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METHOD AND APPARATUS FOR RANDOM ACCESS

FIELD OF THE INVENTION

[0001] The present disclosure generally relates to communication networks, and

more specifically, to method and apparatus for random access.

BACKGROUND

[0002] This section introduces aspects that may facilitate a better understanding
of the disclosure. Accordingly, the statements of this section are to be read in this
light and are not to be understood as admissions about what is in the prior art or what

1s not in the prior art.

[0003] Communication service providers and network operators have been
continually facing challenges to deliver value and convenience to consumers by, for
example, providing compelling network services and performance. With the rapid
development of networking and communication technologies, wireless
communication networks such as long-term evolution (LTE) and new radio (NR)
networks are expected to achieve high traffic capacity and end-user data rate with
lower latency. In order to connect to a network node, a random access (RA)
procedure may be initiated for a terminal device. In the RA procedure, system
information (SI) and synchronization signals (SS) as well as the related radio
resource and transmission configuration can be informed to the terminal device by
control information from the network node. The RA procedure can enable the
terminal device to establish a session for a specific service with the network node.
Thus, it is desirable to enhance the configuration and performance of the RA

procedure.
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SUMMARY

[0004] This summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the detailed description. This
summary 1s not intended to identify key features or essential features of the claimed
subject matter, nor is it intended to be used to limit the scope of the claimed subject

matter.

[0005] A wireless communication network such as a NR/5G network may be able
to support flexible network configuration. Various signaling approaches (e.g., a
four-step approach, a two-step approach, etc.) may be used for a RA procedure of a
terminal device to set up a connection with a network node. For the RA procedure,
there may be a specific association between a synchronization signal and physical
broadcast channel block (which is also known as a SS/PBCH block or SSB for short)
and a time-frequency physical random access channel (PRACH) occasion (which is
also known as a RA occasion or RO for short). In a two-step RA procedure, the
terminal device can transmit a RA preamble together with the physical uplink shared
channel (PUSCH) in a message (which is also known as message A or msgA for
short) to the network node, and receive a response message (which is also known as
message B or msgB for short) from the network node. The msgA payload can be
transmitted in a PUSCH occasion (PO) configured with one or more resource units
(RUs), and the RA preamble can be transmitted in a RO. It may be desirable to
configure signaling transmissions for a RA procedure more flexibly and efficiently

while implementing association of resource configuration in a RO and a PO.

[0006] Various embodiments of the present disclosure propose a solution for RA,
which can support adaptive configuration for a RA procedure such as a two-step RA
procedure, for example, by providing flexibility for mapping of an SSB to a PO, so as

to save overhead and improve performance of the RA procedure.

[0007] It can be realized that the terms “PRACH occasion”, “random access
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channel (RACH) occasion” or “RA occasion” mentioned herein may refer to a
time-frequency resource usable for the preamble transmission in a RA procedure,
which may also be referred to as “random access occasion (RO)”. These terms may
be used interchangeably in this document. In accordance with some exemplary
embodiments, a RO usable for the preamble transmission in two-step RA may be
called a two-step RO, while a RO usable for the preamble transmission in four-step

RA may be called a four-step RO.

[0008] Similarly, it can be realized that the terms “PUSCH occasion™, “uplink
shared channel occasion™ or “shared channel occasion” mentioned herein may refer
to a time-frequency resource usable for PUSCH transmission in a RA procedure,
which may also be referred to as “physical uplink shared channel occasion (PO)”.

These terms may be used interchangeably in this document.

[0009] According to a first aspect of the present disclosure, there is provided a
method performed by a network node. The method comprises determining an
association between an SSB and a shared channel occasion (e.g., PUSCH occasion)
in a RA procedure, based at least in part on configuration of a RA occasion and the
shared channel occasion for an uplink (UL) message including a preamble and
PUSCH data in the RA procedure. The method further comprises transmitting

information indicating the association to a terminal device.

[0010] According to a second aspect of the present disclosure, there is provided
an apparatus which may be implemented as a network node. The apparatus comprises
one or more processors and one or more memories comprising computer program
codes. The one or more memories and the computer program codes are configured to,
with the one or more processors, cause the apparatus at least to perform any step of

the method according to the first aspect of the present disclosure.

[0011] According to a third aspect of the present disclosure, there is provided a

computer-readable medium having computer program codes embodied thereon which,
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when executed on a computer, cause the computer to perform any step of the method

according to the first aspect of the present disclosure.

[0012] According to a fourth aspect of the present disclosure, there is provided an
apparatus which may be implemented as a network node. The apparatus comprises a
determining unit and a transmitting unit. In accordance with some exemplary
embodiments, the determining unit is operable to carry out at least the determining
step of the method according to the first aspect of the present disclosure. The
transmitting unit is operable to carry out at least the transmitting step of the method

according to the first aspect of the present disclosure.

[0013] According to a fifth aspect of the present disclosure, there is provided a
method performed by a terminal device such as a user equipment (UE). The method
comprises receiving, from a network node, information indicating an association
between an SSB and a shared channel occasion (e.g., PUSCH occasion) in a RA
procedure. The association may be based at least in part on configuration of a RA
occasion and the shared channel occasion for an UL message including a preamble
and PUSCH data in the RA procedure. Optionally, the method may further comprise
performing the RA procedure, according to the information received from the

network node.

[0014] According to a sixth aspect of the present disclosure, there is provided an
apparatus which may be implemented as a terminal device. The apparatus comprises
one or more processors and one or more memories comprising computer program
codes. The one or more memories and the computer program codes are configured to,
with the one or more processors, cause the apparatus at least to perform any step of

the method according to the fifth aspect of the present disclosure.

[0015] According to a seventh aspect of the present disclosure, there is provided
a computer-readable medium having computer program codes embodied thereon

which, when executed on a computer, cause the computer to perform any step of the

4



WO 2020/221099 PCT/CN2020/086441

method according to the fifth aspect of the present disclosure.

[0016] According to an eighth aspect of the present disclosure, there is provided
an apparatus which may be implemented as a terminal device. The apparatus
comprises a receiving unit, and optionally a performing unit. In accordance with
some exemplary embodiments, the receiving unit is operable to carry out at least the
receiving step of the method according to the fifth aspect of the present disclosure.
The performing unit is operable to carry out at least the performing step of the

method according to the fifth aspect of the present disclosure.

[0017] In accordance with an exemplary embodiment, the RA procedure may be

the two-step RA procedure.

[0018] In accordance with an exemplary embodiment, the UL message may
comprise message A including a preamble and PUSCH data (e.g., the RA preamble
together with msgA payload).

[0019] In accordance with an exemplary embodiment, UL transmission in the
shared channel occasion may be associated with one or more preambles mapped to

one or more SSBs.

[0020] In accordance with an exemplary embodiment, the shared channel
occasion may be configured with a shared channel on which one or more reception
beams of the network node associated with one or more SSBs may be usable to

receive data transmitted by the terminal device.

[0021] In accordance with an exemplary embodiment, the configuration of the

RA occasion and the shared channel occasion may comprise one of:

* one-to-one mapping of a preamble in the RA occasion to a RU in the

shared channel occasion; and

* multiple-to-one mapping of preambles in the RA occasion to a RU in the

shared channel occasion.



WO 2020/221099 PCT/CN2020/086441

[0022] In accordance with an exemplary embodiment, the association between
the SSB and the shared channel occasion may comprise: mapping of the SSB to a set
of shared channel occasions comprising at least the shared channel occasion. The set
of shared channel occasions may be configured with the same resource in time

domain.

[0023] In accordance with an exemplary embodiment, the SSB may be mapped
to one or more preambles which are in the RA occasion and associated with one or

more RUs in the set of shared channel occasions.

[0024] In accordance with an exemplary embodiment, the association between
the SSB and the shared channel occasion may comprise: mapping of a set of SSBs

comprising the SSB to the shared channel occasion.

[0025] In accordance with an exemplary embodiment, the SSB may be mapped
to at least a part of preambles which are in the RA occasion and associated with at

least one RU 1n the shared channel occasion.

[0026] In accordance with an exemplary embodiment, the set of SSBs may be

configured to enable optimized decoding of UL transmission of the terminal device.

[0027] In accordance with an exemplary embodiment, the set of SSBs may be

configured to have a beam difference higher than a predefined threshold.

[0028] According to a ninth aspect of the present disclosure, there is provided a
method performed by a network node. The method comprises determining
configuration information for a RA procedure (e.g., a two-step RA procedure). The
configuration information indicates a number of one or more SSBs associated with a
RA occasion, and a number of one or more preambles which are in the RA occasion
and associated with shared channel resource for the RA procedure. The method

further comprises transmitting the configuration information to a terminal device.

[0029] In accordance with an exemplary embodiment, the method according to
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the ninth aspect of the present disclosure may further comprise: transmitting signaling
information to the terminal device. The signaling information may indicate an offset
which is usable for determining a start preamble associated with a specific SSB in the

RA occasion.

[0030] In accordance with an exemplary embodiment, the method according to
the ninth aspect of the present disclosure may further comprise: receiving an UL
message (e.g., message A) for RA transmitted by the terminal device. The
transmission of the UL message may use at least one preamble of the one or more
preambles and the associated shared channel resource. The at least one preamble may
be identified by at least one indicator which may be determined based at least in part

on the configuration information.

[0031] According to a tenth aspect of the present disclosure, there is provided an
apparatus which may be implemented as a network node. The apparatus comprises
one or more processors and one or more memories comprising computer program
codes. The one or more memories and the computer program codes are configured to,
with the one or more processors, cause the apparatus at least to perform any step of

the method according to the ninth aspect of the present disclosure.

[0032] According to an eleventh aspect of the present disclosure, there is
provided a computer-readable medium having computer program codes embodied
thereon which, when executed on a computer, cause the computer to perform any step

of the method according to the ninth aspect of the present disclosure.

[0033] According to a twelfth aspect of the present disclosure, there is provided
an apparatus which may be implemented as a network node. The apparatus comprises
a determining unit and a transmitting unit. In accordance with some exemplary
embodiments, the determining unit is operable to carry out at least the determining
step of the method according to the ninth aspect of the present disclosure. The

transmitting unit is operable to carry out at least the transmitting step of the method
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according to the ninth aspect of the present disclosure.

[0034] According to a thirteenth aspect of the present disclosure, there is
provided a method performed by a terminal device such as a UE. The method
comprises receiving configuration information for a RA procedure from a network
node. The configuration information indicates a number of one or more SSBs
associated with a RA occasion, and a number of one or more preambles which are in
the RA occasion and associated with shared channel resource for the RA procedure.
The method further comprises performing the RA procedure, according to the

configuration information received from the network node.

[0035] In accordance with an exemplary embodiment, the method according to
the thirteenth aspect of the present disclosure may further comprise: receiving
signaling information from the network node. The signaling information may indicate
an offset which is usable for determining a start preamble associated with a specific

SSB in the RA occasion.

[0036] In accordance with an exemplary embodiment, the terminal device may

perform the RA procedure by:

* determining at least one indicator for the one or more preambles, based at

least in part on the configuration information; and

* transmitting an UL message for RA to the network node, by using at least
one preamble of the one or more preambles and the associated shared
channel resource, wherein the at least one preamble is identified by the at

least one indicator.

[0037] According to a fourteenth aspect of the present disclosure, there is
provided an apparatus which may be implemented as a terminal device. The
apparatus comprises one or more processors and one or more memories comprising

computer program codes. The one or more memories and the computer program
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codes are configured to, with the one or more processors, cause the apparatus at least
to perform any step of the method according to the thirteenth aspect of the present

disclosure.

[0038] According to a fifteenth aspect of the present disclosure, there is provided
a computer-readable medium having computer program codes embodied thereon
which, when executed on a computer, cause the computer to perform any step of the

method according to the thirteenth aspect of the present disclosure.

[0039] According to a sixteenth aspect of the present disclosure, there is provided
an apparatus which may be implemented as a terminal device. The apparatus
comprises a receiving unit and a performing unit. In accordance with some exemplary
embodiments, the receiving unit is operable to carry out at least the receiving step of
the method according to the thirteenth aspect of the present disclosure. The
performing unit is operable to carry out at least the performing step of the method

according to the thirteenth aspect of the present disclosure.

[0040] In accordance with an exemplary embodiment, the shared channel
resource may comprise shared channel resource units which are frequency division

multiplexed in one or more symbols.

[0041] In accordance with an exemplary embodiment, the number of the one or
more preambles may be equal to an integer multiple of a number of the shared

channel resource units.

[0042] In accordance with an exemplary embodiment, the offset may be equal to
a number of one or more preambles which are configured for another RA procedure

(e.g., a four-step RA procedure) and associated with the specific SSB.

[0043] According to a seventeenth aspect of the present disclosure, there is
provided a method implemented in a communication system which may include a

host computer, a base station and a UE. The method may comprise providing user
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data at the host computer. Optionally, the method may comprise, at the host computer,
initiating a transmission carrying the user data to the UE via a cellular network
comprising the base station which may perform any step of the method according to

any of the first aspect and the ninth aspect of the present disclosure.

[0044] According to an eighteenth aspect of the present disclosure, there is
provided a communication system including a host computer. The host computer may
comprise processing circuitry configured to provide user data, and a communication
interface configured to forward the user data to a cellular network for transmission to
a UE. The cellular network may comprise a base station having a radio interface and
processing circuitry. The base station’s processing circuitry may be configured to
perform any step of the method according to any of the first aspect and the ninth

aspect of the present disclosure.

[0045] According to a nineteenth aspect of the present disclosure, there is
provided a method implemented in a communication system which may include a
host computer, a base station and a UE. The method may comprise providing user
data at the host computer. Optionally, the method may comprise, at the host computer,
initiating a transmission carrying the user data to the UE via a cellular network
comprising the base station. The UE may perform any step of the method according

to any of the fifth aspect and the thirteenth aspect of the present disclosure.

[0046] According to a twentieth aspect of the present disclosure, there is
provided a communication system including a host computer. The host computer may
comprise processing circuitry configured to provide user data, and a communication
interface configured to forward user data to a cellular network for transmission to a
UE. The UE may comprise a radio interface and processing circuitry. The UE’s
processing circuitry may be configured to perform any step of the method according

to any of the fifth aspect and the thirteenth aspect of the present disclosure.

[0047] According to a twenty-first aspect of the present disclosure, there is

10
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provided a method implemented in a communication system which may include a
host computer, a base station and a UE. The method may comprise, at the host
computer, receiving user data transmitted to the base station from the UE which may
perform any step of the method according to any of the fifth aspect and the thirteenth

aspect of the present disclosure.

[0048] According to a twenty-second aspect of the present disclosure, there is
provided a communication system including a host computer. The host computer may
comprise a communication interface configured to receive user data originating from
a transmission from a UE to a base station. The UE may comprise a radio interface
and processing circuitry. The UE’s processing circuitry may be configured to perform
any step of the method according to any of the fifth aspect and the thirteenth aspect of

the present disclosure.

[0049] According to a twenty-third aspect of the present disclosure, there is
provided a method implemented in a communication system which may include a
host computer, a base station and a UE. The method may comprise, at the host
computer, receiving, from the base station, user data originating from a transmission
which the base station has received from the UE. The base station may perform any
step of the method according to any of the first aspect and the ninth aspect of the

present disclosure.

[0050] According to a twenty-fourth aspect of the present disclosure, there is
provided a communication system which may include a host computer. The host
computer may comprise a communication interface configured to receive user data
originating from a transmission from a UE to a base station. The base station may
comprise a radio interface and processing circuitry. The base station’s processing
circuitry may be configured to perform any step of the method according to any of

the first aspect and the ninth aspect of the present disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The disclosure itself, the preferable mode of use and further objectives are
best understood by reference to the following detailed description of the

embodiments when read in conjunction with the accompanying drawings, in which:

[0052] Fig.1A is a diagram illustrating an exemplary four-step RA procedure

according to an embodiment of the present disclosure;

[0053] Fig.1B is a diagram illustrating an exemplary PRACH configuration

according to an embodiment of the present disclosure;

[0054] Figs.1C-1D are diagrams illustrating examples of an association between
an SSB and a PRACH occasion according to some embodiments of the present

disclosure;

[0055] Fig.1E is a diagram 1illustrating an example of mapping between an SSB

and RA preambles according to an embodiment of the present disclosure;

[0056] Fig.1F is a diagram illustrating exemplary preambles per SSB per PRACH

occasion according to an embodiment of the present disclosure;

[0057] Fig.2 is a diagram illustrating an exemplary two-step RA procedure

according to an embodiment of the present disclosure;

[0058] Figs.3A-3F are diagrams illustrating examples of association
configuration for two-step RA according to some embodiments of the present

disclosure;

[0059] Fig.4A is a flowchart illustrating a method according to some

embodiments of the present disclosure;

[0060] Fig.4B i1s a flowchart illustrating another method according to some

embodiments of the present disclosure;

[0061] Fig.5A is a flowchart illustrating another method according to some

12
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embodiments of the present disclosure;

[0062] Fig.5B is a flowchart illustrating yet another method according to some

embodiments of the present disclosure;

[0063] Fig.6 1s a block diagram illustrating an apparatus according to some

embodiments of the present disclosure;

[0064] Fig.7 is a block diagram illustrating another apparatus according to some

embodiments of the present disclosure;

[0065] Fig.8 is a block diagram illustrating yet another apparatus according to

some embodiments of the present disclosure;

[0066] Fig.9 is a block diagram illustrating a telecommunication network
connected via an intermediate network to a host computer in accordance with some

embodiments of the present disclosure;

[0067] Fig.10 is a block diagram illustrating a host computer communicating via
a base station with a UE over a partially wireless connection in accordance with some

embodiments of the present disclosure;

[0068] Fig.11 is a flowchart illustrating a method implemented in a

communication system, in accordance with an embodiment of the present disclosure;

[0069] Fig.12 is a flowchart illustrating a method implemented in a

communication system, in accordance with an embodiment of the present disclosure;

[0070] Fig.13 i1s a flowchart illustrating a method implemented in a
communication system, in accordance with an embodiment of the present disclosure;

and

[0071] Fig.14 1s a flowchart illustrating a method implemented in a

communication system, in accordance with an embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0072] The embodiments of the present disclosure are described in detail with
reference to the accompanying drawings. It should be understood that these
embodiments are discussed only for the purpose of enabling those skilled persons in
the art to better understand and thus implement the present disclosure, rather than
suggesting any limitations on the scope of the present disclosure. Reference
throughout this specification to features, advantages, or similar language does not
imply that all of the features and advantages that may be realized with the present
disclosure should be or are in any single embodiment of the disclosure. Rather,
language referring to the features and advantages is understood to mean that a
specific feature, advantage, or characteristic described in connection with an
embodiment is included in at least one embodiment of the present disclosure.
Furthermore, the described features, advantages, and characteristics of the disclosure
may be combined in any suitable manner in one or more embodiments. One skilled in
the relevant art will recognize that the disclosure may be practiced without one or
more of the specific features or advantages of a particular embodiment. In other
instances, additional features and advantages may be recognized in certain

embodiments that may not be present in all embodiments of the disclosure.

[0073] As used herein, the term “communication network™ refers to a network
following any suitable communication standards, such as new radio (NR), long term
evolution (LTE), LTE-Advanced, wideband code division multiple access
(WCDMA), high-speed packet access (HSPA), and so on. Furthermore, the
communications between a terminal device and a network node in the communication
network may be performed according to any suitable generation communication
protocols, including, but not limited to, the first generation (1G), the second
generation (2G), 2.5G, 2.75G, the third generation (3G), 4G, 4.5G, 5G

communication protocols, and/or any other protocols either currently known or to be

14
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developed in the future.

[0074] The term “network node” refers to a network device in a communication
network via which a terminal device accesses to the network and receives services
therefrom. The network node may refer to a base station (BS), an access point (AP), a
multi-cell/multicast coordination entity (MCE), a controller or any other suitable
device in a wireless communication network. The BS may be, for example, a node B
(NodeB or NB), an evolved NodeB (eNodeB or eNB), a next generation NodeB
(gNodeB or gNB), a remote radio unit (RRU), a radio header (RH), a remote radio

head (RRH), a relay, a low power node such as a femto, a pico, and so forth.

[0075] Yet further examples of the network node comprise multi-standard radio
(MSR) radio equipment such as MSR BSs, network controllers such as radio network
controllers (RNCs) or base station controllers (BSCs), base transceiver stations
(BTSs), transmission points, transmission nodes, positioning nodes and/or the like.
More generally, however, the network node may represent any suitable device (or
group of devices) capable, configured, arranged, and/or operable to enable and/or
provide a terminal device access to a wireless communication network or to provide
some service to a terminal device that has accessed to the wireless communication

network.

[0076] The term “terminal device” refers to any end device that can access a
communication network and receive services therefrom. By way of example and not
limitation, the terminal device may refer to a mobile terminal, a user equipment (UE),
or other suitable devices. The UE may be, for example, a subscriber station, a
portable subscriber station, a mobile station (MS) or an access terminal (AT). The
terminal device may include, but not limited to, portable computers, image capture
terminal devices such as digital cameras, gaming terminal devices, music storage and
playback appliances, a mobile phone, a cellular phone, a smart phone, a tablet, a

wearable device, a personal digital assistant (PDA), a vehicle, and the like.
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[0077] As yet another specific example, in an Internet of things (IoT) scenario, a
terminal device may also be called an IoT device and represent a machine or other
device that performs monitoring, sensing and/or measurements etc., and transmits the
results of such monitoring, sensing and/or measurements etc. to another terminal
device and/or a network equipment. The terminal device may in this case be a
machine-to-machine (M2M) device, which may in a 3rd generation partnership
project (3GPP) context be referred to as a machine-type communication (MTC)

device.

[0078] As one particular example, the terminal device may be a UE
implementing the 3GPP narrow band Internet of things (NB-IoT) standard. Particular
examples of such machines or devices are sensors, metering devices such as power
meters, industrial machinery, or home or personal appliances, e.g. refrigerators,
televisions, personal wearables such as watches etc. In other scenarios, a terminal
device may represent a vehicle or other equipment, for example, a medical instrument
that is capable of monitoring, sensing and/or reporting etc. on its operational status or

other functions associated with its operation.

[0079] As used herein, the terms “first”, “second” and so forth refer to different
elements. The singular forms “a” and “an” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. The terms “comprises”,
“comprising”, “has”, “having”, “includes™ and/or “including™ as used herein, specity
the presence of stated features, elements, and/or components and the like, but do not
preclude the presence or addition of one or more other features, elements,
components and/or combinations thereof. The term “based on” is to be read as “based
at least in part on”. The term “one embodiment” and “an embodiment™ are to be read
as “at least one embodiment”. The term “another embodiment™ is to be read as “at

least one other embodiment”. Other definitions, explicit and implicit, may be

included below.
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[0080] Wireless communication networks are widely deployed to provide various
telecommunication services such as voice, video, data, messaging and broadcasts. As
described previously, in order to connect to a network node such as a gNB in a
wireless communication network, a terminal device such as a UE may need to
perform a RA procedure to exchange essential information and messages for

communication link establishment with the network node.

[0081] Fig.1A is a diagram illustrating an exemplary four-step RA procedure
according to an embodiment of the present disclosure. As shown in Fig.1A, a UE can
detect a synchronization signal (SS) by receiving 101 an SSB (e.g., a primary
synchronization signal (PSS), a secondary synchronization signal (SSS), and physical
broadcast channel (PBCH)) from a gNB. The UE can decode 102 some system
information (e.g., remaining minimum system information (RMSI) and other system
information (OSI)) broadcasted in the downlink (DL). Then the UE can transmit 103
a PRACH preamble (messagel/msgl) in the uplink (UL). The gNB can reply 104
with a random access response (RAR, message2/msg?). In response to the RAR, the
UE can transmit 105 the UE’s identification information (message3/msg3) on
physical uplink shared channel (PUSCH). Then the gNB can send 106 a contention
resolution message (CRM, message4/msg4) to the UE.

[0082] In this exemplary procedure, the UE transmits message3/msg3 on PUSCH
after receiving a timing advance command in the RAR, allowing message3/msg3 on
PUSCH to be received with timing accuracy within a cyclic prefix (CP). Without this
timing advance, a very large CP may be needed in order to be able to demodulate and
detect message3/msg3 on PUSCH, unless the communication system is applied in a
cell with very small distance between the UE and the gNB. Since a NR system can
also support larger cells with a need for providing a timing advance command to the

UE, the four-step approach is needed for the RA procedure.
[0083] In the NR system, the time and frequency resource on which a PRACH
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preamble is transmitted can be defined as a PRACH occasion. Different PRACH
configurations may be specified for FR1 (Frequency Range 1) paired spectrum, FR1
unpaired spectrum and FR2 (Frequency Range 2) with unpaired spectrum,
respectively. The specified PRACH configuration can be maintained in a PRACH
configuration table. The time resource and preamble format for PRACH transmission
can be configured by a PRACH configuration index, which indicates a row in a
PRACH configuration table. For example, at least part of PRACH configurations for

preamble format O for FR1 unpaired spectrum is shown in Table 1.

Table 1
PRACH Preamble | ;. mod x=y| Subframe | Starting | Number of N RAstet NfA
Configuration | format number symbol PRACH ’ "y
Index slots number of PRACH
within a time-domain duration
X y subframe PRACH
occasions
within a
PRACH slot
0 0 16 1 9 0 - - 0
1 0 8 1 9 0 - - 0
2 0 4 1 9 0 - - 0
3 0 2 0 9 0 - - 0
4 0 2 1 9 0 - - 0
5 0 2 0 4 0 - - 0
6 0 2 1 4 0 - - 0
7 0 1 0 9 0 - - 0
8 0 1 0 8 0 - - 0
9 0 1 0 7 0 - - 0
10 0 1 0 6 0 - - 0
11 0 1 0 5 0 - - 0
12 0 1 0 4 0 - - 0
13 0 1 0 3 0 - - 0
14 0 1 0 2 0 - - 0
15 0 1 0 1,6 0 0
16 0 1 0 1,6 7 - - 0
17 0 1 0 4,9 0 - - 0
18 0 1 0 3,8 0 - - 0
19 0 1 0 2,7 0 - - 0
20 0 1 0 8,9 0 - - 0
21 0 1 0 4,8,9 0 - - 0
22 0 1 0 3,49 0 - - 0
23 0 1 0 78,9 0 - - 0
24 0 1 0 3,4,8,9 0 - - 0
25 0 1 0 6,7,8,9 0 - - 0
26 0 1 0 1,4,6,9 0 - - 0
27 0 1 0 1,3,5,7,9 0 - - 0
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[0084] In Table 1, the value of x indicates the PRACH configuration period in
number of system frames, and the value of y indicates the system frame within each
PRACH configuration period on which the PRACH occasions are configured. For
instance, if y 1s set to O, then it means that PRACH occasions are only configured in
the first frame of each PRACH configuration period. The value in the column
“Subframe number” tells on which subframes PRACH occasions are configured. The

value in the column “Starting symbol™ is the symbol index.

[0085] In the case of time division duplexing (TDD), semi-statically configured
DL parts and/or actually transmitted SSBs can override and invalidate some
time-domain PRACH occasions defined in the PRACH configuration table. More
specifically, PRACH occasions in the UL part are always valid, and a PRACH
occasion within a certain part (e.g., a part with flexible symbols within a NR slot) is
valid as long as it does not precede or collide with an SSB in the RACH slot and
there are at least N symbols after the DL part and the last symbol of an SSB. For
example, N may be set as 0 or 2, depending on the PRACH format and subcarrier

spacing.

[0086] Fig.1B is a diagram illustrating an exemplary PRACH configuration
according to an embodiment of the present disclosure. In the frequency domain, a NR
system can support multiple frequency-multiplexed PRACH occasions on the same
time-domain PRACH occasion. This is mainly motivated by the support of analog
beam sweeping in the NR system such that the PRACH occasions associated to one
SSB are configured at the same time instance but different frequency locations. As
shown in Fig.1B, the number of PRACH occasions frequency-division multiplexed
(FDMed) in one time domain PRACH occasion may be 1, 2, 4, or 8, and the PRACH
configuration period may be 10ms, 20ms, 40ms, 80ms or 160ms. As mentioned
previously, a row in a PRACH/RACH configuration table can specify the

time-domain PRACH occasion pattern for one PRACH configuration period.
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[0087] In accordance with an exemplary embodiment, there are up to 64
sequences that can be used as RA preambles per PRACH occasion in each cell. The
radio resource control (RRC) parameter such as totalNumberOfRA-Preambles can be
used to determine how many of these 64 sequences are used as RA preambles per
PRACH occasion in each cell. The 64 sequences may be configured by including
firstly all the available cyclic shifts of a root Zadoff-Chu sequence, and secondly in
the order of increasing root index, until 64 preambles have been generated for the

PRACH occasion.

[0088] According to some exemplary embodiments, there may be an association
between an SSB and a PRACH occasion. For example, one-to-one association
between an SSB and a PRACH occasion (e.g., one SSB per PRACH occasion) can be
supported in the NR system. Similarly, one-to-many and/or many-to-one association

between SSB(s) and PRACH occasion(s) can also be supported in the NR system.

[0089] Figs.1C-1D are diagrams illustrating examples of an association between
an SSB and a PRACH occasion according to some embodiments of the present
disclosure. In the example of one SSB per PRACH occasion as shown in Fig.1C,
SSBO, SSB1, SSB2 and SSB3 are associated with four different PRACH occasions,
respectively. In the example of two SSBs per PRACH occasion as shown in Fig.1D,
SSBO and SSB1 are associated with a PRACH occasion, and SSB2 and SSB3 are
associated with another PRACH occasion. It can be appreciated that the association
between an SSB and a PRACH occasion as shown in Fig.1C or Fig.1D is just as an
example, and other suitable association between an SSB and a PRACH occasion with

a proper PRACH preamble format may also be implemented.

[0090] In accordance with an exemplary embodiment, a gNB uses different SSB
beams to transmit the respective SSBs to a UE. In response to reception of the SSBs

from the gNB, the UE detects the best SSB beam, and select a PRACH preamble
from one or more PRACH preambles mapped to the corresponding SSB. Then the
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UE can send the selected PRACH preamble to the gNB in an associated PRACH
occasion. When the gNB detects the PRACH preamble transmitted from the UE,
according to the association between the PRACH preamble and the corresponding
SSB mapped to the SSB beam, the best SSB beam for this UE is known indirectly by
the gNB, so that the best SSB beam can be used for transmitting/receiving signals

to/from this UE.

[0091] In accordance with some exemplary embodiments, the preambles
associated to each SSB can be configured by two RRC parameters
ssb-perRACH-OccasionAndCB-PreamblesPerSSB and totalNumberOfRA-Preambles,
which may be indicated by an information element (IE) such as
RACH-ConfigCommon in a system information block (e.g., SIB1). A specific rule
may be defined for mapping an SSB to RA preambles. For example, a UE may be
provided with a number N of SSBs associated to one PRACH occasion and a number
R of contention based (CB) preambles per SSB per valid PRACH occasion by
parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB. If N<1, one SSB is
mapped to 1/N consecutive valid PRACH occasions and R contention based
preambles with consecutive indexes associated with the SSB per valid PRACH
occasion start from preamble index 0. If N >1, R contention based preambles with

consecutive indexes associated with SSB n, 0<n<N-1, per valid PRACH

. . Nt 1 tal :
occasion start from preamble index 7+ Ncupe / N, where Np(r’ezmble is provided by

parameter fotalNumberOfRA-Preambles and 1s an integer multiple of V.

[0092] Fig.1E is a diagram illustrating an example of mapping between an SSB
and RA preambles according to an embodiment of the present disclosure. In this
example, the number of PRACH slots in one PRACH configuration period is 2, the
number of PRACH occasions in one PRACH slot is 4, and the number of SSBs in
one PRACH occasion is 2. As shown in Fig.1E, the mapping between an SSB and

PRACH preambles may be done by consecutively associating M preambles to each
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SSB, where M = It)‘r)ézinble / N . For instance, the preambles can be taken as follows:

- first, in increasing order of preamble indexes within a single PRACH

occasion;

- second, in increasing order of frequency resource indexes for frequency

multiplexed PRACH occasions; and

- third, in increasing order of time.

[0093] Fig.1F is a diagram illustrating exemplary preambles per SSB per PRACH
occasion according to an embodiment of the present disclosure. In this embodiment,
for each SSB, the associated preambles per PRACH occasion are further divided into
two sets for contention based random access (CBRA) and contention free random
access (CFRA). The number of contention based (CB) preambles per SSB per
PRACH occasion may be signaled by a RRC parameter such as
CB-preambles-per-SSB. Preamble indices for CBRA and CFRA are mapped

consecutively for one SSB in one PRACH occasion, as shown in Fig.1F.

[0094] Fig.2 is a diagram illustrating an exemplary two-step RA procedure
according to an embodiment of the present disclosure. Similar to the procedure as
shown in Fig.1A, in the procedure shown in Fig.2, a UE can detect a SS by receiving
201 an SSB (e.g., comprising a PSS, a SSS and PBCH) from a gNB, and decode 202
system information (e.g., remaining minimum system information (RMSI) and other
system information (OSI)) broadcasted in the DL. Compared to the four-step
approach as shown in Fig.1A, the UE performing the procedure in Fig.2 can complete
random access in only two steps. Firstly, the UE sends 203a/203b to the gNB a
message A (msgA) including RA preamble together with higher layer data such as a
RRC connection request possibly with some payload on PUSCH. Secondly, the gNB
sends 204 to the UE a RAR (also called message B or msgB) including UE identifier

assignment, timing advance information, a contention resolution message, and etc.
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[0095] In order to distinguish the legacy UEs performing the four-step RA
procedure from the UEs performing the two-step RA procedure, separate PRACH
resources (defined by ROs and preamble sequences) can be configured for the
two-step RA procedure and the four-step RA procedure. In the two-step RA
procedure, the preamble and msgA PUSCH (also called msgA payload) can be
transmitted by the UE in one message called message A. The number of preambles
(e.g., one or multiple preambles) mapped to one PUSCH resource unit (RU) may be
configurable. The PUSCH RU for two-step RA can be defined as the PUSCH
occasion (PO) and at least one of demodulation reference signal (DMRS) port and

DMRS sequence usable for the msgA payload transmission.

[0096] Some agreement may be made regarding the mapping between a preamble
in a RO and a PUSCH RU for two-step RA. For example, the network may have the

flexibility to support at least one of the following options:

* Option I: one-to-one mapping between a preamble in a RO and a RU in an

associated PO;

* Option II: one-to-multiple mapping between a preamble in a RO and RUs

in an associated PO; and

e Option III: multiple-to-one mapping between preambles in a RO and a RU

in an associated PO.

[0097] For four-step RA, the preambles within a single RO may be associated to
different SSBs (as shown in Fig.1E), with each SSB pointing to a different beam
direction. For two-step RA, the SSB to preamble and RO mapping may be different
for different mapping schemes applied between a RA preamble in a RO and the
associated PUSCH RU. Without a careful design of the RA preamble to PUSCH RU
mapping, multiple PUSCH transmissions in different transmission (TX) beam
directions may be multiplexed in the same PO, or these PUSCH transmissions may

be mapped to different POs that are FDMed at the same time instance. Both cases
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may result in a multi-beam reception issue for PUSCH decoding at the network node,
especially when analog beamforming is utilized. In the case of digital beamforming,
multiple reception (RX) beams can be used to receive signals at the same time, but
when multiple transmissions using the beams with a small beam difference are
located on the same occasion, there may be a high collision issue. Therefore, for the
two-step RA procedure, it may be desirable to map an SSB to RA preambles
associated with PUSCH RU adaptively, according to the configuration (e.g., Option I,
Option II or Option III) of the association between a preamble in a RO and a PUSCH
RU.

[0098] In the proposed solution according to some exemplary embodiments, a
network node can indicate an association between signaling transmissions for a
two-step RA procedure to a terminal device. In accordance with an exemplary
embodiment, the proposed solution may allow a gNB to inform a UE of the SSB to
PO associated RO mapping for a two-step RA procedure. In accordance with some
exemplary embodiments, the association between signaling transmissions for the
two-step RA procedure may be adaptive to configuration of RA resource and shared
channel resource for an uplink message (such as message A containing the preamble
and PUSCH payload) for RA. For example, according to the mapping of a preamble
in a RO and a RU in a PO, a PO associated SSB can be mapped adaptively to one or
more preambles in the associated RO. The proposed solution can minimize reserved
resource overhead and improve the decoding performance of the PUSCH
transmissions on the same PO (especially for analogue beamforming), while
providing the flexibility for the SSB to RO and preamble mapping and the preamble
to PUSCH RU mapping.

[0099] Figs.3A-3F are diagrams illustrating examples of association
configuration for two-step RA according to some embodiments of the present

disclosure. The exemplary association configuration shown in Fig.3A is for the case
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of Option I where one-to-one mapping is applied between a preamble in a RO and a
RU in a PO. In accordance with an exemplary embodiment, the SSB to RO and
preamble mapping rule may be defined, for example, to map the preambles in one
RO associated with all the PUSCH RUs in one time domain PO to one SSB, so that
multiple UEs with the same or similar beam direction can be grouped into one time
domain PO indirectly, because the UEs which detect the SSB beam in this direction
as the best beam may select the associated preambles for msgA preamble
transmission. This exemplary SSB to RO and preamble mapping rule makes it
possible for a gNB to receive a group of UEs in their common best direction in one
time domain PO, especially when analogue beamforming is used. Here the time
domain PO may comprise one or more POs (e.g., frequency domain POs) which can

be FDMed at one time instance.

[00100] Fig.3A provides an example where 16 POs with 16 RUs for each PO are
defined, 8 SSBs are transmitted in one cell and 4 ROs are time-frequency multiplexed
in one PRACH slot. As shown in Fig.3A, 16 preambles mapped to one SSB1 (=0, 1,
2, ..., 7) in one RO can be mapped to one POm (m=0, 2, 4, ..., 14), and the other 16
preambles for this SSBi in this RO are mapped to other POn (n=1, 3, 5, ..., 15)
multiplexed with POm in frequency domain. POm and POn can be regarded as a time
domain PO as a whole. According to the SSB beam associated preamble to PO
mapping as shown in Fig.3A, a single SSB beam is mapped to 2 POs with 16 RUs per
PO, and 16 preambles are mapped to one PO with one preamble mapped to one RU.

[00101] The exemplary association configuration shown in Fig.3B is for the case
of Option II where one-to-multiple mapping is applied between a preamble in a RO
and RUs in a PO. In accordance with an exemplary embodiment, the SSB to RO and
preamble mapping rule may be defined, for example, to map the preambles in one
RO associated with all the PUSCH RUs in one time domain PO to one SSB, so that

multiple UEs with the same or similar beam direction can be grouped into one time
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domain PO indirectly, because the UEs which detect the SSB beam in this direction
as the best beam may select the associated preambles for msgA preamble
transmission. This exemplary SSB to RO and preamble mapping rule is similar to the

rule used for the case of Option L.

[00102] Fig.3B provides an example similar to Fig.3A except that 32 RUs are
configured in one PO and one preamble is mapped to 2 RUs. According to the SSB
beam associated preamble to PO mapping as shown in Fig.3B, a single SSB beam is
mapped to 2 POs with 32 RUs per PO, and 16 preambles are mapped to one PO with
one preamble mapped to 2 RUs.

[00103] It can be appreciated that the configuration for one-to-multiple mapping
of a SSB to POs as shown in Fig.3A or Fig.3B is just as an example, and other
suitable association between an SSB and a PO (e.g., one-to-one mapping or
multiple-to-one mapping) can also be implemented with the proper mapping of a

preamble to a RU.

[00104] The exemplary association configuration shown in Fig.3C is for the case
of Option III where multiple-to-one mapping is applied between preambles in a RO
and a RU in a PO. In this case, the multiple preambles mapped to one RU in one PO
may be associated to one or more SSBs depending on whether multiple RX beams
are allowed in one PO. In accordance with an exemplary embodiment where one
beam for one PO is supported, the SSB to PO mapping is one-to-one mapping to
make sure that the single beam requirement is met. In this case, the SSB to RO and
preamble mapping rule may be defined, for example, to map multiple preambles
associated with the same PUSCH RU (e.g., the RU(s) in the same PO, or in different
POs FDMed at the same time instance) to the same SSB, especially for the case that

the analogue beamforming is applied.

[00105] Fig.3C provides an example similar to Fig.3A except that 32 preambles

are mapped to one RU and only one PO is configured in one time instance in this case.
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According to the SSB beam associated preamble to PO mapping as shown in Fig.3C,
a single SSB beam is mapped to one PO with one RU per PO.

[00106] In accordance with an exemplary embodiment where multiple beams for
one PO are supported, the SSB to PO mapping can be multiple-to-one mapping to
reduce the reserved PUSCH resource overhead. In this case, the SSB to RO and
preamble mapping rule may be defined, for example, to map multiple preambles
associated with the same PUSCH RU (e.g., the RU(s) in the same PO, or in different
POs FDMed at the same time instance) to different SSBs.

[00107] Fig.3D provides an example similar to Fig.3C except that 2 SSBs (and 2
SSB beams) are associated with one RU in one PO and only 4 POs are configured
with one PO per time instance in this case. According to the SSB beam associated
preamble to PO mapping as shown in Fig.3D, the multiple SSB beams are mapped to
one PO with one RU per PO.

[00108] In accordance with some exemplary embodiments, a network node such
as gNB can optimize which SSB beams to be associated with one PO, enabling best
decoding performance of PUSCHs transmitted with different beams but on the same
PO. The optimized association can be done by selecting an SSB beam sweeping order
(SSB beam direction to SSB index mapping) at the network node, such that by
following the SSB to RO and preamble mapping rule, as well as the preamble to PO
and RU mapping rule, the SSB beams that are associated with the same PO can
enable good PUSCH decoding performance. According to an exemplary embodiment,
preambles associated with SSB beams which are not so close to each other can be
grouped into one PO. For example, in Fig.3D, if SSBO and SSB1 have a beam
difference larger than a predefined threshold, then SSBO and SSB1 can be grouped to
be mapped to one PO such as POO via mapping SSBO and SSB1 to the left bottom
RO in the PRACH slot shown in Fig.3D.

[00109] It can be appreciated that the association configuration for one-to-one
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mapping of a SSB to a PO as shown in Fig.3C and multiple-to-one mapping of SSBs
to a PO as shown in Fig.3D are just as examples, and other suitable association
between an SSB and a PO (e.g., one-to-multiple mapping) can also be implemented

with the proper mapping of a preamble to a RU.

[00110] In accordance with some exemplary embodiments, flexible mapping
configuration can support a variable number of SSBs and variable PUSCH RU size.
The spectral efficiency of msgA PUSCH is expected to be generally substantially less
than dynamically scheduled PUSCH (e.g., in four-step RA), since the network
normally may not apply link adaptation to msgA PUSCH transmission. Therefore,
msgA resource and payload size are conservative, assuming relatively poor channel
conditions even when UEs are in good channel conditions. This means that it is
desirable to control the number of PUSCH resource units such that they are not over
used. A possible way to do this is to have fine granularity in the number of physical
resource blocks (PRBs) allocated to POs. For example, the number of POs needs to
be set as any non-zero integer up to some limit, such as the number of POs that can fit

in an active bandwidth part.

[00111] Fig.3E provides an exemplary PO configuration in which there are 12 POs,
each occupying K=2 PRBs in frequency and 3 orthogonal frequency division
multiplexing (OFDM) symbols. As shown in Fig.3E, each PO contains two PUSCH
RUs, and each of the PUSCH RUs is associated with a distinct DMRS transmission.
The distinct DMRS transmission can be a DMRS antenna port, a DMRS with a
different sequence initialization (or equivalently a different DMRS scrambling ID), or
a combination of a DMRS antenna port and a DMRS sequence initialization. For
example, PUSCH RUs 0, 2, 4, 6, 8, and 10 may correspond to a first DMRS port
while PUSCH RUs 1, 3, 5, 7, 9, and 11 may correspond to a second DMRS port.
Each PUSCH RU can map to one or multiple preambles. In this example, PUSCH
RUs 0 and 1 correspond to PRACH preambles {0, 6} and {3, 9}, respectively. The

28



WO 2020/221099 PCT/CN2020/086441

POs that are frequency division multiplexed in a given OFDM symbol set may
correspond to a particular SSB. In the example of Fig.3E, POs occupying symbols 0
to 2 correspond to SSBO, while those occupying symbols 2 to 5 correspond to SSB1,
etc. There are 12 preambles associated with the PUSCH RUs corresponding to each
SSB. The four different sets of POs in different OFDM symbol sets can be said to
form a “msgA PUSCH slot” or “PUSCH group”.

[00112]  Since there may be maximum 64 preambles that need to be mapped to
msgA PUSCH RUs, restricting the number of POs per OFDM symbol to be a power
of two can be considered to simplify the preamble to PUSCH RU mapping.
However, allowing non-power of two PUSCH RUs per OFDM symbol can improve
resource efficiency if fewer POs are needed. For example, if 3 POs per OFDM

symbol is allowed instead of restricting to 4, 25% less PUSCH resource is needed.

[00113] In accordance with some exemplary embodiments, the number of PRACH
preambles may be much larger than the number of POs since preambles use relatively
little time-frequency resource compared to PUSCH. Therefore, there can be more
PRACH preambles in a RO than there are PUSCH RUs that correspond to the RO.
This can be seen in the exemplary RO to PO mapping shown in Fig.3F.

[00114] In the example of Fig.3F, preambles in a first RO are mapped to SSBO
and SSB1, while those in a second RO are mapped to SSB2 and SSB3. Since there
are 6 PUSCH RUs per SSB and 2 PRACHs are mapped to each PUSCH RU (as
shown in Fig.3E), 12 preambles are needed for each SSB. Therefore, only 24 out of
64 preambles in a RO are needed to support the msgA PUSCH slot in this example.
It can be observed that an integer number of preambles cannot be mapped to 12
PUSCH RUs such that there are 64 preambles. Therefore, a mechanism is needed to
map a subset of preambles in a RO to PUSCH RUs. The mechanism may also allow
PUSCH RUs to be mapped to different SSBs and can also support the case where

multiple preambles are mapped to a PUSCH RU. Furthermore, since some preambles
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may be used for four-step contention based operation (e.g., Rel-15 contention based
operation) and these preambles typically start at preamble index n - N;%Zﬁnble /N, a
way for two-step RA to use preambles not in use by the four-step contention based

operation is needed.

[00115] In accordance with an exemplary embodiment, a UE can determine
PRACH resource (e.g., PRACH preambles) associated with PUSCH RUs in a RA
procedure such as a two-step RA procedure. For example, the UE can receive, from a
gNB, signaling identifying a number N of SSBs associated with one RO and a
number of preambles R’. According to an embodiment, R’ is equal to an integer
multiple of a number of the PUSCH RUs that are frequency division multiplexed in
an OFDM symbol set. For the case of N > 1, the UE can determine a start of
consecutive PRACH resource associated to an SSB with index n, as a preamble index

Ngeare, fOr example, by the following formula:

Nstare = N Nzgggggnble/lv + NA (1)

where N2Lat 1. is a number of preambles in a RO, which is an integer multiple of

N, and N, is an integer, where 0 < Ny < Nj2bar ,1./N, which indicates an offset
related to the start preamble. In some embodiments, N, may be signaled to the UE
in higher layer signaling from the gNB. The UE can determine the preambles

associated with the PUSCH RUs as those with indices np, that satisfy:
Nstart = Npa < Nstart + R’ (2)

Then the UE can transmit a preamble of the preambles associated with a PUSCH RU
and transmit the PUSCH data in the PUSCH RU during the RA procedure.

[00116] In accordance with an exemplary embodiment where N < 1, the UE can
determine the start of consecutive PRACH resource (e.g., preambles) associated to an

SSB with index n, as a preamble index ng .+ = Np. In accordance with some
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exemplary embodiments, N, is the number R of contention based preambles per
SSB per valid RO identified by a higher layer parameter such as
ssb-perRACH-OccasionAndCB-PreamblesPerSSB defined for four-step RA.

[00117] It will be realized that parameters, variables and settings related to the
signaling transmission and resource allocation described herein are just examples.
Other suitable message settings, the associated configuration parameters and the

specific values thereof may also be applicable to implement the proposed methods.

[00118] It is noted that some embodiments of the present disclosure are mainly
described in relation to 5G or NR specifications being used as non-limiting examples
for certain exemplary network configurations and system deployments. As such, the
description of exemplary embodiments given herein specifically refers to terminology
which is directly related thereto. Such terminology is only used in the context of the
presented non-limiting examples and embodiments, and does naturally not limit the
present disclosure in any way. Rather, any other system configuration or radio
technologies may equally be utilized as long as exemplary embodiments described

herein are applicable.

[00119] Fig4A is a flowchart illustrating a method 410 according to some
embodiments of the present disclosure. The method 410 illustrated in Fig.4A may be
performed by a network node or an apparatus communicatively coupled to the
network node. In accordance with an exemplary embodiment, the network node may
comprise a base station such as gNB. The network node can be configured to
communicate with one or more terminal devices such as UEs which may be able to

support one or more RA approaches such as two-step RA and/or four-step RA.

[00120]  According to the exemplary method 410 illustrated in Fig.4A, the network
node can determine an association between a DL transmission and an UL
transmission (e.g., an association between an SSB and a shared channel occasion) in

a RA procedure, based at least in part on configuration of RA resource (e.g., a RA
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occasion) and shared channel resource (e.g., the shared channel occasion) for an UL
message (e.g. a message including a preamble and PUSCH data) in the RA procedure,
as shown in block 412. In accordance with some exemplary embodiments, the UL
message in the RA procedure may comprise message A including a preamble and
PUSCH data (e.g., msgA payload). The RA procedure may be a two-step RA
procedure. The network node can transmit information indicating the association to a
terminal device, as shown in block 414. For example, the information indicating the
association may be carried in a broadcast information block (such as SIBI)
transmitted to the terminal device from the network node. Optionally, the terminal
device may use the information indicating the association between the SSB and the
shared channel occasion in the RA procedure to implement accessing to the network

node.

[00121] Fig4B 1s a flowchart illustrating a method 420 according to some
embodiments of the present disclosure. The method 420 illustrated in Fig.4B may be
performed by a terminal device or an apparatus communicatively coupled to the
terminal device. In accordance with an exemplary embodiment, the terminal device
such as a UE can be configured to communicate with a network node such as gNB by

supporting one or more RA approaches such as two-step RA and/or four-step RA.

[00122]  According to the exemplary method 420 illustrated in Fig.4B, the terminal
device may receive, from a network node (such as the network node described with
respect to Fig.4A), information indicating an association between a DL transmission
and an UL transmission (e.g., an association between an SSB and a shared channel
occasion) in a RA procedure, as shown in block 422. The association may be based at
least in part on configuration of RA resource (e.g. a RA occasion) and shared channel
resource (e.g. the shared channel occasion) for an UL message (e.g., message A or
msgA described in connection with Fig.2) in the RA procedure (e.g., a two-step RA

procedure). Optionally, the terminal device may perform the RA procedure,

32



WO 2020/221099 PCT/CN2020/086441

according to the information received from the network node, as shown in block 424.

[00123] In accordance with some exemplary embodiments, the association
between the DL transmission and the UL transmission may comprise an association
between an SSB and a random access occasion (e.g., a PRACH occasion).
Additionally or alternatively, the association between the DL transmission and the
UL transmission may comprise an association between a SSB and a shared channel

occasion (e.g., a PUSCH occasion).

[00124]  In accordance with an exemplary embodiment, the UL transmission in the
same shared channel occasion may be associated with one or more preambles
mapped to one or more SSBs. For example, the UL shared channel data transmission

in the same PO can be associated to the preambles mapped to same or different SSBs.

[00125] In accordance with some exemplary embodiments, the configuration of

the RA occasion and the shared channel occasion may comprise one of:

* one-to-one mapping of a preamble in the RA occasion to a RU in the

shared channel occasion (e.g., the configuration as shown in Fig.3A);

* multiple-to-one mapping of preambles in the RA occasion to a RU in the
shared channel occasion (e.g., the configuration as shown in Fig.3C and

Fig.3D); and

* one-to-multiple mapping of a preamble in the RA occasion to RUs in the

shared channel occasion (e.g., the configuration as shown in Fig.3B).

[00126] In accordance with some exemplary embodiments, the association
between the SSB and the shared channel occasion may comprise: mapping of the
SSB to a set of shared channel occasions comprising at least the shared channel
occasion (e.g., the configuration as shown in Figs.3A-3C). In this case, the set of
shared channel occasions may be configured with the same resource in time domain.

In an embodiment, the SSB may be mapped to one or more preambles which are in
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the RA occasion and associated with one or more RUs 1in the set of shared channel

occasions.

[00127] In accordance with some exemplary embodiments, the association
between the SSB and the shared channel occasion may comprise: mapping of a set of
SSBs comprising the SSB to the shared channel occasion. In this case, the SSB may
be mapped to one or more preambles which are in the RA occasion and associated
with one or more RUs in the shared channel occasion (e.g., the configuration as

shown in Fig.3D).

[00128] In accordance with some exemplary embodiments, the set of SSBs may be
configured to enable optimized decoding of UL transmission of the terminal device.
Optionally, the set of SSBs may be configured to have a beam difference higher than
a predefined threshold.

[00129] In accordance with some exemplary embodiments, the shared channel
occasion may be configured with a shared channel on which one or more reception
beams of the network node associated with one or more SSBs are usable to receive

data transmitted by the terminal device.

[00130] Fig.5A is a flowchart illustrating a method 510 according to some
embodiments of the present disclosure. The method 510 illustrated in Fig.5A may be
performed by a network node or an apparatus communicatively coupled to the
network node. In accordance with an exemplary embodiment, the network node may
comprise a base station such as gNB. The network node can be configured to
communicate with one or more terminal devices such as UEs which may be able to

support one or more RA approaches such as two-step RA and/or four-step RA.

[00131]  According to the exemplary method 510 illustrated in Fig.5A, the network
node can determine configuration information for a RA procedure, as shown in block
512. In accordance with some exemplary embodiments, the configuration information

may indicate a number of one or more SSBs associated with a RA occasion, and a
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number of one or more preambles which are in the RA occasion and associated with
shared channel resource for the RA procedure. According to an exemplary
embodiment, the RA procedure may be a two-step RA procedure. The network node
can transmit the configuration information to a terminal device, as shown in block
514. Optionally, the terminal device may use the configuration information to

implement accessing to the network node.

[00132] In accordance with some exemplary embodiments, the network node can
transmit signaling information to the terminal device. The signaling information may
indicate an offset which is usable for determining a start preamble associated with a

specific SSB in the RA occasion.

[00133]  Optionally, the network node may receive an UL message (e.g., message
A or msgA described in connection with Fig.2) for RA transmitted by the terminal
device. The transmission of the UL message may use at least one preamble of the one
or more preambles and the associated shared channel resource. The at least one
preamble may be identified by at least one indicator which may be determined based

at least in part on the configuration information.

[00134] Fig.5B i1s a flowchart illustrating a method 520 according to some
embodiments of the present disclosure. The method 520 illustrated in Fig.5B may be
performed by a terminal device or an apparatus communicatively coupled to the
terminal device. In accordance with an exemplary embodiment, the terminal device
such as a UE can be configured to communicate with a network node such as gNB by

supporting one or more RA approaches such as two-step RA and/or four-step RA.

[00135]  According to the exemplary method 520 illustrated in Fig.5B, the terminal
device may receive configuration information for a RA procedure from a network
node (such as the network node described with respect to Fig.5A), as shown in block
522. The configuration information may indicate a number of one or more SSBs

associated with a RA occasion, and a number of one or more preambles which are in
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the RA occasion and associated with shared channel resource for the RA procedure
(e.g., a two-step RA procedure). Optionally, the terminal device may perform the RA
procedure, according to the configuration information received from the network

node, as shown in block 524.

[00136] In accordance with some exemplary embodiments, the shared channel
resource may comprise shared channel resource units which are frequency division

multiplexed in one or more symbols (e.g., OFDM symbols).

[00137] In accordance with some exemplary embodiments, the number of the one
or more preambles may be equal to an integer multiple of a number of the shared

channel resource units.

[00138] In accordance with some exemplary embodiments, the terminal device
can receive signaling information from the network node. The signaling information
may indicate an offset which is usable for determining a start preamble associated

with a specific SSB in the RA occasion.

[00139] In accordance with some exemplary embodiments, the offset may be
equal to a number of one or more preambles which are configured for another RA

procedure (e.g., a four-step RA procedure) and associated with the specific SSB.

[00140] In accordance with some exemplary embodiments, the terminal device
may perform the RA procedure by determining at least one indicator for the one or
more preambles, based at least in part on the configuration information, for example,

according to formula (1) and formula (2).

[00141] In accordance with some exemplary embodiments, the terminal device
may perform the RA procedure further by transmitting an UL message (e.g., message
A or msgA described in connection with Fig.2) for RA to the network node, through
using at least one preamble of the one or more preambles and the associated shared

channel resource. The at least one preamble may be identified by the determined at
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least one indicator (such as a preamble index ngy).

[00142]  The proposed solution according to one or more exemplary embodiments
can enable an association between a DL transmission and an UL transmission (e.g. an
association between an SSB and a shared channel occasion) based at least in part on a
specified configuration rule for a RA procedure such as a two-step RA procedure. In
some exemplary embodiments, according to the mapping configuration of PRACH
resource (e.g., one or more preambles per RO) and PUSCH resource (e.g., one or
more RUs per PO) for msgA transmission in the two-step RA procedure, the
association between the DL transmission and the UL transmission (e.g., the SSB to
RO and msgA preamble as well as PO mapping) can be determined for the two-step
RA procedure. Various configuration rules and parameters may be used for the SSB
to PO mapping to support application of beamforming in the two-step RA procedure,
so as to improve flexibility of transmission configuration and performance of

signaling processing, and enhance resource utilization.

[00143]  The various blocks shown in Figs.4A-5B may be viewed as method steps,
and/or as operations that result from operation of computer program code, and/or as a
plurality of coupled logic circuit elements constructed to carry out the associated
function(s). The schematic flow chart diagrams described above are generally set
forth as logical flow chart diagrams. As such, the depicted order and labeled steps are
indicative of specific embodiments of the presented methods. Other steps and
methods may be conceived that are equivalent in function, logic, or effect to one or
more steps, or portions thereof, of the illustrated methods. Additionally, the order in
which a particular method occurs may or may not strictly adhere to the order of the

corresponding steps shown.

[00144] Fig.6 is a block diagram illustrating an apparatus 600 according to various
embodiments of the present disclosure. As shown in Fig.6, the apparatus 600 may

comprise one or more processors such as processor 601 and one or more memories
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such as memory 602 storing computer program codes 603. The memory 602 may be
non-transitory machine/processor/computer readable storage medium. In accordance
with some exemplary embodiments, the apparatus 600 may be implemented as an
integrated circuit chip or module that can be plugged or installed into a network node
as described with respect to Fig.4A or Fig.5A, or a terminal device as described with
respect to Fig.4B or Fig.5B. In such case, the apparatus 600 may be implemented as a
network node as described with respect to Fig.4A or Fig.5A, or a terminal device as

described with respect to Fig.4B or Fig.5B.

[00145] In some implementations, the one or more memories 602 and the
computer program codes 603 may be configured to, with the one or more processors
601, cause the apparatus 600 at least to perform any operation of the method as
described in connection with Fig.4A. In other implementations, the one or more
memories 602 and the computer program codes 603 may be configured to, with the
one or more processors 601, cause the apparatus 600 at least to perform any operation
of the method as described in connection with Fig.4B. In other implementations, the
one or more memories 602 and the computer program codes 603 may be configured
to, with the one or more processors 601, cause the apparatus 600 at least to perform
any operation of the method as described in connection with Fig.5A. In other
implementations, the one or more memories 602 and the computer program codes
603 may be configured to, with the one or more processors 601, cause the apparatus
600 at least to perform any operation of the method as described in connection with
Fig.5B. Alternatively or additionally, the one or more memories 602 and the
computer program codes 603 may be configured to, with the one or more processors
601, cause the apparatus 600 at least to perform more or less operations to implement
the proposed methods according to the exemplary embodiments of the present

disclosure.

[00146] Fig.7 is a block diagram illustrating an apparatus 700 according to some
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embodiments of the present disclosure. As shown in Fig.7, the apparatus 700 may
comprise a determining unit 701 and a transmitting unit 702. In an exemplary
embodiment, the apparatus 700 may be implemented in a network node such as a
gNB. The determining unit 701 may be operable to carry out the operation in block
412, and the transmitting unit 702 may be operable to carry out the operation in block
414. Alternatively or additionally, the determining unit 701 may be operable to carry
out the operation in block 512, and the transmitting unit 702 may be operable to carry
out the operation in block 514. Optionally, the determining unit 701 and/or the
transmitting unit 702 may be operable to carry out more or less operations to
implement the proposed methods according to the exemplary embodiments of the

present disclosure.

[00147] Fig.8 is a block diagram illustrating an apparatus 800 according to some
embodiments of the present disclosure. As shown in Fig.8, the apparatus 800 may
comprise a receiving unit 801, and optionally a performing unit 802. In an exemplary
embodiment, the apparatus 800 may be implemented in a terminal device such as a
UE. The receiving unit 801 may be operable to carry out the operation in block 422,
and the performing unit 802 may be operable to carry out the operation in block 424.
Alternatively or additionally, the receiving unit 801 may be operable to carry out the
operation in block 522, and the performing unit 802 may be operable to carry out the
operation in block 524. Optionally, the receiving unit 801 and/or the performing unit
802 may be operable to carry out more or less operations to implement the proposed

methods according to the exemplary embodiments of the present disclosure.

[00148] Fig9 is a block diagram illustrating a telecommunication network
connected via an intermediate network to a host computer in accordance with some

embodiments of the present disclosure.

[00149] With reference to Fig.9, in accordance with an embodiment, a

communication system includes a telecommunication network 910, such as a
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3GPP-type cellular network, which comprises an access network 911, such as a radio
access network, and a core network 914. The access network 911 comprises a
plurality of base stations 912a, 912b, 912c, such as NBs, eNBs, gNBs or other types
of wireless access points, each defining a corresponding coverage area 913a, 913b,
913c. Each base station 912a, 912b, 912c¢ is connectable to the core network 914 over
a wired or wireless connection 915. A first UE 991 located in a coverage area 913c is
configured to wirelessly connect to, or be paged by, the corresponding base station
912c. A second UE 992 in a coverage area 913a is wirelessly connectable to the
corresponding base station 912a. While a plurality of UEs 991, 992 are illustrated in
this example, the disclosed embodiments are equally applicable to a situation where a
sole UE is in the coverage area or where a sole UE is connecting to the corresponding

base station 912.

[00150] The telecommunication network 910 1s itself connected to a host
computer 930, which may be embodied in the hardware and/or software of a
standalone server, a cloud-implemented server, a distributed server or as processing
resources in a server farm. The host computer 930 may be under the ownership or
control of a service provider, or may be operated by the service provider or on behalf
of the service provider. Connections 921 and 922 between the telecommunication
network 910 and the host computer 930 may extend directly from the core network
914 to the host computer 930 or may go via an optional intermediate network 920.
An intermediate network 920 may be one of, or a combination of more than one of, a
public, private or hosted network; the intermediate network 920, if any, may be a
backbone network or the Internet; in particular, the intermediate network 920 may

comprise two or more sub-networks (not shown).

[00151] The communication system of Fig.9 as a whole enables connectivity
between the connected UEs 991, 992 and the host computer 930. The connectivity
may be described as an over-the-top (OTT) connection 950. The host computer 930

40



WO 2020/221099 PCT/CN2020/086441

and the connected UEs 991, 992 are configured to communicate data and/or signaling
via the OTT connection 950, using the access network 911, the core network 914, any
intermediate network 920 and possible further infrastructure (not shown) as
intermediaries. The OTT connection 950 may be transparent in the sense that the
participating communication devices through which the OTT connection 950 passes
are unaware of routing of uplink and downlink communications. For example, the
base station 912 may not or need not be informed about the past routing of an
incoming downlink communication with data originating from the host computer 930
to be forwarded (e.g., handed over) to a connected UE 991. Similarly, the base station
912 need not be aware of the future routing of an outgoing uplink communication

originating from the UE 991 towards the host computer 930.

[00152]  Fig.10 is a block diagram illustrating a host computer communicating via
a base station with a UE over a partially wireless connection in accordance with some

embodiments of the present disclosure.

[00153] Example implementations, in accordance with an embodiment, of the UE,
base station and host computer discussed in the preceding paragraphs will now be
described with reference to Fig.10. In a communication system 1000, a host computer
1010 comprises hardware 1015 including a communication interface 1016 configured
to set up and maintain a wired or wireless connection with an interface of a different
communication device of the communication system 1000. The host computer 1010
further comprises a processing circuitry 1018, which may have storage and/or
processing capabilities. In particular, the processing circuitry 1018 may comprise one
or more programmable processors, application-specific integrated circuits, field
programmable gate arrays or combinations of these (not shown) adapted to execute
instructions. The host computer 1010 further comprises software 1011, which is
stored in or accessible by the host computer 1010 and executable by the processing

circuitry 1018. The software 1011 includes a host application 1012. The host
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application 1012 may be operable to provide a service to a remote user, such as UE
1030 connecting via an OTT connection 1050 terminating at the UE 1030 and the
host computer 1010. In providing the service to the remote user, the host application

1012 may provide user data which is transmitted using the OTT connection 1050.

[00154] The communication system 1000 further includes a base station 1020
provided in a telecommunication system and comprising hardware 1025 enabling it to
communicate with the host computer 1010 and with the UE 1030. The hardware 1025
may include a communication interface 1026 for setting up and maintaining a wired
or wireless connection with an interface of a different communication device of the
communication system 1000, as well as a radio interface 1027 for setting up and
maintaining at least a wireless connection 1070 with the UE 1030 located in a
coverage area (not shown in Fig.10) served by the base station 1020. The
communication interface 1026 may be configured to facilitate a connection 1060 to
the host computer 1010. The connection 1060 may be direct or it may pass through a
core network (not shown in Fig.10) of the telecommunication system and/or through
one or more intermediate networks outside the telecommunication system. In the
embodiment shown, the hardware 1025 of the base station 1020 further includes a
processing circuitry 1028, which may comprise one or more programmable
processors, application-specific integrated circuits, field programmable gate arrays or
combinations of these (not shown) adapted to execute instructions. The base station
1020 further has software 1021 stored internally or accessible via an external

connection.

[00155] The communication system 1000 further includes the UE 1030 already
referred to. Its hardware 1035 may include a radio interface 1037 configured to set up
and maintain a wireless connection 1070 with a base station serving a coverage area
in which the UE 1030 is currently located. The hardware 1035 of the UE 1030 further

includes a processing circuitry 1038, which may comprise one or more
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programmable  processors,  application-specific  integrated  circuits, field
programmable gate arrays or combinations of these (not shown) adapted to execute
instructions. The UE 1030 further comprises software 1031, which is stored in or
accessible by the UE 1030 and executable by the processing circuitry 1038. The
software 1031 includes a client application 1032. The client application 1032 may be
operable to provide a service to a human or non-human user via the UE 1030, with
the support of the host computer 1010. In the host computer 1010, an executing
host application 1012 may communicate with the executing client application 1032
via the OTT connection 1050 terminating at the UE 1030 and the host computer 1010.
In providing the service to the user, the client application 1032 may receive request
data from the host application 1012 and provide user data in response to the request
data. The OTT connection 1050 may transfer both the request data and the user data.
The client application 1032 may interact with the user to generate the user data that it

provides.

[00156] It is noted that the host computer 1010, the base station 1020 and the UE
1030 illustrated in Fig.10 may be similar or identical to the host computer 930, one of
base stations 912a, 912b, 912¢ and one of UEs 991, 992 of Fig.9, respectively. This is
to say, the inner workings of these entities may be as shown in Fig.10 and

independently, the surrounding network topology may be that of Fig.9.

[00157] In Fig.10, the OTT connection 1050 has been drawn abstractly to illustrate
the communication between the host computer 1010 and the UE 1030 via the base
station 1020, without explicit reference to any intermediary devices and the precise
routing of messages via these devices. Network infrastructure may determine the
routing, which it may be configured to hide from the UE 1030 or from the service
provider operating the host computer 1010, or both. While the OTT connection 1050
i1s active, the network infrastructure may further take decisions by which it

dynamically changes the routing (e.g., on the basis of load balancing consideration or
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reconfiguration of the network).

[00158] Wireless connection 1070 between the UE 1030 and the base station 1020
1s in accordance with the teachings of the embodiments described throughout this
disclosure. One or more of the various embodiments improve the performance of
OTT services provided to the UE 1030 using the OTT connection 1050, in which the
wireless connection 1070 forms the last segment. More precisely, the teachings of
these embodiments may improve the latency and the power consumption, and thereby
provide benefits such as lower complexity, reduced time required to access a cell,

better responsiveness, extended battery lifetime, etc.

[00159] A measurement procedure may be provided for the purpose of monitoring
data rate, latency and other factors on which the one or more embodiments improve.
There may further be an optional network functionality for reconfiguring the OTT
connection 1050 between the host computer 1010 and the UE 1030, in response to
variations in the measurement results. The measurement procedure and/or the
network functionality for reconfiguring the OTT connection 1050 may be
implemented in software 1011 and hardware 1015 of the host computer 1010 or in
software 1031 and hardware 1035 of the UE 1030, or both. In embodiments, sensors
(not shown) may be deployed in or in association with communication devices
through which the OTT connection 1050 passes; the sensors may participate in the
measurement procedure by supplying values of the monitored quantities exemplified
above, or supplying values of other physical quantities from which the software 1011,
1031 may compute or estimate the monitored quantities. The reconfiguring of the
OTT connection 1050 may include message format, retransmission settings, preferred
routing etc.; the reconfiguring need not affect the base station 1020, and it may be
unknown or imperceptible to the base station 1020. Such procedures and
functionalities may be known and practiced in the art. In certain embodiments,

measurements may involve proprietary UE signaling facilitating the host computer
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1010°’s measurements of throughput, propagation times, latency and the like. The
measurements may be implemented in that the software 1011 and 1031 causes
messages to be transmitted, in particular empty or ‘dummy’ messages, using the OTT

connection 1050 while it monitors propagation times, errors etc.

[00160] Fig.11 is a flowchart illustrating a method implemented in a
communication system, in accordance with an embodiment. The communication
system includes a host computer, a base station and a UE which may be those
described with reference to Fig.9 and Fig.10. For simplicity of the present disclosure,
only drawing references to Fig.11 will be included in this section. In step 1110, the
host computer provides user data. In substep 1111 (which may be optional) of step
1110, the host computer provides the user data by executing a host application. In
step 1120, the host computer initiates a transmission carrying the user data to the UE.
In step 1130 (which may be optional), the base station transmits to the UE the user
data which was carried in the transmission that the host computer initiated, in
accordance with the teachings of the embodiments described throughout this
disclosure. In step 1140 (which may also be optional), the UE executes a client

application associated with the host application executed by the host computer.

[00161] Fig.12 is a flowchart illustrating a method implemented in a
communication system, in accordance with an embodiment. The communication
system includes a host computer, a base station and a UE which may be those
described with reference to Fig.9 and Fig.10. For simplicity of the present disclosure,
only drawing references to Fig.12 will be included in this section. In step 1210 of the
method, the host computer provides user data. In an optional substep (not shown) the
host computer provides the user data by executing a host application. In step 1220,
the host computer initiates a transmission carrying the user data to the UE. The
transmission may pass via the base station, in accordance with the teachings of the

embodiments described throughout this disclosure. In step 1230 (which may be
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optional), the UE receives the user data carried in the transmission.

[00162] Fig.13 is a flowchart illustrating a method implemented in a
communication system, in accordance with an embodiment. The communication
system includes a host computer, a base station and a UE which may be those
described with reference to Fig.9 and Fig.10. For simplicity of the present disclosure,
only drawing references to Fig.13 will be included in this section. In step 1310
(which may be optional), the UE receives input data provided by the host computer.
Additionally or alternatively, in step 1320, the UE provides user data. In substep
1321 (which may be optional) of step 1320, the UE provides the user data by
executing a client application. In substep 1311 (which may be optional) of step 1310,
the UE executes a client application which provides the user data in reaction to the
received input data provided by the host computer. In providing the user data, the
executed client application may further consider user input received from the user.
Regardless of the specific manner in which the user data was provided, the UE
initiates, in substep 1330 (which may be optional), transmission of the user data to
the host computer. In step 1340 of the method, the host computer receives the user
data transmitted from the UE, in accordance with the teachings of the embodiments

described throughout this disclosure.

[00163] Fig.14 is a flowchart illustrating a method implemented in a
communication system, in accordance with an embodiment. The communication
system includes a host computer, a base station and a UE which may be those
described with reference to Fig.9 and Fig.10. For simplicity of the present disclosure,
only drawing references to Fig.14 will be included in this section. In step 1410
(which may be optional), in accordance with the teachings of the embodiments
described throughout this disclosure, the base station receives user data from the UE.
In step 1420 (which may be optional), the base station initiates transmission of the

received user data to the host computer. In step 1430 (which may be optional), the
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host computer receives the user data carried in the transmission initiated by the base

station.

[00164] In general, the various exemplary embodiments may be implemented in
hardware or special purpose chips, circuits, software, logic or any combination
thereof. For example, some aspects may be implemented in hardware, while other
aspects may be implemented in firmware or software which may be executed by a
controller, microprocessor or other computing device, although the disclosure 1s not
limited thereto. While various aspects of the exemplary embodiments of this
disclosure may be illustrated and described as block diagrams, flow charts, or using
some other pictorial representation, it is well understood that these blocks, apparatus,
systems, techniques or methods described herein may be implemented in, as
non-limiting examples, hardware, software, firmware, special purpose circuits or
logic, general purpose hardware or controller or other computing devices, or some

combination thereof.

[00165] As such, it should be appreciated that at least some aspects of the
exemplary embodiments of the disclosure may be practiced in various components
such as integrated circuit chips and modules. It should thus be appreciated that the
exemplary embodiments of this disclosure may be realized in an apparatus that is
embodied as an integrated circuit, where the integrated circuit may comprise circuitry
(as well as possibly firmware) for embodying at least one or more of a data processor,
a digital signal processor, baseband circuitry and radio frequency circuitry that are
configurable so as to operate in accordance with the exemplary embodiments of this

disclosure.

[00166] It should be appreciated that at least some aspects of the exemplary
embodiments of the disclosure may be embodied in computer-executable instructions,
such as in one or more program modules, executed by one or more computers or

other devices. Generally, program modules include routines, programs, objects,
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components, data structures, etc. that perform particular tasks or implement particular
abstract data types when executed by a processor in a computer or other device. The
computer executable instructions may be stored on a computer readable medium such
as a hard disk, optical disk, removable storage media, solid state memory, random
access memory (RAM), etc. As will be appreciated by one of skill in the art, the
function of the program modules may be combined or distributed as desired in
various embodiments. In addition, the function may be embodied in whole or partly
in firmware or hardware equivalents such as integrated circuits, field programmable

gate arrays (FPGA), and the like.

[00167] The present disclosure includes any novel feature or combination of
features disclosed herein either explicitly or any generalization thereof. Various
modifications and adaptations to the foregoing exemplary embodiments of this
disclosure may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings.
However, any and all modifications will still fall within the scope of the non-limiting

and exemplary embodiments of this disclosure.
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CLAIMS

What is claimed is:

1. A method (420) performed by a terminal device, comprising:

receiving (422), from a network node, information indicating an association
between a synchronization signal and physical broadcast channel block and a shared
channel occasion in a random access procedure, wherein the association is based at
least in part on configuration of a random access occasion and the shared channel
occasion for an uplink message including a preamble and physical uplink shared

channel data in the random access procedure.

2. The method according to claim 1, wherein the configuration of the random
access occasion and the shared channel occasion comprises one of:

one-to-one mapping of a preamble in the random access occasion to a resource
unit in the shared channel occasion; and

multiple-to-one mapping of preambles in the random access occasion to a

resource unit in the shared channel occasion.

3. The method according to claim 1 or 2, wherein the association between the
synchronization signal and physical broadcast channel block and the shared channel
occasion comprises:

mapping of the synchronization signal and physical broadcast channel block to a
set of shared channel occasions comprising at least the shared channel occasion,
wherein the set of shared channel occasions is configured with the same resource in

time domain.

4. The method according to claim 3, wherein the synchronization signal and
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physical broadcast channel block is mapped to one or more preambles which are in
the random access occasion and associated with one or more resource units in the set

of shared channel occasions.

5. The method according to claim 1 or 2, wherein the association between the
synchronization signal and physical broadcast channel block and the shared channel
occasion comprises:

mapping of a set of synchronization signal and physical broadcast channel
blocks comprising the synchronization signal and physical broadcast channel block to

the shared channel occasion.

6. The method according to claim 5, wherein the synchronization signal and
physical broadcast channel block is mapped to one or more preambles which are in
the random access occasion and associated with one or more resource units in the

shared channel occasion.

7. The method according to any of claims 5-6, wherein the set of synchronization
signal and physical broadcast channel blocks are configured to enable optimized

decoding of uplink transmission of the terminal device.

8. The method according to any of claims 5-7, wherein the set of synchronization
signal and physical broadcast channel blocks are configured to have a beam

difference higher than a predefined threshold.

9. The method according to any of claims 1-8, wherein the shared channel occasion
is configured with a shared channel on which one or more reception beams of the
network node associated with one or more synchronization signal and physical
broadcast channel blocks are usable to receive data transmitted by the terminal
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device.

10. The method according to any of claims 1-9, wherein uplink transmission in the
shared channel occasion 1s associated with one or more preambles mapped to one or

more synchronization signal and physical broadcast channel blocks.

11. A method (410) performed by a network node, comprising:

determining (412) an association between a synchronization signal and physical
broadcast channel block and a shared channel occasion in a random access procedure,
based at least in part on configuration of a random access occasion and the shared
channel occasion for an uplink message including a preamble and physical uplink
shared channel data in the random access procedure; and

transmitting (414) information indicating the association to a terminal device.

12. The method according to claim 11, wherein the configuration of the random
access occasion and the shared channel occasion comprises one of:

one-to-one mapping of a preamble in the random access occasion to a resource
unit in the shared channel occasion; and

multiple-to-one mapping of preambles in the random access occasion to a

resource unit in the shared channel occasion.

13. The method according to claim 11 or 12, wherein the association between the
synchronization signal and physical broadcast channel block and the shared channel
occasion comprises:

mapping of the synchronization signal and physical broadcast channel block to a
set of shared channel occasions comprising at least the shared channel occasion,
wherein the set of shared channel occasions is configured with the same resource in
time domain.
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14. The method according to claim 13, wherein the synchronization signal and
physical broadcast channel block is mapped to one or more preambles which are in
the random access occasion and associated with one or more resource units in the set

of shared channel occasions.

15. The method according to claim 11 or 12, wherein the association between the
synchronization signal and physical broadcast channel block and the shared channel
occasion comprises:

mapping of a set of synchronization signal and physical broadcast channel
blocks comprising the synchronization signal and physical broadcast channel block to

the shared channel occasion.

16. The method according to claim 15, wherein the synchronization signal and
physical broadcast channel block is mapped to one or more preambles which are in
the random access occasion and associated with one or more resource units in the

shared channel occasion.

17. The method according to any of claims 15-16, wherein the set of
synchronization signal and physical broadcast channel blocks are configured to

enable optimized decoding of uplink transmission of the terminal device.

18. The method according to any of claims 15-17, wherein the set of
synchronization signal and physical broadcast channel blocks are configured to have

a beam difference higher than a predefined threshold.

19. The method according to any of claims 11-18, wherein the shared channel
occasion 1s configured with a shared channel on which one or more reception beams
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of the network node associated with one or more synchronization signal and physical
broadcast channel blocks are usable to receive data transmitted by the terminal

device.

20. The method according to any of claims 11-19, wherein uplink transmission in
the shared channel occasion is associated with one or more preambles mapped to one

or more synchronization signal and physical broadcast channel blocks.

21. A terminal device (600), comprising:

one or more processors (601); and

one or more memories (602) comprising computer program codes (603),

the one or more memories (602) and the computer program codes (603)
configured to, with the one or more processors (601), cause the terminal device (600)
at least to:

receive, from a network node, information indicating an association between a
synchronization signal and physical broadcast channel block and a shared channel
occasion in a random access procedure, wherein the association is based at least in
part on configuration of a random access occasion and the shared channel occasion
for an uplink message including a preamble and physical uplink shared channel data

in the random access procedure.

22. The terminal device according to claim 21, wherein the one or more memories
and the computer program codes are configured to, with the one or more processors,

cause the terminal device to perform the method according to any one of claims 2-10.

23. A network node (600), comprising:
one or more processors (601); and
one or more memories (602) comprising computer program codes (603),
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the one or more memories (602) and the computer program codes (603)
configured to, with the one or more processors (601), cause the network node (600) at
least to:

determine an association between a synchronization signal and physical
broadcast channel block and a shared channel occasion in a random access procedure,
based at least in part on configuration of a random access occasion and the shared
channel occasion for an uplink message including a preamble and physical uplink
shared channel data in the random access procedure; and

transmit information indicating the association to a terminal device.

24. The network node according to claim 23, wherein the one or more memories and
the computer program codes are configured to, with the one or more processors,

cause the network node to perform the method according to any one of claims 12-20.

25. A computer-readable medium having computer program codes (603) embodied
thereon for use with a computer, wherein the computer program codes (603)

comprise codes for performing the method according to any one of claims 1-10.

26. A computer-readable medium having computer program codes (603) embodied
thereon for use with a computer, wherein the computer program codes (603)

comprise codes for performing the method according to any one of claims 11-20.

27. A method (520) performed by a terminal device, comprising:

receiving (522) configuration information for a random access procedure from a
network node, wherein the configuration information indicates a number of one or
more synchronization signal and physical broadcast channel blocks associated with a

random access occasion, and a number of one or more preambles which are in the
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random access occasion and associated with shared channel resource for the random
access procedure; and
performing (524) the random access procedure, according to the configuration

information received from the network node.

28. The method according to claim 27, wherein the shared channel resource
comprises shared channel resource units which are frequency division multiplexed in

one or more symbols.

29. The method according to claim 28, wherein the number of the one or more
preambles is equal to an integer multiple of a number of the shared channel resource

units.

30. The method according to any of claims 27-29, further comprising:

receiving signaling information from the network node, wherein the signaling
information indicates an offset which is usable for determining a start preamble
associated with a specific synchronization signal and physical broadcast channel

block in the random access occasion.

31. The method according to claim 30, wherein the offset is equal to a number of
one or more preambles which are configured for another random access procedure
and associated with the specific synchronization signal and physical broadcast

channel block.

32. The method according to any of claims 27-31, wherein the random access
procedure is performed by:

determining at least one indicator for the one or more preambles, based at least
in part on the configuration information; and
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transmitting an uplink message for random access to the network node, by using
at least one preamble of the one or more preambles and the associated shared channel

resource, wherein the at least one preamble is identified by the at least one indicator.

33. A method (510) performed by a network node, comprising:

determining (512) configuration information for a random access procedure,
wherein the configuration information indicates a number of one or more
synchronization signal and physical broadcast channel blocks associated with a
random access occasion, and a number of one or more preambles which are in the
random access occasion and associated with shared channel resource for the random
access procedure; and

transmitting (514) the configuration information to a terminal device.

34. The method according to claim 33, wherein the shared channel resource
comprises shared channel resource units which are frequency division multiplexed in

one or more symbols.

35. The method according to claim 34, wherein the number of the one or more
preambles is equal to an integer multiple of a number of the shared channel resource

units.

36. The method according to any of claims 33-35, further comprising:

transmitting signaling information to the terminal device, wherein the signaling
information indicates an offset which is usable for determining a start preamble
associated with a specific synchronization signal and physical broadcast channel

block in the random access occasion.

37. The method according to claim 36, wherein the offset is equal to a number of
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one or more preambles which are configured for another random access procedure
and associated with the specific synchronization signal and physical broadcast

channel block.

38. The method according to any of claims 33-37, further comprising:

receiving an uplink message for random access transmitted by the terminal
device, wherein the transmission of the uplink message uses at least one preamble of
the one or more preambles and the associated shared channel resource, and wherein
the at least one preamble is identified by at least one indicator based at least in part on

the configuration information.

39. A terminal device (600), comprising:

one or more processors (601); and

one or more memories (602) comprising computer program codes (603),

the one or more memories (602) and the computer program codes (603)
configured to, with the one or more processors (601), cause the terminal device (600)

at least to perform the method according to any one of claims 27-32.

40. A network node (600), comprising:

one or more processors (601); and

one or more memories (602) comprising computer program codes (603),

the one or more memories (602) and the computer program codes (603)
configured to, with the one or more processors (601), cause the network node (600) at

least to perform the method according to any one of claims 33-38.

41. A computer-readable medium having computer program codes (603) embodied
thereon for use with a computer, wherein the computer program codes (603)
comprise codes for performing the method according to any one of claims 27-32.
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42. A computer-readable medium having computer program codes (603) embodied
thereon for use with a computer, wherein the computer program codes (603)

comprise codes for performing the method according to any one of claims 33-38.

58



PCT/CN2020/086441

WO 2020/221099

V131

(pBsw) WHD 90T

(cBsw) HOSNd GOF

(zBsw) Yvyd 30T

(16sw) HOVHd £01

(ISO "ISINY) uoneuLIOUl WBISAS 20T

HOf8d ‘SSS ‘SSd
5009 HO9d/SS T07

1722



PCT/CN2020/086441

WO 2020/221099

* sjeadads usyy usened ayy

d1°314

‘pouad uonemnsyuod
HOVdd 2u0 J0j uisned usISEII0 HDVH Uiewop
-3W13 9Y3 sa10ads ajgel uoileinBiuod HOYY 24 Ul Mo1 v

(sw 097 40 ‘08 ‘OF ‘0T 01} POLad UODINDIJUOI HOVEd U0

: » y . _ UOISEIZ0 HIVYHd
. M« 1541} jo Asuanbaiy
1] ] aE = [T1 [ (snonSnuod shkemje
vl “ mm m __ m ‘SU0158I30 § 40 ‘b ‘7 ‘T)
1 B L1 [ i_v! _| | Jsuoisedno Hovyd 30 NG
Asusnboly

UoISeI20 HOYYd T = []

2/22



PCT/CN2020/086441

WO 2020/221099

01314

3§

Nt

PR RTS

ekl 4

(=15 511
:

~

T,
Poasases asis ases v
Cikrgr
3222355
Prrsss sy
ot Lt s
P s it
Peeas s e
Viredee e
preeetipecadirecadrs
i LI
§ A o]
2 S Ty \“.v oo W\.
FEES e AR A
5 S
oo H&“wm&&\\v&“m»
e e s
A g
S
S A A S
S b

450500501 \.:::”.:l :

\
133 5
NN

i
S
3
i
i
5
&
i
i
i
i
8

.,
NN

-

N
-
N

st

rer

N

UOISeI20

HOYYd T 7

Y

S

R AR AR R AR AR R A R R

322

-
sp RSOOSR LECOLL LT,
PO L R e L T CTL

7
W e i
e oins, £

B




WO 2020/221099 PCT/CN2020/086441

D
y =
L
L
=
o
£ . 123
3 \\\\\\\\\\\\ 5 B
\\\\\\\\\\\\ o
\\\\*\¥¥¥¥¥¥¥§\
o
fax]
4
= —N
&0
e ig\ ig R
i
o)
3
=
- I¥
a T — B
S a
=5 j [a
g-

4/22

Fig.1D



PCT/CN2020/086441

WO 2020/221099

d1°31d

ouad uonesndipuos ‘
Sl mm poi ! _.% HOVHd T mE_c
SUH | 4 \/.\ “
pass o1 deuwd 0gss o1 dew tgss o1 dew 0dss 03} dew
T£-0 SB|qieaid 1€-0 sojquieaid TE-0 Sejquieaid T£-0 sajquieald
SESS 01 deud 1485s o1 dew 5gss 01 dew 1855 01 dew
(ponad £9-7€ Sa|quueRld | €9-7€ sajquieaid £9-7£ Sajquieald | £9-Z€ ssjguieaid
uonensdyuod 9dss 03 dew zgss o1 dew 9gss o3 dew zgss o3 dew
HOYYd 12U Ul T1€-0 se|fweald 1€-0 sajquieaid 1€-0 mm_sEmEﬁ_ TE-0 sa|qiueaid
£95s 03 dew €855 o1 dew 2855 03 dew €855 01 dew

sieadas uayy)

£9-CE se|quiesid

€9-Z€ sajquieaid

€9-C£ sejquieald

£9-2€ sajquiesid

uoISe20 HOWYd T

F

10[S HOVYd T

Axuanbauy

pouad uoijeindiuod
Jad S10[S HOVYd T -

sw gz = potad
uonesndyu0d HIVYd -
{yois/uoiseddn0

Q.1 T) €V 1BULIO HOVY -
Z = W04 HOVYd -
(U0i58330 HOVHd

lod sgsS ¢ o) ZE= N -
8 = 54SSH -

:ajdwex]

5122



WO 2020/221099 PCT/CN2020/086441

<
= o
s 2 T
L O
| W
S8
M g0
o O 9
LA & e o
g c
L v
O 0O
- - £
c h
O ¢ v
7 Q. .
© TR
3 ~ A
o0
G o
bt s
o
a.
o o2
Q. —
- 7 .80
© [
L
w
P
+ =
o0
<t 1.9 “m
it E vy
oo el
O gyﬂ
N oM
gm 4=
o o
&« 9
+ & &
(V5]
ug' ° ©
< @ e é?,
&3 E »
|E 0 ")
b o ™
Q (U o
g 2@ o e
s T I pS
El A m
m| v O
| I+ It
% X | B

6/22



PCT/CN2020/086441

WO 2020/221099

31

gbsw 07

HOSNd vBsw GE0Z

a|quiesid (ybsw BEGE

(ISO “ISINY) uoneuwLIoUl WBISAS 2027

HO8d 'SSS 'SSd
40019 HOEd/SS 102

7/22



PCT/CN2020/086441

WO 2020/221099

V¢S

8 =WGaL Z= Wa4 HOSNd

2= NGl ‘T = Ng4 slqueald

OdiJedsnd 9t

gss Jed seiquiesid gg

oY ted sgssz —

8 =sgss#

A58 998§ SHSS pgss £8SS €888 188S ogss -orduwexg

o A e e e w0

%, £

yass oy dew 0gss o) dew
0LOd | | 80d 90d ¥0d zZod 00d L£-0 sejquiesld L£-0 sejquwesld

6gss o) dew 1ass o) dew
£9-Z¢ selqweald £9-Z¢ selqweald

ggss o) dew ZgSs o) dew

, LE-0 sejduies)d LE-0 sejduleald
L0d 60d L1Cd 50d £0d Cd 1985 0} de 2g<s 0} deul

£8-C€ Ssjquesld 8-t Ssiquesld

UoISEI20 HOVMd | 1018 HOVNd L Asusnbaig

SN 91 Y)m UoIsed20 HOSNd |

822



PCT/CN2020/086441

WO 2020/221099

4988 98SS gdSS

vgss ¢€8SS

d¢'31d

£gss

LSS

ggss

8 =WQaL = WG4 HOSNd  —
2= WAl ‘c = Wa4 siquiesig -
Odisdsnyze —
gs¢ Jed seiquiesad gg —
Odledsgssz
8 =5gSS# —
:o|dwexg
st 0
A, )

S e it Y ¥ Pt s st R s

0i0d

10d

80d

60d

90d

LCd

¥Ood

G0d

Z0d

€0d

00d

Od

SNYZE WM UOISEIO0 HOSNd L

HOISE20 HOVYd |

L4 1

9SS o) dew 085S oy dew

L £-0 sajquiesld LE-0 sejguieaid
¢gss o dew 185¢ 01 dews
£9-¢¢ sejqueald £9-2¢ sejquesid

9gSS o) dew z7gss o) dew

L £-0 ssjguiesld LE-0 sejguieald
l8ss oy dew £g5s 01 dews
£9-2¢ sejguieald £9-2¢ sejquieald

1018 HOVYNd L Aousnbsig

9/22



PCT/CN2020/086441

WO 2020/221099

D¢

8 =NALHOSNd —

2= NQL ‘T = a4 siquesid —

Od@ednygL —

gsg sed sejquiesid Zg  —

O¥iedsgssg

g =sgSS# —

£8988 9HS8S GHSS pgss £8SS 288 L85S ggss sjdwexg

swy A A S WO

......\ :

yass o) dew 0gss o1 dew
L£-0 sejquuesld L £-0 SoquuEesid
cass o1 dews Lgss oy dely
£8-¢¢ sejquieaid £0-¢E se|quueaid

&0d #Od £0d 20d LOd 00d

9gss oy dew Zass oy dew
L£-0 sejquiesid L£-0 se|quueald
19ss oy dew £88s oy dew

£8-Z¢ S8jquiesid £6-2¢ ss|qluesid

L }
Y

UOISEI20 HOVHd L 10IS HOVMNd L Aousnbaig

Y | Ui uolisesso HOSNd |

10/22



PCT/CN2020/086441

WO 2020/221099

¢ 31

P =WNAL HOSNd —

2= WAL T = NQd sjguesld —
Odswdny L

gss Jod sejquesid zg  —

Oy iad sgssz —

l9ss ¢cg9S8S £9SS 19SS 8 =%35g8S#
94dsS yHSS Z9S8S pass nmﬁmem
A k A k Suw g
St _ \ \ f \ e m
. %, 7 :
ygass o} dew 0gss o) dew
LE-( sef(uuesid L £-0 ssiquuesald
cgss o) dew Lgss oy dew

£9-Ct ss|quuesid £0-CL ssiquuesid

¢Od 10d 00d

9gss o) dew zass o) deud
L€~ Sejquiesld L€-0 seiquiesid
29SS o) dew cgss o) dew

£ggt sejqiuesid £9-¢t sejquiesid

{ }
1

UoISE3I20 HOVYNd | 10IS HOVNd Asusnbaiyg
Ny L y3im Uuoiseddo HOSNd |

11722



PCT/CN2020/086441

WO 2020/221099

14

11

d¢31

#10qwAs INQH0

S

N

v3sw J0}
pasn jou
S|oquAs
dululeway

{1v‘set{gc e} ‘-HOVYd
{£}{9} :n¥ HOSNd

{6¢}{9'0} :HOVYd
{t}{0} :nY HOSNd

{1v'se}{ge e} :HOVYd
{£}'{9} :n¥ HOSNd

{6°¢}{90} :HOVH4d
{1}4{0} :nY HOSNd

{ev9ct{pE cE} ‘-HOVYd
{6}{8} :n¥ HOSNd

{oTv}{£ T} :HOVYd
{€}{2} :nY HOSNd

{zv'oc}{6E cE} :HOVYd
{6}{8} :N¥ HOSNd

{0T'v}{£T} ‘HOVYd
{€}4{2} :nY HOSNd

{ev‘se}{ov'vE} -HOV Y
{t1}{0T} :n¥ HOSNd

{11s}{8C} :HOVYd
{s}{¥} :nY¥ HOSNd

{ev'cet{ov'vE} ‘HOVYd
{11}4{0T} :n¥ HOSNd

{T1's}{8C} :HOVYd
{s}{¥} :nY HOSNd

30|S HOSNd V8sw

{sddd)
Acuanbal4

-

12/22



PCT/CN2020/086441

WO 2020/221099

A€°314

# |0qQWAS INQ40

el
< 6 q \ oo
¢dss o1 dew 09SS 01 dew
TT-0 S9|qweald | TT-0 sa|queald pasnun 3q .
€gss 01 dew 19SS 01 dew Aew sQYy awos %
EV-CE se|quieald | E-¢E Se|quiesld L
<Hﬁ

de3$-7

30|S HOVYd

Aduanbau

13/22



WO 2020/221099 PCT/CN2020/086441

41

e

Determine an association between a DL
transmission and an UL transmission in a RA 412
procedure, based at least in part on configuration of —~
RA resource and shared channel resource for an UL
message in the RA procedure

414
Transmit information indicating the association | —/

to a terminal device

Fig.4A

\|4>
N
o

Receive, from a network node, information /\/422
indicating an association between a DL transmission
and an UL transmission in a RA procedure

424
Perform the RA procedure, according to the p—

information received from the network node

Fig.4B

14/22



WO 2020/221099

PCT/CN2020/086441

510

e

Determine configuration information
for a RA procedure

512

Transmit the configuration information
to a terminal device

514

Fig.5A

N

Receive configuration information for a RA
procedure from a network node

522

Perform the RA procedure, according to the
configuration information received
from the network node

524

Fig.5B

15/22



WO 2020/221099

PCT/CN2020/086441

600
APPARATUS
601 602
/_J
MEMORY
PROCESSOR |« >
603
Fig.6
700
/\/
APPARATUS
701 702
oo oaud
Determining Transmitting
Unit Unit
Fig.7
800
/\/
APPARATUS
801 802
~ -—— = _ :
I
Receiving : Performing |
Unit [ Unit |
[ I

16/22



WO 2020/221099

912a

Fig.9

17/22

PCT/CN2020/086441

920

922

915

912b



WO 2020/221099

1010 Host computer

@11

PCT/CN2020/086441

1018
Processing circuitry

Communication interface

1026

Sw 1012 1020 Base station
Host application
pf @21
- SwW
. g/
1015 . S
o o0 0 ¢ 0 o
HW 1016 (__°_'_._‘l_
Communication interface o |
°] 1025
1. HW
l_ p

N

1027
Radio interface

1028
Processing circuitry

r
I
— 1
10;, | .
0\‘ .
l L
1030 UE ol
| b
|
(1031 ) ] \_
1
SW 1032 b
Client application : .
L ]
. le
le
: s
1035 . le
HW le
103 PR N
Radio integface .
. “10s
.. Py e o ® q4° 9 ) 0\
1038
Processing circuitry
Fig.10

18/22




WO 2020/221099

BEGIN

1110
Host computer
provides user
data

1111
Host computer
executes host |
application

1120
Host computer
initiates
transmission
carrying the
user data to the
UE

1130
Base station
transmits the
user data

1140
UE executes
client
application

END

Fig.11

19/22

PCT/CN2020/086441



WO 2020/221099

BEGIN

1210
Host computer
provides user
data

1220
Host computer
initiates
transmission
carrying the
user data to the
UE

1230
UE receives the
user data

Fig.12

20/22

PCT/CN2020/086441



WO 2020/221099

BEGIN

1310
UE receives
input data
provided at host
computer

1311
UE executes

1320
UE provides

client
application

1321
UE executes

user data

1330
UE initiates
transmission of
the user data to

the host
computer

1340
Host computer
receives user
data
transmitted
from the UE

END

client
application

Fig.13

21722

PCT/CN2020/086441



WO 2020/221099

BEGIN

1410
Base station
receives user
data from UE

1420
Base station
initiates
transmission of
user data to the
host computer

1430
Host computer
receives the
user data

END

Fig.14

22/22

PCT/CN2020/086441



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2020/086441

A. CLASSIFICATION OF SUBJECT MATTER
HO4L 5/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4L; HO4AW

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS,CNTXT,VEN,WOTXT,USTXT,EPTXT,CNKI,3GPP: synchronization w signal, physical w broadcast w channel w
block, shared w channel w occasion, random w access, preamble, physical w uplink w shared w channel, SSB, PUSCH, PUSCH
w occasion, association

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X CN 109327913 A (HTC CORP) 12 Febrnary 2019 (2019-02-12) 27-42
claims 1-9
A CN 109327913 A (HTC CORP) 12 Febrnary 2019 (2019-02-12) 1-26

the whole document

A CN 108092754 A (ZTE CORP) 29 May 2018 (2018-05-29) 1-42
the whole document

A CN 109076364 A (BEIJING XIAOMI MOBILE SOFTWARE CO LTD) 21 December 2018 1-42
(2018-12-21)
the whole document

A CN 109076378 A (BEIJING XIAOMI MOBILE SOFTWARE CO LTD) 21 December 2018 1-42
(2018-12-21)
the whole document

A US 2018323855 Al (SAMSUNG ELECTRONICS CO LTD) 08 November 2018 1-42
(2018-11-08)
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: «1> later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«<g~ earlier application or patent but published on or after the international <} document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“p”  document published prior to the international filing date but later than < g, »

e ; document member of the same patent famil
the priority date claimed P ¥

Date of the actual completion of the international search Date of mailing of the international search report
03 July 2020 14 July 2020
Name and mailing address of the ISA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing LLFei
100088 ’
China
Facsimile No. (86-10)62019451 Telephone No. 86-(010)-62412001

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2020/086441
. Pat(.ant document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 109327913 A 12 February 2019 ™ 1679912 B 11 December 2019
EP 3439221 Al 06 February 2019
Us 2019045566 Al 07 February 2019
™ 201911935 A 16 March 2019
EP 3439221 Bl 25 December 2019
CN 108092754 A 29 May 2018 WO 2019096292 Al 23 May 2019
CN 109076364 A 21 December 2018 WO 2020019216 Al 30 January 2020
CN 109076378 A 21 December 2018 WO 2020019217 Al 30 January 2020
us 2018323855 Al 08 November 2018 WO 2018203711 Al 08 November 2018
KR 20180122958 A 14 November 2018

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - wo-search-report
	Page 84 - wo-search-report

