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DESCRIPTION

Description

TECHNICAL FIELD

[0001] The disclosure relates generally to wireless communications and, more particularly, to
methods and apparatus for indicating information in a random access procedure in a wireless
communication.

BACKGROUND

[0002] In both the fourth Generation (4G) and the fifth Generation (5G) new radio (NR) mobile
networks, before a user equipment (UE) sends data to a base station (BS), the UE needs to
obtain uplink synchronization and downlink synchronization with the BS. The uplink timing
synchronization may be achieved by performing a random access procedure.

[0003] An exemplary four-step random access procedure 100 is shown in FIG. 1. As shown in
FIG. 1, a UE 110 transmits a preamble in Message (Msg) 1 to a BS 120 at operation 101.
Once the preamble is received successfully by the BS 120, the BS 120 will send at operation
102 a Msg 2 back to the UE 110, in which a medium access control (MAC) random access
response (RAR) is included as a response to the preamble. The MAC RAR may include an
uplink (UL) grant and a temporary cell radio network temporary identifier (TC-RNTI). After the
MAC RAR is received, the UE 110 transmits Msg 3 at operation 103 to the BS 120 with the
physical uplink shared channel (PUSCH) grant carried in the MAC RAR. After the Msg 3 is
received, the BS 120 will send the Msg 4 back at operation 104 to the UE 110, in which some
kind of contention resolution identity (ID) will be included for the purpose of contention
resolution. A communication system merely relying on an initial access procedure as
mentioned above will induce latency and cannot meet the needs of faster and newer
communications in future network developments.

[0004] Thus, existing systems and methods for performing a random access procedure in a
wireless communication are not entirely satisfactory.
3GPP Draft R1-1902843 is a related prior art document.

SUMMARY
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[0005] The invention is specified by the independent claims. Preferred embodiments are
defined in the dependent claims. In the following description, although numerous features may
be designated as optional, it is nevertheless acknowledged that all features comprised in the
independent claims are not to be read as optional. The exemplary embodiments disclosed
herein are directed to solving the issues relating to one or more of the problems presented in
the prior art, as well as providing additional features that will become readily apparent by
reference to the following detailed description when taken in conjunction with the accompany
drawings. In accordance with various embodiments, exemplary systems, methods, devices and
computer program products are disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Various exemplary embodiments of the present disclosure are described in detail below
with reference to the following Figures. The drawings are provided for purposes of illustration
only and merely depict exemplary embodiments of the present disclosure to facilitate the
reader's understanding of the present disclosure. Therefore, the drawings should not be
considered limiting of the breadth, scope, or applicability of the present disclosure. It should be
noted that for clarity and ease of illustration these drawings are not necessarily drawn to scale.

FIG. 1 illustrates an exemplary four-step random access procedure.

FIG. 2 illustrates an exemplary two-step random access procedure, in accordance with some
embodiments of the present disclosure.

FIG. 3 illustrates a block diagram of a base station (BS), in accordance with some
embodiments of the present disclosure.

FIG. 4 illustrates a flow chart for a method performed by a BS for performing a random access
procedure, in accordance with some embodiments of the present disclosure.

FIG. 5 illustrates a block diagram of a user equipment (UE), in accordance with some
embodiments of the present disclosure.

FIG. 6 illustrates a flow chart for a method performed by a UE for performing a random access
procedure, in accordance with some embodiments of the present disclosure.

FIG. 7 illustrates an exemplary method for performing a random access procedure, in
accordance with some embodiments of the present disclosure.

FIG. 8 illustrates a basic medium access control (MAC) structure for a message in a random
access procedure.

FIG. 9 illustrates a detailed exemplary MAC structure for a message in a random access
procedure, in accordance with some embodiments of the present disclosure.

FIG. 10 illustrates another exemplary method for performing a random access procedure, in
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accordance with some embodiments of the present disclosure.

[0007] Figures 1, 2, 7, 8 and 10 represent unclaimed aspecits.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0008] Various exemplary embodiments of the present disclosure are described below with
reference to the accompanying figures to enable a person of ordinary skill in the art to make
and use the present disclosure.

[0009] A typical wireless communication network includes one or more base stations (typically
known as a "BS") that each provides geographical radio coverage, and one or more wireless
user equipment devices (typically known as a "UE") that can transmit and receive data within
the radio coverage. In the wireless communication network, a BS and a UE can communicate
with each other via a communication link, e.g., via a downlink radio frame from the BS to the
UE or via an uplink radio frame from the UE to the BS.

[0010] The present disclosure provides methods for a terminal or a UE to complete access to
a BS by a two-step random access channel (RACH) procedure, to accelerate the entire initial
access procedure and significantly reduce the overall initial access latency of the
communication network. A two-step RACH procedure will complete the random access in two
steps. In one embodiment, the UE transmits a first message (referred as Msg A) including both
a preamble and a payload to the BS in a first step. The BS will then transmit a second
message (referred as Msg B) in response to the first message to the UE to complete the
access. In other words, Msg A of two-step RACH merges the equivalent content of Msg 1 and
Msg 3 of four-step RACH, and Msg B of two-step RACH merges the equivalent content of Msg
2 and Msg 4 of four-step RACH.

[0011] In some embodiments, after the UE transmits the Msg A to the network, the UE
receives the response in Msg B which includes an indication for a type or function of each MAC
RAR in Msg B. The indication may be carried in the downlink control information (DCI), or in
the MAC RAR, or a MAC subheader. In case the indication for the type of MAC RAR is carried
in the MAC RAR, the indication bit may be placed before the ordinary RAR content.

[0012] The type of MAC RAR in Msg B may be selected from at least one of the following
options: a response for normal contention resolution, a response for fall back mode, a
response for NACK indication, and a response for Msg 2 of a four-step RACH. The MAC RAR
for contention resolution may contain a contention resolution ID carried in the payload of Msg
A. The MAC RAR for fall back mode may contain a Msg 3 scheduling message.

[0013] In various embodiments, a BS may be referred to as a network side node and can
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include, or be implemented as, a next Generation Node B (gNB), an E-FUTRAN Node B (eNB),
a Transmission Reception Point (TRP), an Access Point (AP), a donor node (DN), a relay
node, a core network (CN) node, a RAN node, a master node, a secondary node, a distributed
unit (DU), a centralized unit (CU), etc. A UE in the present disclosure can be referred to as a
terminal and can include, or be implemented as, a mobile station (MS), a station (STA), etc. A
BS and a UE may be described herein as non-limiting examples of "wireless communication
nodes;" and a UE may be described herein as non-limiting examples of "wireless
communication devices." The BS and UE can practice the methods disclosed herein and may
be capable of wireless and/or wired communications, in accordance with various embodiments
of the present disclosure.

[0014] FIG. 2 illustrates an exemplary two-step random access procedure 200, in accordance
with some embodiments of the present disclosure. A two-step RACH procedure will complete
the 4 steps in FIG. 1 in 2 messages or 2 steps. In other words, at least some content of Msg 1
and Msg 3 in the four-step RACH are included in Msg A of the two-step RACH; and at least
some content of Msg 2 and Msg 4 are included in Msg B of the two-step RACH. As shown in
FIG. 2, a UE 210 transmits, at operation 201, Msg A that includes both a preamble and a
payload to a BS 220 for access to the BS 220. Then at operation 202, the BS 220 transmits to
the UE 210 Msg B in response to the Msg A.

[0015] In one embodiment, the channel structure of Msg A includes preamble and PUSCH
carrying payload which includes at least the content of Msg 3 in the traditional 4-step RACH.
The Msg B may include the content equivalent to contents of Msg 2 and Msg 4 of 4-step RACH
and handle the contention resolution function for 2-step RACH.

[0016] When the UE sends the Msg A, the BS needs to distinguish the random access (RA)
types to determine whether the UE initiates from a two-step CBRA (contention based RACH) or
a four-step CBRA. Otherwise, the BS will always try to decode the payload in each payload
occasion and the RAR window will be significantly impacted when the preamble is successfully
detected, which is not reasonable in terms of latency and energy efficiency. The RACH type
may be indicated based on the used preamble time or frequency resource. The system
allocates different available time/frequency resource occasions (ROs) for two-step CBRA and
four-step CBRA individually, which can help the BS to distinguish the types of RACH. There
may be two sets of parameters of PRACH (physical random access channel) configuration,
one set for 2-step RACH and the other set for 4-step RACH. Msg B will be sent from the BS to
the UE if the preamble in Msg A has been detected. Depending on whether the payload in Msg
A is successfully decoded, the content of Msg B may be different. More details will be
described later referring to FIG. 7.

[0017] FIG. 3 illustrates a block diagram of a base station (BS) 300, in accordance with some
embodiments of the present disclosure. The BS 300 is an example of a node that can be
configured to implement the various methods described herein. As shown in FIG. 3, the BS
300 includes a housing 340 containing a system clock 302, a processor 304, a memory 306, a
transceiver 310 including a transmitter 312 and receiver 314, a power module 308, a random
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access message analyzer 320, a random access message generator 322, a response type
configurator 324, and a failure and fallback operator 326.

[0018] In this embodiment, the system clock 302 provides the timing signals to the processor
304 for controlling the timing of all operations of the BS 300. The processor 304 controls the
general operation of the BS 300 and can include one or more processing circuits or modules
such as a central processing unit (CPU) and/or any combination of general-purpose
microprocessors, microcontrollers, digital signal processors (DSPs), field programmable gate
array (FPGAs), programmable logic devices (PLDs), controllers, state machines, gated logic,
discrete hardware components, dedicated hardware finite state machines, or any other
suitable circuits, devices and/or structures that can perform calculations or other manipulations
of data.

[0019] The memory 306, which can include both read-only memory (ROM) and random
access memory (RAM), can provide instructions and data to the processor 304. A portion of
the memory 306 can also include non-volatile random access memory (NVRAM). The
processor 304 typically performs logical and arithmetic operations based on program
instructions stored within the memory 306. The instructions (a.k.a., software) stored in the
memory 306 can be executed by the processor 304 to perform the methods described herein.
The processor 304 and memory 306 together form a processing system that stores and
executes software. As used herein, "software” means any type of instructions, whether referred
to as software, firmware, middleware, microcode, etc. which can configure a machine or device
to perform one or more desired functions or processes. Instructions can include code (e.g., in
source code format, binary code format, executable code format, or any other suitable format
of code). The instructions, when executed by the one or more processors, cause the
processing system to perform the various functions described herein.

[0020] The transceiver 310, which includes the transmitter 312 and receiver 314, allows the BS
300 to transmit and receive data to and from a remote device (e.g., another BS or a UE). An
antenna 350 is typically attached to the housing 340 and electrically coupled to the transceiver
310. In various embodiments, the BS 300 includes (not shown) multiple transmitters, multiple
receivers, and multiple transceivers. In one embodiment, the antenna 350 is replaced with a
multi-antenna array 350 that can form a plurality of beams each of which points in a distinct
direction. The transmitter 312 can be configured to wirelessly transmit packets having different
packet types or functions, such packets being generated by the processor 304. Similarly, the
receiver 314 is configured to receive packets having different packet types or functions, and
the processor 304 is configured to process packets of a plurality of different packet types. For
example, the processor 304 can be configured to determine the type of packet and to process
the packet and/or fields of the packet accordingly.

[0021] In a communication system including the BS 300 that can serve one or more UEs, the
BS 300 may receive a random access request from a UE for access to the BS 300. In one
embodiment, the random access message analyzer 320 may receive, via the receiver 314
from the UE, a first message including a preamble and a payload for an access to the BS 300.
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The random access message analyzer 320 may analyze the first message and inform the
random access message generator 322 about the first message for generating a response.

[0022] In one embodiment, the random access message generator 322 may generate a
second message including a response to the first message. The random access message
generator 322 may transmit the second message via the transmitter 312 to the UE. In one
embodiment, the second message includes an indication indicating a type of the response
selected from a plurality of types.

[0023] In one embodiment, the indication is carried in downlink control information (DCI). In
another embodiment, the indication is carried in a subheader in a header of the second
message. The header includes at least one subheader. In one example, the indication is
carried by at least one additional bit added into the subheader. In another example, the
indication is carried by at least one reserved bit in the subheader.

[0024] In another embodiment, the indication is carried in a random access response (RAR) in
the second message. For example, the indication is located before ordinary RAR content in the
RAR. The ordinary RAR content may include a contention resolution identity (ID) and/or
scheduling information for a third message of a 4-step random access. In one example, the
indication is carried by at least one additional bit added into the RAR. In another example, the
indication is carried by at least one reserved bit in the RAR.

[0025] In one embodiment, the second message indicates whether the second message is for
a 2-step random access or a 4-step random access based on at least one selected from the
group of: a radio network temporary identifier (RNTI) used for scrambling a downlink control
channel of the second message; and a random access preamble (RAP) ID in a subheader in
the second message.

[0026] The response type configurator 324 in this example may configure the response for a
contention resolution for the access to the BS 300; and determine the type of the response
based on the configuring. In this case, the response may include a contention resolution
identity (ID) carried in the payload of the first message.

[0027] In another embodiment, the response type configurator 324 may configure the
response for a fallback to a 4-step random access and for a UE that supports a 2-step random
access; and determine the type of the response based on the configuring. In this case, the
response may include scheduling information for a third message of the 4-step random
access.

[0028] In another embodiment, the response type configurator 324 may configure the
response for a negative acknowledgement (NACK) indication for a retransmission of the
payload of the first message. In another embodiment, one of the plurality of types corresponds
to a response that is configured for a UE that supports a 4-step random access.
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[0029] The failure and fallback operator 326 in this example may perform one or more
operations in response to a determination of failure or fallback. In one embodiment, the failure
and fallback operator 326 may generate a negative acknowledgement (NACK) indicator for a
retransmission of the payload of the first message in response to a decoding error of the
payload. The failure and fallback operator 326 may inform the random access message
generator 322 to generate the second message based on the NACK indicator. Then, the
failure and fallback operator 326 may receive the exact payload transmitted again from the UE.
The MAC layer entity in this case is still for a 2-step random access.

[0030] In another embodiment, the failure and fallback operator 326 generate an indication for
a fallback to a 4-step random access in response to a decoding error of the payload, and
inform the random access message generator 322 to generate the second message based on
the fallback indication. Then, the failure and fallback operator 326 may receive a second
payload transmitted from the UE. The second payload may or may not be the same as the
original payload transmitted in the first message Msg A. The MAC layer entity in this case
switches to fit a 4-step random access.

[0031] The power module 308 can include a power source such as one or more batteries, and
a power regulator, to provide regulated power to each of the above-described modules in FIG.
3. In some embodiments, if the BS 300 is coupled to a dedicated external power source (e.g.,
a wall electrical outlet), the power module 308 can include a transformer and a power
regulator.

[0032] The various modules discussed above are coupled together by a bus system 330. The
bus system 330 can include a data bus and, for example, a power bus, a control signal bus,
and/or a status signal bus in addition to the data bus. It is understood that the modules of the
BS 300 can be operatively coupled to one another using any suitable techniques and
mediums.

[0033] As used herein, the term "layer” refers to an abstraction layer of a layered model, e.g.
the open systems interconnection (OSI) model, which partitions a communication system into
abstraction layers. A layer serves the next higher layer above it, and is served by the next
lower layer below it.

[0034] Although a number of separate modules or components are illustrated in FIG. 3,
persons of ordinary skill in the art will understand that one or more of the modules can be
combined or commonly implemented. For example, the processor 304 can implement not only
the functionality described above with respect to the processor 304, but also implement the
functionality described above with respect to the random access message analyzer 320.
Conversely, each of the modules illustrated in FIG. 3 can be implemented using a plurality of
separate components or elements.

[0035] FIG. 4 illustrates a flow chart for a method 400 performed by a BS, e.g. the BS 300 in
FIG. 3, for performing a random access procedure, in accordance with some embodiments of
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the present disclosure. At operation 410, the BS receives and analyzes a first message
including a preamble and a payload from a UE for an access to the BS. At operation 420, the
BS generates a response to the first message and an indication indicating a type of the
response. At operation 430, the BS transmits, to the UE, a second message including the
response and the indication. At operation 440, the BS optionally performs operations in
response to a determination of failure or fallback. According to various embodiments, the order
of the above operations may be changed.

[0036] FIG. 5 illustrates a block diagram of a user equipment (UE) 500, in accordance with
some embodiments of the present disclosure. The UE 500 is an example of a device that can
be configured to implement the various methods described herein. As shown in FIG. 5, the UE
500 includes a housing 540 containing a system clock 502, a processor 504, a memory 506, a
transceiver 510 including a transmitter 512 and a receiver 514, a power module 508, a random
access message generator 520, a random access message analyzer 522, a response type
determiner 524, and a failure and fallback operator 526.

[0037] In this embodiment, the system clock 502, the processor 504, the memory 506, the
transceiver 510 and the power module 508 work similarly to the system clock 302, the
processor 304, the memory 306, the transceiver 310 and the power module 308 in the BS 300.
An antenna 550 or a multi-antenna array 550 is typically attached to the housing 540 and
electrically coupled to the transceiver 510.

[0038] In a communication system, the UE 500 may want to access a BS for data transfer. In
one embodiment, the random access message generator 520 may generate a first message
including a preamble and a payload for an access to the BS. The random access message
generator 520 may transmit the first message via the transmitter 512 to the BS. The random
access message generator 520 may inform the random access message analyzer 522 about
the first message so that the random access message analyzer 522 will monitor a response
from the BS.

[0039] The random access message analyzer 522 in this example may receive, via the
receiver 514 from the BS, a second message including a response to the first message. The
random access message analyzer 522 may analyze the second message to determine that the
second message includes an indication indicating a type of the response selected from a
plurality of types.

[0040] In one embodiment, the indication is carried in downlink control information (DCI). In
another embodiment, the indication is carried in a subheader in a header of the second
message. The header includes at least one subheader. In one example, the indication is
carried by at least one additional bit added into the subheader. In another example, the
indication is carried by at least one reserved bit in the subheader.

[0041] In another embodiment, the indication is carried in a random access response (RAR) in
the second message. For example, the indication is located before ordinary RAR content in the
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RAR. The ordinary RAR content may include a contention resolution identity (ID) and/or
scheduling information for a third message of a 4-step random access. In one example, the
indication is carried by at least one additional bit added into the RAR. In another example, the
indication is carried by at least one reserved bit in the RAR.

[0042] In one embodiment, the second message indicates whether the second message is for
a 2-step random access or a 4-step random access based on at least one selected from the
group of: a radio network temporary identifier (RNTI) used for scrambling a downlink control
channel of the second message; and a random access preamble (RAP) ID in a subheader in
the second message.

[0043] The response type determiner 524 in this example may determine, based on the type
of the response, that the response is configured for a contention resolution for the access to
the BS. In this case, the response may include a contention resolution identity (ID) carried in
the payload of the first message.

[0044] In another embodiment, the response type determiner 524 may determine, based on
the type of the response, that the response is configured for a fallback to a 4-step random
access, and is configured for a UE that supports a 2-step random access. In this case, the
response may include scheduling information for a third message of the 4-step random
access.

[0045] In another embodiment, the response type determiner 524 may determine, based on
the type of the response, that the response is configured for a negative acknowledgement
(NACK) indication for a retransmission of the payload of the first message. In another
embodiment, one of the plurality of types corresponds to a response that is configured for a UE
that supports a 4-step random access.

[0046] The failure and fallback operator 526 in this example may perform one or more
operations in response to an indication of failure or fallback. In one embodiment, the failure
and fallback operator 326 may determine that there is a negative acknowledgement (NACK)
indicator in the second message for a retransmission of the payload of the first message in
response to a decoding error of the payload. The failure and fallback operator 526 may inform
the random access message generator 520 to retransmit, via the transmitter 512, the exact
payload again to the BS, in response to the NACK indicator in the second message. The MAC
layer entity in this case is still for a 2-step random access.

[0047] In another embodiment, the failure and fallback operator 526 may determine that there
is an indication in the second message for a fallback to a 4-step random access in response to
a decoding error of the payload. The failure and fallback operator 526 may generate and
transmit, via the transmitter 512, a third message to the BS, in response to the fallback
indication. The third message includes a second payload which may or may not be the same
as the original payload transmitted in the first message. The MAC layer entity in this case
switches to fit a 4-step random access.
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[0048] The various modules discussed above are coupled together by a bus system 530. The
bus system 530 can include a data bus and, for example, a power bus, a control signal bus,
and/or a status signal bus in addition to the data bus. It is understood that the modules of the
UE 500 can be operatively coupled to one another using any suitable techniques and
mediums.

[0049] Although a number of separate modules or components are illustrated in FIG. 5,
persons of ordinary skill in the art will understand that one or more of the modules can be
combined or commonly implemented. For example, the processor 504 can implement not only
the functionality described above with respect to the processor 504, but also implement the
functionality described above with respect to the random access message generator 520.
Conversely, each of the modules illustrated in FIG. 5 can be implemented using a plurality of
separate components or elements.

[0050] FIG. 6 illustrates a flow chart for a method 600 performed by a UE, e.g. the UE 500 in
FIG. 5, for performing a random access procedure, in accordance with some embodiments of
the present disclosure. At operation 610, the UE generates and transmits a first message
including a preamble and a payload to the BS. At operation 620, the UE receives and analyzes,
from the BS, a second message including a response to the first message. At operation 630,
the UE determines a type of the response based on an indication in the second message. At
operation 640, the UE optionally performs operations in response to a failure or fallback
indication. According to various embodiments, the order of the above operations may be
changed.

[0051] Different embodiments of the present disclosure will now be described in detail
hereinafter. It is noted that the features of the embodiments and examples in the present
disclosure may be combined with each other in any manner without conflict.

[0052] FIG. 7 illustrates an exemplary method 700 for performing a random access procedure,
in accordance with some embodiments of the present disclosure. As shown in FIG. 7, a UE
710 transmits, at operation 730, a Msg A that includes both a preamble and a payload to a BS
720 for access to the BS 720. Then at operation 731, the BS 720 determines that whether the
payload is successfully detected. If so, the BS 720 transmits at operation 732 to the UE 710
Msg B including a contention resolution ID in response to the Msg A. That is, for the case both
the preamble and payload of Msg A are successfully detected and decoded, the Msg B is for a
two-step RACH contention resolution. A C-RNTI or TC-RNTI disclosed in the payload can well
fulfill contention resolution purpose. The UL grant could be used to schedule the possible
uplink data packets right after the RACH procedure if buffer state report (BSR) is reported in
Msg A.

[0053] If the BS 720 determines that the payload is not successfully detected at operation 731,
the BS 720 transmits at operation 742 to the UE 710 Msg B which contains identical content as
Msg 2 in a 4-step RACH. Then the UE 710 transmits at operation 743 Msg 3 including the
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PUSCH grant to the BS 720. In response, the BS 720 transmits at operation 744 Msg 4
including a contention resolution ID to the UE 710. That is, for the case that the preamble is
successfully detected but the payload is not successfully decoded, the RACH procedure will fall
back to traditional four-step RACH. The Msg B sent in the second step could be identical to a
legacy Msg 2. The content of the Msg B may include a traditional RAR which includes the
random access preamble identity (RAPID) as well as a TC-RNTI. The UL grant in fallback
mode is for Msg 3 scheduling as in a legacy 4-step RACH.

[0054] Since the time/frequency resources for Msg A and Msg 1 are different, the RNTI used
for scrambling the physical downlink control channel (PDCCH) of the second step message are
different. For a two-step RACH, the second step message is Msg B and its PDCCH is
scrambled by the two-step-RA-RNTI. For a four-step RACH, the second step message is Msg
2 and its PDCCH is scrambled by the traditional RA-RNTI. The two-step-RA-RNTI is derived at
least from the time/frequency resources of Msg A, while the RA-RNTI for 4-step RACH is
derived at least from the time/frequency resources of Msg 1. As discussed before, the
time/frequency resources of Msg A and the time/frequency resources of Msg 1 are different.
As such, the two-step-RA-RNTI is different from the RA-RNTI. Although the content of the Msg
B of a 2-step RACH may be identical to the content of a legacy Msg 2, Msg B is different from
the real Msg 2 of a four-step RACH. The MAC layer entity for Msg B in this case is still for a
two-step RACH.

[0055] Msg B is used for the 2-step contention based RACH, while Msg 2 is used for the 4-step
RACH. UE could distinguish whether the second message is Msg B in response to Msg A or
Msg 2 in response to Msg 1, based on a determination that whether the PDCCH scramble
code is two-step-RA-RNTI or RA-RNTI.

[0056] FIG. 8 illustrates a basic medium access control (MAC) protocol data unit (PDU)
structure 800 for a message in a random access procedure. As shown in FIG. 8, a MAC PDU
800 carried by the physical downlink shared channel (PDSCH) of Msg B may include a MAC
header 810, MAC RARs 821, 822, 823 (MAC payload), and a padding 830. The PDSCH is
scheduled by the DCI of Msg B. The MAC header 810 includes the RAPID subheaders which
include in this example at least the detected RAPID k 811, 812, 813 corresponding to the MAC
RAR k 821, 822, 823, where k =1, 2 ... n. That is, the Msg B includes one or multiple MAC
RARs depending on the number of detected preamble index (RAPID) in the same Msg A
time/frequency resource.

[0057] The network cannot guarantee that the payloads of all Msg A's are decoded. One
possibility is that some UEs' preambles are detected but their payloads are not decoded, and
some other UE's preambles and payloads are both successfully detected and decoded. If all
the above mentioned UEs' Msg A responses need to be carried in a same Msg B, the
cascaded MAC RARs corresponding to different RAPIDs may be different. Some are for a
contention resolution, while the others are for a fall back mode.

[0058] As such, there are at least two options for the type or function of a MAC RAR. One
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option is for normal contention resolution as long as the payload is successfully decoded,
where the contention resolution means the MAC RAR contains the contention resolution ID
which is carried in the payload of Msg A. The other option is for a fall back mode when the
preamble is successfully detected but the payload is not successfully decoded. The fall back
mode means the MAC RAR contains a Msg 3 scheduling message.

[0059] The network can indicate UE in the Msg B which option the MAC RAR corresponds to,
and indicate whether the payload is successfully decoded or the MAC RAR is for fall back
mode or for the NACK indication of payload which will be described in detail referring to FIG.
10. Without the indication, UE may no longer distinguish the type or function of MAC RAR and
misunderstand the content of MAC RAR. The indication for type or function of MAC RAR can
be carried in the DCI (downlink control information) of Msg B, or carried in the MAC header or
MAC RAR content.

[0060] The indication carried in the DCI is commonly used for all the MAC RARs in Msg B. So
when the Msg B includes only one MAC RAR, this kind of indication is suitable. While when
multiple MAC RARs are included in the Msg B, it is preferable that the indication for the type or
function of MAC RAR is carried in the MAC RAR itself or the MAC subheader which can
individually indicate the type or function of each MAC RAR. If the indication bits are in the MAC
subheader, the indication bits may use the reserved bits in a traditional MAC subheader or use
some new bits added into a traditional MAC subheader. If the indication bits are carried in a
MAC RAR, the indication bits may be placed before the ordinary RAR content which includes
the details of contention resolution ID or Msg 3 scheduling message. The indication bits can
reuse the reserved bits in MAC RAR or newly added bits in MAC RAR.

[0061] FIG. 9 illustrates a detailed exemplary MAC PDU structure 900 for a message in a
random access procedure, in accordance with some embodiments of the present disclosure.
As shown in FIG. 9, a MAC PDU 900 carried by the PDSCH of Msg B may include a MAC
header 910, MAC RARs 921, 922, 923 (MAC payload), and a padding 930. The MAC header
910 includes the RAPID subheaders 911, 912, 913 each of which in this example may include
a RAPID and a RAR type indication for a corresponding one of the MAC RARs 921, 922, 923.
According to various embodiments, one or more of the subheaders 911, 912, 913 include RAR
type indications, while other subheaders do not. In addition, each of the MAC RARs 921, 922,
923 may include a RAR type indication for the RAR itself. According to various embodiments,
one or more of the MAC RARs 921, 922, 923 include RAR type indications, while other MAC
RARs do not.

[0062] In addition to the above two options for the type of a MAC RAR, a MAC RAR may also
indicate a NACK to a UE when the preamble is successfully detected but the payload is not
successfully decoded. When the UE gets the NACK indication, the UE will retransmit the exact
payload again but without the preamble. FIG. 10 illustrates another exemplary method 1000
for performing a random access procedure, in accordance with some embodiments of the
present disclosure. As shown in FIG. 10, a UE 1010 transmits, at operation 1001, a Msg A that
includes both a preamble and a payload to a BS 1020 for access to the BS 1020. Then at
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operation 1002, the BS 1020 transmits to the UE 1010 Msg B including a NACK indicator in
response to the Msg A, after the BS 1020 determines that the preamble is successfully
detected but the payload is not successfully decoded. At operation 1003, the UE 1010
retransmits the same payload in Msg A to the BS 1020. Then at operation 1004, the BS 1020
may transmit to the UE 1010 a message for contention resolution.

[0063] As discussed above, when the time/frequency resources for Msg A and Msg 1 are
different, then the RNTI used for scrambling the PDCCH of the second step message are
different. The UE could distinguish whether the second message for response of Msg A or Msg
1 is a Msg B and a Msg 2, based on the PDCCH scramble code. But in case the
time/frequency resources for Msg A and Msg 1 are same, the RNTI used for scrambling the
PDCCH of the second step message cannot be used to distinguish between the Msg B and the
Msg 2. In that case, the UE could distinguish between the Msg B and Msg 2 based on the
different preamble indices used for Msg A and Msg 1. For example, it may be pre-determined
that one group of preamble indices are used for Msg A, Msg B, and 2-step RACH, while
another group of preamble indices are used for Msg 1, Msg 2, and 4-step RACH.

[0064] In another embodiment, as the preamble index will be included in the Msg B MAC
subheader, it means one of the MAC RARs in Msg B may be the MAC RAR for a traditional 4-
step RACH. That is, another option for the type or function of a MAC RAR in Msg B is that the
MAC RAR in Msg B is a traditional MAC RAR of Msg 2. This may be configured for a UE that
can only support a 4-step RACH. It is possible that a BS serves multiple UEs, where some of
the UEs support a 2-step RACH, while other UEs support a 4-step UE. The traditional MAC
RAR of Msg 2 contains time advance (TA), UL grant of Msg 3, and TC-RNTI, etc.

[0065] While various embodiments of the present disclosure have been described above, it
should be understood that they have been presented by way of example only, and not by way
of limitation. Likewise, the various diagrams may depict an example architectural or
configuration, which are provided to enable persons of ordinary skill in the art to understand
exemplary features and functions of the present disclosure. Such persons would understand,
however, that the present disclosure is not restricted to the illustrated example architectures or
configurations, but can be implemented using a variety of alternative architectures and
configurations. Additionally, as would be understood by persons of ordinary skill in the art, one
or more features of one embodiment can be combined with one or more features of another
embodiment described herein. Thus, the breadth and scope of the present disclosure should
not be limited by any of the above-described exemplary embodiments.

[0066] It is also understood that any reference to an element herein using a designation such
as "first," "second,” and so forth does not generally limit the quantity or order of those
elements. Rather, these designations can be used herein as a convenient means of
distinguishing between two or more elements or instances of an element. Thus, a reference to
first and second elements does not mean that only two elements can be employed, or that the
first element must precede the second element in some manner.



DK/EP 3935906 T3

[0067] Additionally, a person having ordinary skill in the art would understand that information
and signals can be represented using any of a variety of different technologies and techniques.
For example, data, instructions, commands, information, signals, bits and symbols, for
example, which may be referenced in the above description can be represented by voltages,
currents, electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[0068] A person of ordinary skill in the art would further appreciate that any of the various
illustrative logical blocks, modules, processors, means, circuits, methods and functions
described in connection with the aspects disclosed herein can be implemented by electronic
hardware (e.g., a digital implementation, an analog implementation, or a combination of the
two), firmware, various forms of program or design code incorporating instructions (which can
be referred to herein, for convenience, as "software" or a "software module), or any
combination of these techniques.

[0069] To clearly illustrate this interchangeability of hardware, firmware and software, various
illustrative components, blocks, modules, circuits, and steps have been described above
generally in terms of their functionality. Whether such functionality is implemented as hardware,
firmware or software, or a combination of these techniques, depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans can
implement the described functionality in various ways for each particular application, but such
implementation decisions do not cause a departure from the scope of the present disclosure.
In accordance with various embodiments, a processor, device, component, circuit, structure,
machine, module, etc. can be configured to perform one or more of the functions described
herein. The term "configured to" or "configured for" as used herein with respect to a specified
operation or function refers to a processor, device, component, circuit, structure, machine,
module, etc. that is physically constructed, programmed and/or arranged to perform the
specified operation or function.

[0070] Furthermore, a person of ordinary skill in the art would understand that various
illustrative logical blocks, modules, devices, components and circuits described herein can be
implemented within or performed by an integrated circuit (IC) that can include a general
purpose processor, a digital signal processor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other programmable logic device, or any
combination thereof. The logical blocks, modules, and circuits can further include antennas
and/or transceivers to communicate with various components within the network or within the
device. A general purpose processor can be a microprocessor, but in the alternative, the
processor can be any conventional processor, controller, or state machine. A processor can
also be implemented as a combination of computing devices, e.g., a combination of a DSP and
a microprocessor, a plurality of microprocessors, one or more microprocessors in conjunction
with a DSP core, or any other suitable configuration to perform the functions described herein.

[0071] If implemented in software, the functions can be stored as one or more instructions or
code on a computer-readable medium. Thus, the steps of a method or algorithm disclosed
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herein can be implemented as software stored on a computer-readable medium. Computer-
readable media includes both computer storage media and communication media including
any medium that can be enabled to transfer a computer program or code from one place to
another. A storage media can be any available media that can be accessed by a computer. By
way of example, and not limitation, such computer-readable media can include RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used to store desired program code in the
form of instructions or data structures and that can be accessed by a computer.

[0072] In this document, the term "module” as used herein, refers to software, firmware,
hardware, and any combination of these elements for performing the associated functions
described herein. Additionally, for purpose of discussion, the various modules are described as
discrete modules; however, as would be apparent to one of ordinary skill in the art, two or
more modules may be combined to form a single module that performs the associated
functions according embodiments of the present disclosure.

[0073] Additionally, memory or other storage, as well as communication components, may be
employed in embodiments of the present disclosure. It will be appreciated that, for clarity
purposes, the above description has described embodiments of the present disclosure with
reference to different functional units and processors. However, it will be apparent that any
suitable distribution of functionality between different functional units, processing logic
elements or domains may be used without detracting from the present disclosure. For
example, functionality illustrated to be performed by separate processing logic elements, or
controllers, may be performed by the same processing logic element, or controller. Hence,
references to specific functional units are only references to a suitable means for providing the
described functionality, rather than indicative of a strict logical or physical structure or
organization.

[0074] The disclosure is not intended to be limited to the implementations shown herein, but is
to be accorded the widest scope consistent with the novel features and principles disclosed
herein, as recited in the claims below.
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Patentkrav

1. Fremgangsmade, der udferes af en tradles kommunikationsindretning, hvil-
ken fremgangsmade omfatter:

transmission, til en tradl@s kommunikationsknude, af en ferste meddelelse, der
omfatter en praeambel og nyttedata for en adgang til den tradlese kommuni-
kationsknude;

modtagelse, fra den tradlese kommunikationsknude, af en anden meddelelse,
der omfatter et svar pa den ferste meddelelse, hvor den anden meddelelse
omfatter en indikation, der angiver en type af svaret fra en flerhed af typer; og
bestemmelse, baseret pa typen af svaret, om svaret er konfigureret til en kon-
fliktlesning for adgangen til den tradlese kommunikationsknude eller er konfi-
gureret til et tilbagefald til en 4-trins tilfeeldig adgang, hvor nar svaret er konfi-
gureret til konfliktl@sningen, omfatter svaret en konfliktlasningsidentitet, ID, der
baeres i den farste meddelelses nyttedata,

kendetegnet ved, at

svaret omfatter en underoverskrift og et tilfeeldig adgangsvar, RAR, til en me-
dieadgangskontrol, MAC, der er knyttet til underoverskriften, hvor indikatoren
viser enten, om MAC RAR er et tilbagefald MAC RAR eller en konfliktlasnings-

RAR og baeres i underoverskriften.

2. Fremgangsmade ifelge krav 1, yderligere omfattende:

at bestemme, baseret pa typen af svaret, om svaret er konfigureret til tilbage-
faldet til 4-trins tilfaeldig adgang og er konfigureret til en tradles kommunikati-
onsindretning, der understatter en 2-trins tilfeeldig adgang, fortrinsvis hvor sva-

ret omfatter planleegningsinformation for en tredje besked i 4-trins tilfeeldig ad-

gang.

3. Fremgangsmade ifglge krav 1, hvor den anden meddelelse angiver, om den
anden meddelelse er til en 2-trins tilfeeldig adgang eller 4-trins tilfeeldig adgang

baseret pa en midlertidig radionetveerksidentifikation, RNTI, der anvendes til
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at kryptere en downlink-kontrolkanal af den anden besked.

4. Fremgangsmade, der udferes af en tradles kommunikationsknude, hvilken
fremgangsmade omfatter:

modtagelse, fra en tradles kommunikationsindretning, af en ferste meddelelse,
der omfatter en preeambel og nyttedata for en adgang til den tradlese kommu-
nikationsknude;

konfigurering af et svar til en konfliktl@sning for adgangen til den tradlese kom-
munikationsknude eller for et tilbagefald til en 4-trins tilfeeldig adgang, nar sva-
ret er for konfliktl@sningen, hvor svaret omfatter en konfliktl@sningsidentitet, ID,
som beeres i den ferste meddelelses nyttedata; og

transmission, til den tradlese kommunikationsindretning, af en anden medde-
lelse, der omfatter svaret pa den ferste meddelelse, hvor den anden medde-
lelse omfatter en indikation, der angiver en type af svaret valgt blandt en fler-
hed af typer,

kendetegnet ved, at

svaret omfatter en underoverskrift og et tilfeeldig adgangsvar, RAR, til en me-
dieadgangskontrol, MAC, der er knyttet til underoverskriften, hvor indikatoren
viser enten, om MAC RAR er et tilbagefald MAC RAR eller en konfliktlasnings-

RAR og baeres i underoverskriften.

5. Fremgangsmade ifalge krav 4, yderligere omfattende:

konfigurering af svaret til tilbagefaldet til 4-trins tilfaeldig adgang og for en trad-
les kommunikationsindretning, der understatter en 2-trins tilfeeldig adgang, for-
trinsvis hvor svaret omfatter planlezegningsinformation for en tredje meddelelse

om 4-trins tilfeeldig adgang.

6. Fremgangsmade ifglge krav 4, hvor den anden meddelelse angiver, om den
anden meddelelse er til en 2-trins tilfeeldig adgang eller den 4-trins tilfeeldige

adgang, der er baseret pa en midlertidig radionetveerksidentifikation, RNTI,
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bruges til at kryptere en downlink-kontrolkanal af den anden besked.

7. Tradles kommunikationsenhed, der er konfigureret til:

transmission, til en tradl@s kommunikationsknude, af en ferste meddelelse, der
omfatter en praeambel og nyttedata for en adgang til den tradlese kommuni-
kationsknude;

modtagelse, fra den tradlese kommunikationsknude, af en anden meddelelse,
der omfatter et svar pa den ferste meddelelse, hvor den anden meddelelse
omfatter en indikation, der angiver en type af svaret fra en flerhed af typer; og
bestemmelse, baseret pa typen af svaret, om svaret er konfigureret til en kon-
fliktlesning for adgangen til den tradlese kommunikationsknude eller er konfi-
gureret til et tilbagefald til en 4-trins tilfeeldig adgang, hvor nar svaret er konfi-
gureret til konfliktl@sningen, omfatter svaret en konfliktlasningsidentitet, ID, der
baeres i den farste meddelelses nyttedata,

kendetegnet ved, at svaret omfatter en underoverskrift og et tilfeeldig adgang-
svar, RAR, til en medieadgangskontrol-, MAC, der er knyttet til underoverskrif-
ten, hvor indikatoren viser enten, om MAC RAR er et tilbagefald MAC RAR

eller en konfliktl@zsnings-RAR og beeres i underoverskriften.

8. Tradles kommunikationsindretning ifalge krav 7,

hvor den anden meddelelse angiver, om den anden meddelelse er til en 2-trins
tilfeeldig adgang eller 4-trins tilfeeldig adgang baseret pa en midlertidig radio-
netvaerksidentifikation, RNTI, der anvendes til at kryptere en downlink-kontrol-

kanal af den anden besked.

9. Tradles kommunikationsindretning ifelge krav 7, yderligere konfigureret til
at:

bestemme, baseret pa typen af svaret, om svaret er konfigureret til tilbagefal-
det til 4-trins tilfaeldig adgang og er konfigureret til en tradles kommunikations-

indretning, der understatter en 2-trins tilfeeldig adgang, fortrinsvis hvor svaret
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omfatter planleegningsinformation for en tredje besked i 4-trins tilfeeldig ad-

gang.

10. Tradles kommunikationsknude konfigureret til:

modtagelse, fra en tradles kommunikationsindretning, af en ferste meddelelse,
der omfatter en preeambel og nyttedata for en adgang til den tradlese kommu-
nikationsknude;

konfigurering af et svar til en konfliktl@sning for adgangen til den tradlese kom-
munikationsknude eller for et tilbagefald til en 4-trins tilfeeldig adgang, nar sva-
ret er for konfliktl@sningen, hvor svaret omfatter en konfliktl@sningsidentitet, ID,
som beeres i den ferste meddelelses nyttedata; og

transmission, til den tradlese kommunikationsindretning, af en anden medde-
lelse, der omfatter svaret pa den ferste meddelelse, hvor den anden medde-
lelse omfatter en indikation, der angiver en type af svaret valgt blandt en fler-
hed af typer,

kendetegnet ved, at svaret omfatter en underoverskrift og et tilfeeldig adgang-
svar, RAR, til en medieadgangskontrol, MAC, der er knyttet til underoverskrif-
ten, hvor indikatoren viser enten, om MAC RAR er et tilbagefald MAC RAR

eller en konfliktl@zsnings-RAR og beeres i underoverskriften.

11. Tradles kommunikationsknudepunkt ifglge krav 10,

hvor den anden meddelelse angiver, om den anden meddelelse er til en 2-trins
tilfeeldig adgang eller 4-trins tilfeeldig adgang baseret pa en midlertidig radio-
netvaerksidentifikation, RNTI, der anvendes til at kryptere en downlink-kontrol-

kanal af den anden besked.

12. Tradlgs kommunikationsknude ifelge krav 10 yderligere konfigureret til at
udfere trin omfattende:

konfigurering af svaret til tilbagefaldet til 4-trins tilfeeldig adgang og til en trad-
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les kommunikationsindretning, der understatter en 2-trins tilfeeldig adgang, for-
trinsvis hvor svaret omfatter planlezegningsinformation for en tredje meddelelse

om 4-trins tilfeeldig adgang.

13. Ikke-transitorisk computerleesbart medium, der har lagret computerekse-
kverbare instruktioner til udferelse af fremgangsmaden ifalge et hvilket som

helst af kravene 1 til 3 eller 4 til 6.
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