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Description
Technical Field

[0001] The presentdisclosure relates to a field of a wireless communication system. In particular, the present disclosure
relates to a random access in the wireless communication system.

Background Art

[0002] To meet the demand for wireless data traffic having increased since deployment of 4th generation (4G) com-
munication systems, efforts have been made to develop an improved 5t generation (5G) or pre-5G communication
system. Therefore, the 5G or pre-5G communication system is also called a ‘Beyond 4G Network’ or a 'Post Long Term
Evolution (LTE) System’. The 5G communication system is considered to be implemented in higher frequency (mmWave)
bands, e.g., 60GHz bands, so as to accomplish higher data rates. To decrease propagation loss of the radio waves and
increase the transmission distance, the beamforming, massive multiple-input multiple-output (MIMO), Full Dimensional
MIMO (FD-MIMO), array antenna, an analog beam forming, large scale antenna techniques are discussed in 5G com-
munication systems.

[0003] In addition, in 5G communication systems, development for system network improvement is under way based
on advanced small cells, cloud Radio Access Networks (RANs), ultra-dense networks, device-to-device (D2D) commu-
nication, wireless backhaul, moving network, cooperative communication, Coordinated Multi-Points (CoMP), reception-
end interference cancellation and the like.

[0004] Inthe 5G system, Hybrid frequency shift keying (FSK) and quadrature amplitude modulation (FQAM) and sliding
window superposition coding (SWSC) as an advanced coding modulation (ACM), and filter bank multi carrier (FBMC),
non-orthogonal multiple access (NOMA), and sparse code multiple access (SCMA) as an advanced access technology
have been developed. In 5G system, various applications are considered. In some application scenarios of the 5G, a
fast access process is required. For example, for a fast cell handover, the handover latency requirement is much smaller
than the handover latency requirement in LTE.

[0005] WO 2017/046672 A1 relates to wireless communications and, more particularly, to random access procedures
for latency reduction.

[0006] EP 2 731 392 A1 relates to the field of wireless communications technologies, and in particular, to a data
transmission method and device for uplink short latency communication.

[0007] US 2016/330766 A1 relates to a communications technology, particularly to methods, nodes, a system, and
computer storage mediums for non-contention random access.

[0008] US 2011/171985 A1 relates to wireless communication systems and, more particularly, to enabling on demand
transmissions of data signals in the uplink of a communication system without explicit respective scheduling assignments.

Disclosure of Invention
Solution to Problem

[0009] In order to solve the problem in the prior art that the access latency is relatively large during the contention-
free random access, the latency requirement may not be met. The invention is set out in the appended set of claims.

Brief Description of Drawings

[0010] The above and/or additional aspects and advantages of the present disclosure will be readily apparent from
the following description of the embodiments, taken in conjunction with the accompanying drawings, in which:

FIG. 1 illustrates a wireless communication system;

FIG. 2 illustrates a base station in the wireless communication system;

FIG. 3 illustrates a terminal in the wireless communication system;

FIG. 4 illustrates the communication interface in the wireless communication system;

FIG. 5 is a schematic flowchart of a contention-based random access method in the prior art;

FIG. 6 is a flowchart of a random access method according to a first embodiment of the present disclosure;

FIG. 7 is a schematic diagram of allocating a dedicated time-frequency resource according to the first embodiment
of the present disclosure;

FIG. 8is a schematic diagram of allocating a dedicated time-frequency resource set according to the first embodiment
of the present disclosure;
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FIG. 9 is a schematic diagram of configuring dedicated time-frequency resources evenly spaced in the frequency
domain according to the first embodiment of the present disclosure;

FIG. 10 is a schematic diagram of configuring dedicated time-frequency resources evenly spaced in time domain
and frequency domain according to the first embodiment of the present disclosure;

FIG. 11 is a schematic diagram of a dedicated time-frequency resource under a multi-beam operation;

FIG. 12 is a schematic flowchart of a process at base station side according to the present disclosure;

FIG. 13 is a schematic diagram of a way of configuring a channel time-frequency resource according to the present
disclosure;

FIG. 14 is schematic diagram of a way of configuring a dedicated time-frequency resource and a PRACH time-
frequency resource according to the present disclosure;

FIG. 15 is a schematic diagram of a possible dedicated time-frequency resource distribution according to the present
disclosure;

FIG. 16 is another schematic diagram of a possible dedicated time-frequency resource distribution according to the
present disclosure:

FIG. 17 is still another schematic diagram of a possible dedicated time-frequency resource distribution according
to the present disclosure;

FIG. 18 is a schematic diagram of a dedicated time-frequency resource configuration structure according to the
present disclosure;

FIG. 19is a schematic diagram of a way of configuring a time-frequency resource according to the present disclosure;
FIG. 20 is a flowchart of a random access method according to the present disclosure;

FIG. 21 is a schematic flowchart of a process at user equipment side according to the present disclosure;

FIG. 22 is a schematic diagram of selecting an access channel time-frequency resource according to the present
disclosure;

FIG. 23 is a schematic diagram of a random access re-attempt by a user equipment according to the present
disclosure;

FIG. 24 is a schematic diagram of a correspondence between a downlink signal and a dedicated random access
resource according to the present disclosure;

FIG. 25 is a schematic diagram of a structure of the base station device for random access according to the present
disclosure; and

FIG. 26 is a schematic diagram of a structure of the user equipment for random access according to the present
disclosure.

Best Mode for Carrying out the Invention

[0011] Hereinafter, in various embodiments of the present disclosure, hardware approaches will be described as an
example. However, various embodiments of the present disclosure include a technology that uses both hardware and
software and thus, the various embodiments of the present disclosure may not exclude the perspective of software.
[0012] Hereinafter, the present disclosure describes technology for a random access in a wireless communication
system.

[0013] Theterms asignal, the terms referring to a channel, the terms referring to control information, the terms referring
to a network entity, and the terms referring to elements of a device used in the following description are used only for
convenience of the description. Accordingly, the present disclosure is not limited to the following terms, and other terms
having the same technical meaning may be used.

[0014] Further, although the present disclosure describes various embodiments based on the terms used in some
communication standards (for example, 3rd Generation Partnership Project (3GPP)), they are only examples for the
description. Various embodiments of the present disclosure may be easily modified and applied to other communication
systems.

[0015] FIG. 1illustrates a wireless communication system according to various embodiments of the present disclosure.
In FIG. 1, a base station (BS) 110, a terminal 120, and a terminal 130 are illustrated as the part of nodes using a wireless
channel in a wireless communication system.

[0016] FIG. 1 illustrates only one BS, but another BS, which is the same as or similar to the BS 110, may be further
included.

[0017] The BS 110 is network infrastructure that provides wireless access to the terminals 120 and 130. The BS 110
has coverage defined as a predetermined geographical region based on the distance at which a signal can be transmitted.
The BS 110 may be referred to as "access point (AP), " "eNodeB (eNB), " "5th generation (5G) node, " "wireless point,
" "transmission/reception Point (TRP)" as well as "base station."

[0018] Each of the terminals 120 and 130 is a device used by a user, and performs communication with the BS 110
through a wireless channel. Depending on the case, at least one of the terminals 120 and 130 may operate without user
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involvement. That is, at least one of the terminals 120 and 130 is a device that performs machine-type communication
(MTC) and may not be carried by the user. Each of the terminals 120 and 130 may be referred to as "user equipment
(UE), " "mobile station, " "subscriber station, " "remote terminal, " "wireless terminal, " or "user device" as well as "ter-
minal."

[0019] The BS 110, the terminal 120, and the terminal 130 may transmit and receive wireless signals in millimeter
wave (mmWave) bands (for example, 28 GHz, 30 GHz, 38 GHz, and 60 GHz). At this time, in order to improve a channel
gain, the BS 110, the terminal 120, and the terminal 130 may perform beamforming. The beamforming may include
transmission beamforming and reception beamforming. That is, the BS 110, the terminal 120, and the terminal 130 may
assign directivity to a transmission signal and a reception signal. To this end, the BS 110 and the terminals 120 and 130
may select serving beams 112, 113, 121, and 131 through a beam search procedure or a beam management procedure.
After that, communications may be performed using resources having a quasi co-located relationship with resources
carrying the serving beams 112, 113, 121, and 131.

[0020] A first antenna port and a second antenna ports are considered to be quasi co-located if the large-scale
properties of the channel over which a symbol on the first antenna port is conveyed can be inferred from the channel
over which a symbol on the second antenna port is conveyed. The large-scale properties may include one or more of
delay spread, doppler spread, doppler shift, average gain, average delay, and spatial Rx parameters.

[0021] FIG. 2illustrates the BS in the wireless communication system according to various embodiments of the present
disclosure. A structure exemplified at FIG. 2 may be understood as a structure of the BS 110. The term "-module", "-
unit" or "-er" used hereinafter may refer to the unit for processing atleast one function or operation and may be implemented
in hardware, software, or a combination of hardware and software.

[0022] Referring to FIG. 2, the BS includes a wireless communication interface 210 and a controller 240, and may
further include a backhaul communication interface 220, and a storage unit 230.

[0023] The wireless communication interface 210 performs functions for transmitting and receiving signals through a
wireless channel. For example, the wireless communication interface 210 may perform a function of conversion between
abaseband signal and bitstreams according to a physical layer standard of the system. For example, in data transmission,
the wireless communication interface 210 generates complex symbols by encoding and modulating transmission bit-
streams. Further, in data reception, the wireless communication interface 210 reconstructs reception bitstreams by
demodulating and decoding the baseband signal.

[0024] In addition, the wireless communication interface 210 up-converts the baseband signal into an Radio Frequency
(RF) band signal, transmits the converted signal through an antenna, and then down-converts the RF band signal
received through the antenna into the baseband signal. To this end, the wireless communication interface 210 may
include a transmission filter, a reception filter, an amplifier, a mixer, an oscillator, a digital-to-analog convertor (DAC),
an analog-to-digital convertor (ADC), and the like. Further, the wireless communication interface 210 may include a
plurality of transmission/reception paths. In addition, the wireless communication interface 210 may include at least one
antenna array consisting of a plurality of antenna elements.

[0025] On the hardware side, the wireless communication interface 210 may include a digital unit and an analog unit,
and the analog unit may include a plurality of sub-units according to operation power, operation frequency, and the like.
The digital unit may be implemented as at least one processor (e.g., a digital signal processor (DSP)).

[0026] The wireless communication interface 210 transmits and receives the signal as described above. Accordingly,
the wireless communication interface 210 is referred to as a "transmitter" a "receiver, " or a "transceiver." Further, in the
following description, transmission and reception performed through the wireless channel may be used to have a meaning
including the processing performed by the wireless communication interface 210 as described above.

[0027] The backhaul communication interface 220 provides an interface for performing communication with other
nodes within the network. That is, the backhaul communication interface 220 converts bitstreams transmitted to another
node, for example, another access node, another BS, a higher node, or a core network, from the BS into a physical
signal and converts the physical signal received from the other node into the bitstreams.

[0028] The storage unit 230 stores a basic program, an application, and data such as setting information for the
operation of the BS 110. The storage unit 230 may include a volatile memory, a non-volatile memory, or a combination
of volatile memory and non-volatile memory. Further, the storage unit 230 provides stored data in response to a request
from the controller 240.

[0029] The controller 240 controls the general operation of the BS. For example, the controller 240 transmits and
receives a signal through the wireless communication interface 210 or the backhaul communication interface 220.
Further, the controller 240 records data in the storage unit 230 and reads the recorded data. The controller 240 may
performs functions of a protocol stack that is required from a communication standard. According to another implemen-
tation, the protocol stack may be included in the wireless communication interface 210. To this end, the controller 240
includes at least one processor. For example, the controller 240 controls the base station to perform operations according
to the exemplary embodiments of the present disclosure.

[0030] FIG. 3 illustrates the terminal in the wireless communication system according to various embodiments of the
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present disclosure. A structure exemplified at FIG. 3 may be understood as a structure of the terminal 120 or the terminal
130. The term "-module”, "-unit" or "-er" used hereinafter may refer to the unit for processing at least one function or
operation, and may be implemented in hardware, software, or a combination of hardware and software.

[0031] Referring to FIG. 3, the terminal 120 includes a communication interface 310 and a controller 330 and may
further include a storage unit 320.

[0032] The communication interface 310 performs functions for transmitting/receiving a signal through a wireless
channel. For example, the communication interface 310 performs a function of conversion between a baseband signal
and bitstreams according to the physical layer standard of the system. For example, in data transmission, the commu-
nication interface 310 generates complex symbols by encoding and modulating transmission bitstreams. Also, in data
reception, the communication interface 310 reconstructs reception bitstreams by demodulating and decoding the base-
band signal. In addition, the communication interface 310 up-converts the baseband signal into an RF band signal,
transmits the converted signal through an antenna, and then down-converts the RF band signal received through the
antenna into the baseband signal.

[0033] For example, the communication interface 310 may include a transmission filter, a reception filter, an amplifier,
a mixer, an oscillator, a DAC, and an ADC.

[0034] Further, the communication interface 310 may include a plurality of transmission/reception paths. In addition,
the communication interface 310 may include at least one antenna array consisting of a plurality of antenna elements.
In the hardware side, the wireless communication interface 210 may include a digital circuit and an analog circuit (for
example, a radio frequency integrated circuit (RFIC)). The digital circuit and the analog circuit may be implemented as
one package. The digital circuit may be implemented as at least one processor (e.g., a DSP). The communication
interface 310 may include a plurality of RF chains. The communication interface 310 may perform beamforming.
[0035] The communication interface 310 transmits and receives the signal as described above. Accordingly, the
communication interface 310 is referred to as a "transmitter, " a "receiver, " or a "transceiver." Further, in the following
description, transmission and reception performed through the wireless channel is used to have a meaning including
the processing performed by the communication interface 310 as described above.

[0036] The storage unit 320 stores a basic program, an application, and data such as setting information for the
operation ofthe terminal 120. The storage unit 320 may include a volatile memory, a non-volatile memory, or acombination
of volatile memory and non-volatile memory. Further, the storage unit 320 provides stored data in response to a request
from the controller 330.

[0037] The controller 330 controls the general operation of the terminal 120. For example, the controller 330 transmits
and receives a signal through the communication interface 310. Further, the controller 330 records data in the storage
unit 320 and reads the recorded data. The controller 330 may performs functions of a protocol stack that is required
from a communication standard. According to another implementation, the protocol stack may be included in the com-
munication interface 310. To this end, the controller 330 includes at least one processor or microprocessor, or may play
the part of the processor. Further, the part of the communication interface 310 or the controller 330 may be referred to
as a communication processor (CP). According to exemplary embodiments of the present disclosure, the controller 330
controls the terminal to perform operations according to the exemplary embodiments of the present disclosure.

[0038] FIG. 4 illustrates the communication interface in the wireless communication system according to various
embodiments of the present disclosure. FIG. 4 shows an example for the detailed configuration of the communication
interface 210 of FIG. 2 or the communication interface 310 of FIG. 3. More specifically, FIG. 4 shows elements for
performing beamforming as part of the communication interface 210 of FIG. 2 or the communication interface 310 of FIG. 3.
[0039] Referring to FIG. 4, the communication interface 210 or 310 includes an encoding and circuitry 402, a digital
circuitry 404, a plurality of transmission paths 406-1 to 406-N, and an analog circuitry 408.

[0040] The encoding and circuitry 402 performs channel encoding. For the channel encoding, at least one of a low-
density parity check (LDPC) code, a convolution code, and a polar code may be used. The encoding and circuitry 402
generates modulation symbols by performing constellation mapping.

[0041] The digital circuitry 404 performs beamforming for a digital signal (for example, modulation symbols). To this
end, the digital circuitry 404 multiples the modulation symbols by beamforming weighted values. The beamforming
weighted values may be used for changing the size and phrase of the signal, and may be referred to as a "precoding
matrix" or a "precoder." The digital circuitry 404 outputs the digitally beamformed modulation symbols to the plurality of
transmission paths 406-1 to 406-N. At this time, according to a multiple input multiple output (MIMO) transmission
scheme, the modulation symbols may be multiplexed, or the same modulation symbols may be provided to the plurality
of transmission paths 406-1 to 406-N.

[0042] The plurality of transmission paths 406-1 to 406-N convert the digitally beamformed digital signals into analog
signals. To this end, each of the plurality of transmission paths 406-1 to 406-N may include an inverse fast fourier
transform (IFFT) calculation unit, a cyclic prefix (CP) insertion unit, a DAC, and an up-conversion unit. The CP insertion
unit is for an orthogonal frequency division multiplexing (OFDM) scheme, and may be omitted when another physical
layer scheme (for example, a filter bank multi-carrier, FBMC) is applied. That is, the plurality of transmission paths 406-1
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to 406-N provide independent signal processing processes for a plurality of streams generated through the digital
beamforming. However, depending on the implementation, some of the elements of the plurality of transmission paths
406-1 to 406-N may be used in common.

[0043] The analog circuitry 408 performs beamforming for analog signals. To this end, the digital circuitry 404 multiples
the analog signals by beamforming weighted values. The beamformed weighted values are used for changing the size
and phrase of the signal. More specifically, according to a connection structure between the plurality of transmission
paths 406-1 to 406-N and antennas, the analog circuitry 408 may be configured in various ways. For example, each of
the plurality of transmission paths 406-1 to 406-N may be connected to one antenna array. In another example, the
plurality of transmission paths 406-1 to 406-N may be connected to one antenna array. In still another example, the
plurality of transmission paths 406-1 to 406-N may be adaptively connected to one antenna array, or may be connected
to two or more antenna arrays.

[0044] The rapid development of information industry, particularly the increasing demand from the mobile Internet and
the Internet of Things (loT), brings about unprecedented challenges in the future mobile communications technology.
According to the ITU-R M.[IMT. BEYOND 2020. TRAFFIC] issued by the International Telecommunication Union (ITU),
it may be expected that, by 2020, mobile services traffic will grow nearly 1, 000 times as compared with that in 2010
(4G era), and the number of user device connections will also be over 17 billion, and with a vast number of IoT devices
gradually expand into the mobile communication network, the number of connected devices willbe even more astonishing.
In response to this unprecedented challenge, the communications industry and academia have prepared for 2020s by
launching an extensive study of the fifth-generation mobile communications technology (5G). Currently, in ITU-R
M.[IMT.VISION] from ITU, the framework and overall objectives of the future 5G have been discussed, where the
demands outlook, application scenarios and various important performance indexes of 5G have been described in detail.
In terms of new demands in 5G, the ITU-R M.[IMT. FUTURE TECHNOLOGY TRENDS] from ITU provides information
related to the 5G technology trends, which is intended to address prominent issues such as significant improvement on
system throughput, consistency of the user experience, scalability to support loT, time delay, energy efficiency, cost,
network flexibility, support for emerging services and flexible spectrum utilization, etc.

[0045] Therandom access process is an important way for the user equipment in the system to establish a connection
with the base station. In LTE, the random access process is classified into two types: contention-based random access
process and contention-free random access process. Herein, the contention-based random access process consists of
four steps, as shown in FIG. 5. In the first step, the user randomly selects one preamble from the preamble resource
pool and transmits it to the base station. The base station detects the correlation of the received signal to identify the
preamble transmitted by the user; in the second step, the base station transmits a random access response (RAR) to
the user, including a random access preamble identifier, a timing advance (TA) command determined by a latency
estimation between the user and the base station, a cell-radio network temporary identifier (C-RNTI), and a time-frequency
resource allocated for next uplink transmission of the user; and in a third step, the user transmits a third message (Msg3)
to the base station according to the information in the RAR. Msg3 includes information such as a user equipment identifier
and an RRC link request, herein, the user equipment identifier is unique to the user and is used to resolve the conflict;
and in the fourth step, the base station transmits a conflict resolution identifier to the user, which includes the user
equipment identifier of user who has won the conflict resolution. After detecting its own identifier, the user upgrades the
temporary C-RNTI to the C-RNTI and transmits an acknowledge (ACK) signal to the base station to complete the random
access process and waits for the scheduling of the base station. Otherwise, the user will start a new random access
process after a period of latency.

[0046] For the contention-free random access process, the base station may allocate a preamble for the user since
the base station has already known the user identifier. Therefore, when transmitting the preamble, the user does not
need to randomly select the sequence, but uses the allocated preamble. After detecting the allocated preamble, the
base station transmits a corresponding RAR, which includes information such as the TA and the uplink resource allocation.
After receiving the RAR, the user considers that the uplink synchronization has been completed and waits for the further
scheduling of the base station. Therefore, the contention-free random access process comprises only two steps: step
1:transmitting a preamble; and step 2:transmitting an RAR. The contention-free random access process is used for
processes, such as cell handover and downlink data arrival.

[0047] In some application scenarios of 5G, a fast access process is required. For example, for a fast cell handover,
the handover latency requirement is much smaller than the handover latency requirement in LTE. In these scenarios,
the physical random access channel (PRACH) used for random access is still used, which will result in an increase of
the latency and may not even meet the latency requirement. Therefore, for such scenarios, new designs need to be
adopted to reduce the latency of contention-free random access.

[0048] The existing contention-free random access needs to share the PRACH time-frequency resource with the
contention-based random access process. Considering that the PRACH time-frequency resources are distributed in a
periodic form, this configuration is not suitable for access scenarios with high latency requirements, such as fast handover
in the connected state, when the PRACH time-frequency resource is used for contention-free random access.
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[0049] To sum up, in order to meet the access scenarios with high latency requirements, it is necessary to propose a
technical solution which may solve effectively the high latency in the random access process to reduce access latency
in the contention-free random access process, and finally achieve the purpose of providing the user with a low access
latency and a better access experience on a user equipment (UE) side.

[0050] FIG. 6 is a schematic flowchart of a random access method according to the first embodiment of the present
disclosure. FIG. 6 shows a method for operating the base station 110.

[0051] Referring FIG. 6, in step 610, the base station configures a time-frequency resource and a preamble, and
transmits time-frequency resource configuration information and preamble configuration information. In step 620, the
base station detects the preamble based on the time-frequency resource. In step 630, the base station transmits a RAR,
in response to detecting the preamble.

[0052] Preferably, in step 610, the base station configures an aperiodic time-frequency resource.

[0053] Preferably, when configuring the aperiodic time-frequency resources, the base station configures an aperiodic
time-frequency resource or a set of aperiodic time-frequency resources. Preferably, in case that the base station con-
figures the aperiodic time-frequency resources and the configured time-frequency resources belong to the set of aperiodic
time-frequency resources, a time domain index and a frequency domain index of the time-frequency resource are
determined according to multiplexing scheme. The multiplexing scheme comprises at least one of a frequency division
multiplexing (FDM) and a time division multiplexing (TDM).

[0054] More preferably, in case thatthe multiplexing scheme is the FDM where the time domain index and the frequency
domain index of the time-frequency resource are determined according to, the time-domain index of the time-frequency
resource is determined by using a second predetermined time unit. Herein, the second predetermined time unit comprises
a k,, th time unit after a current time unit or a first available time unit after the k,, th time unit, k,, is a positive integer,
and the time unit k,,, includes any one of the following: a subframe, a slot, a mini slot and a symbol; the frequency domain
index of the time-frequency resource is determined by determining a physical resource block (PRB) index of a first time-
frequency resource, a frequency-domain interval of two adjacent time-frequency resources and the number of time-
frequency resourcesin the frequency domain, based on a uniform distribution of channel time-frequency resources in
the frequency domain; or, the frequency domain index of the time-frequency resource is determined according to a
bitmap; or, the frequency domain index of the time-frequency resource is determined by directly specifying.

[0055] More preferably, in case thatthe multiplexing scheme is the TDM where the time domain index and the frequency
domain index of the dedicated time-frequency resource are determined according to, the frequency domain index of the
time-frequency resource is determined by directly specifying based on the preconfigured channel time-frequency re-
source; the time-domain index of the time-frequency resource is determined, by determining a position of a first time-
frequency resource, a time domain interval of two adjacent time-frequency resources and the number of time-frequency
resources in the time domain, based on a uniform distribution of channel time-frequency resources in the time domain;
or, the time-domain index of the time-frequency resource is determined by directly specifying.

[0056] In case that the multiplexing scheme is a combination of the TDM and the FDM where the time domain index
and the frequency domain index of the time-frequency resource are determined according to, the frequency domain
index of the time-frequency resource is determined by determining a position of a first time-frequency resource, a
frequency-domain interval of two adjacent time-frequency resources, and the number of time-frequency resources in
the frequency domain, based on a uniform distribution of the channel time-frequency resource in the time domain and
frequency domain; the time-domain index of time-frequency resources is determined by determining a position of a first
time-frequency resource, a time-domain interval of two adjacent time-frequency resources and the number of time-
frequency resources in the time domain.

[0057] Preferably, the base station configures the aperiodic time-frequency resource. In this case, the step 610 com-
prises: the time-domain index of the time-frequency resource is determined by using a first predetermined time unit; the
frequency-domain index of the time-frequency resource is determined by using relevant information of the PRB; the first
predetermined time unit comprises determined any one of the following: a subframe, a slot, a mini slot and a symbol;
the first predetermined time unit further comprises a k,, th time unit after the current time unit or a first available time unit
after the k,, thtime unit, herein k,, is a positive integer; the relevant information of the PRB comprises any one of the
following: the index of the PRB, the number of PRBs which offset relative to the uplink bandwidth center, the number of
PRBs which offset relative to the edge of the uplink bandwidth.

[0058] Preferably, the base station configures the aperiodic time-frequency resource. In this case, the step 610 com-
prises the following steps: sorting sequentially available PRBs of the uplink bandwidth in a time index first or a frequency
index first way, and adding a corresponding time domain index and frequency domain index; herein, the uplink bandwidth
comprises all uplink bandwidths or an uplink bandwidth allocated to the corresponding user equipment

[0059] Preferably, the base station configures the aperiodic time-frequency resource. In this case, the step 610 com-
prises the following step: determining the frequency domain index of the time-frequency resource by directly specifying
the PRB index or according to a bitmap.

[0060] It should be noted that the time-frequency resources appeared above are one type of specifically designed
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time-frequency resource and a preamble for providing a lower access latency, which is used for meeting the needs of
fast access scenarios (e.g., a fast cell handover or a user equipments which is receiving low-latency and high-reliability
services). This time-frequency resource and the preamble are different from the traditional physical random access
channel (PRACH) time-frequency resources, (e.g., the time-frequency resource of the PRACH in the fourth generation
(4G) mobile communication) and preamble, and in order to distinguish from the traditional PRACH time-frequency
resource and the preamble, in the following part of this embodiment, the dedicated time-frequency resource and the
dedicated preamble will be taken as an example for indicating the time-frequency resource and the preamble above.
[0061] In the following, a way of configuring dedicated time-frequency resource will be introduced in combination with
a specific system, herein the system may adopt a multi-beam operation, such as, the system operates in a high frequency
band and needs beamforming gain to make up for a large path loss, or the system may also use a single-beam operation,
for example, the system provides coverage over a large angle by adopting an omni-directional antenna.

[0062] In the first embodiment, the base station allocates in an aperiodic way, when allocating the dedicated time-
frequency resource for a fast access. And the base station configures a dedicated time-frequency resource or a set of
dedicated time-frequency resources for one single time, when the base station configures the dedicated time-frequency
resource aperiodically. The schematic diagram of the allocation of a dedicated time-frequency resource is shown in FIG.
7, when a dedicated time-frequency resource is configured for a single time; the schematic diagram of the allocation of
the dedicated time-frequency resources is shown in FIG. 8, when a set of time-frequency resources is configured for a
single time.

[0063] Asshown inFIG. 7,the PRACH time-frequency resources used for random access are periodically distributed
in the time domain. Since the PRACH time-frequency resource has a long period, it may not meet the demand of some
fast access scenarios. When such demand is generated, the base station will allocate a dedicated time-frequency
resource to the user equipment for fast access. In this case, the base station needs to configure the dedicated time-
frequency resource and inform the user equipment.

[0064] Preferably, the way of configuring and informing the dedicated time-frequency resource may adopt the following
ways: a. respectively informing the time-domain index and the frequency-domain index of the dedicated time-frequency
resource, herein, the time-domain index may use a subframe index of a radio frame, or a slot index of the subframe, or
a symbol index of the slot. Another way of configuring the time-domain index is to configure a k4 th subframe after the
current subframe of the user equipment as a start position of the dedicated time-frequency resource for fast access,
and the parameter k; is informed, herein k; is a positive integer; or configure a k, th symbol of the user equipment after
the current symbol as the start position of the dedicated time-frequency resource for fast access, and the parameter k,
is informed, herein k; is a positive integer. The frequency domain index may be represented by the index of the PRB or
by using the number of PRBs which offset relative to the center of the uplink bandwidth or the edge of the bandwidth
(for example, a first PRB), and meanwhile, the above time domain index and frequency domain index are both informed
by a physical downlink control channel (PDCCH).

[0065] Preferably, the way of configuring and informing the dedicated time-frequency resource may be as follows: b.
sorting sequentially available PRBs of the uplink bandwidth in a time index first or a frequency index first way, and adding
a corresponding time domain index and frequency domain index, informing the time domain index and the frequency
domain index for the user when configuring the dedicated time-frequency resource. The above way of sorting sequentially
the PRBs may be performed on all the available bandwidths or performed on the bandwidth allocated for the corresponding
user equipment, and meanwhile, the above time domain index and frequency domain index are both informed by the
PDCCH.

[0066] Preferably, the way of configuring and informing the dedicated time-frequency resource may be as follows: c.
predetermining the time resource and configuring the frequency resource simultaneously. For example, when configuring
the frequency resource, a PRB index or a bit-map may be used for notification, and the configuration and indication of
the frequency resource may be informed by the PDCCH.

[0067] AsshowninFIG. 8, the base station allocates a set of dedicated time-frequency resources to a user equipment
which needs fast access. The set of dedicated time-frequency resources may be distinguished in a time division way or
a frequency division way. FIG. 8 show an example of distinguishing in the time division way. After receiving the config-
uration information of the set of dedicated time-frequency resources, the user equipment randomly selects a dedicated
time-frequency resource in an equal probability to transmit the preamble.

[0068] Preferably, the step of configuring and informing a set of dedicated time-frequency resources in way of a: the
number of time-frequency resources in the dedicated time-frequency resource set for fast access and each dedicated
time-frequency resource configuration for fast access are informed. Herein, the configuration and indication of each
dedicated time-frequency resource may adopt the above ways for configuring only a single dedicated time-frequency
resource.

[0069] Preferably, the step of configuring and informing a set of dedicated time-frequency resource in way of b: if each
time-frequency resource in the set of dedicated time-frequency resource is distinguished by using the FDM, the time
domain index may be configured in a predetermined way. For example, it is predetermined that a first subframe after
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the k5 th subframe after the dedicated time-frequency resource configuration information is received, or the first slot after
the k4 th slot, or the first symbol after the k5 th symbol, or the first mini slot after the kg th mini slot, as the time domain
index of the dedicated time-frequency resource used for fast access, herein, k3, k,, k5 and kg are all positive integers;
the time domain indexes (i.e., parameters k3, k4, ks and kg) indicated by the above latency may also be informed by the
PDCCH or the higher layer signaling configuration; for the frequency domain index, that is, the frequency domain position
of the dedicated time-frequency resource used for fast access may be configured and informed by the following ways:
[0070] First, a way of b.1 is used to configure and inform the frequency domain index: if the channel time-frequency
resources are arranged according to certain rules in the frequency domain, for example, distributed in the frequency
domain at fixed intervals. The position of the first time-frequency resource (for example, the first PRB index of the first
time-frequency resource), the frequency domain interval (for example, in the unit of the number of PRBs) of two adjacent
time-frequency resources, and the number of time-frequency resources in frequency domain may be informed in fre-
quency domain, and the way of configuring the frequency domain resource of the dedicated time-frequency resources
using the way b.1 is shown in FIG. 9. In the example shown in FIG. 9, the configured dedicated time-frequency resource
setconsists of 3 dedicated time-frequency resources, which occupy the same time-domain resources (such as subframes,
slots or symbols) and are spaced by the same number of PRBs (m PRBs in the FIG. 9). The base station informs the
frequency domain positions of the first dedicated time-frequency resource, such as the index of the first PRB, the interval
m between dedicated time-frequency resources, and the number of dedicated time-frequency resources, when informing
the configuration of the dedicated time-frequency resources to the user equipment. It should be noted that, another way
of configuring is that the frequency domain position of the first dedicated time-frequency resource or the dedicated time-
frequency resource interval or the number of dedicated time-frequency resources is determined in a predetermined way
or by higher layer signaling configuration, and configured as fixed parameter in the downlink physical control channel.
[0071] Second, configuring and informing the frequency domain index in way b.2: that is, determining the frequency
domain index of the dedicated time-frequency resource set according to a bitmap, dividing the uplink channel time-
frequency resource into resource sets according to a PRB or an integer number of PRBs, and adding an index for each
resource set. A bit seta = [by, ..., by is defined, herein the number of elements in the bit set is same as the divided
number of resource sets, and the value of the ith element b; in the bit set is 0 or 1, indicating whether the ith resource
set is to be used as a dedicated time-frequency resource, herein 0 represents not used for dedicated time-frequency
resources, and 1 represents used for dedicated time-frequency resources. For example, the time-frequency resource
of each access channel is composed of 6 PRBs in the frequency domain, in this case, the uplink bandwidth available
for fast access is divided into some of sets in a set of 6 PRBs, and the value of the corresponding element in the bit set
is determined according to whether the resource set is available as the dedicated time-frequency resource for fast access.
[0072] Thirdly, configuring and informing the frequency domain index in a way of b.3: the frequency domain position
of each dedicated time-frequency resource is directly determined and informed, for example, the index of the first PRB
of each dedicated time-frequency resource is directly determined and informed.

[0073] Preferably, configuring and informing a set of time-frequency resources in a way of c: if each dedicated time-
frequency resources in the dedicated time-frequency resource set are distinguished by TDM, the frequency domain
index of each dedicated time-frequency resources in the dedicated time-frequency resource set may be determined in
a predetermined way (e.g., a frequency domain resource for the dedicated time-frequency resource is predetermined
to determine the frequency domain index of the PRB of the dedicated time-frequency resource in the dedicated time-
frequency resource set), or the frequency domain position of the PRB is determined by a higher layer signaling config-
uration; the following ways may be used to determine the time domain index.

[0074] First, configuring and informing the frequency domain index in a way ofc.1: the time domain index of each
dedicated time-frequency resource in the dedicated time-frequency resource set is directly informed, and the time domain
index may be represented by one of the subframe index, the slot index or the symbol index, or a combination thereof.
[0075] Second, configuring and informing the frequency domain index in a way ofc.2: if each dedicated time-frequency
resource in the dedicated time-frequency resource set is configured according to certain rules, the way of configuring
and informing may be simplified. For example, each dedicated time-frequency resource in the dedicated time-frequency
resource set is configured at equal intervals, by informing the time domain index of the first dedicated time-frequency
resource, the time interval of the adjacent dedicated time-frequency resource, and the number of the dedicated time-
frequency resources, the time domain index of each dedicated time-frequency resource in the dedicated time-frequency
resource set is determined, herein, the time-domain interval of the adjacent dedicated time-frequency resource may
also be presented by a dedicated time-frequency resource density.

[0076] Configuring and informing the frequency domain index in a way of d: if TDM and FDM are used simultaneously
to distinguish each dedicated time-frequency resource in the dedicated time-frequency resource set, and each dedicated
time-frequency resource is configured according to certain rules in the time domain and the frequency domain, the
configuration and indication of dedicated time-frequency resources may be implemented by using a combination of the
above ways of b and c. If the dedicated time-frequency resource is distributed in an even space in the frequency domain
and the time domain, the frequency domain interval, the time domain interval (or the time domain density), the time
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domain index and the frequency domain index of the first dedicated time-frequency resource, as well as the number of
dedicated time-frequency resources in a time domain direction and the number of dedicated time-frequency resources
in a frequency domain direction may be informed, as shown in FIG. 10.

[0077] It should be noted that, for a multi-beam operation system, the dedicated time-frequency resource for fast
access should be considered as a dedicated access opportunity, which comprises multiple access time-frequency
resources thatmay be used for transmitting the preamble, and multiple access time-frequency resources in one dedicated
access opportunity may use the same or different transmitting beams to transmit the preamble, and a simple schematic
diagram is shown in FIG. 11. Similarly, the above dedicated time-frequency resource set should be considered as a
dedicated access opportunity set, which comprises multiple dedicated access opportunities for fast access in the multi-
beam operation.

[0078] Inaddition, while configuring the dedicated time-frequency resource, itis also necessary to configure a dedicated
preamble or a dedicated preamble pool for fast access, and the dedicated preamble pool comprises multiple dedicated
preambles. When configuring one dedicated preamble, the base station transmits one dedicated preamble for fastaccess
to the user equipment through the PDCCH in a form of a preamble index. When configuring the dedicated preamble
pool, the base station informs the user equipment in the PDCCH by using the sequence index of the first dedicated
preamble in the dedicated preamble pool and the number of dedicated preambles in the dedicated preamble pool.
[0079] In the first embodiment of the present disclosure, the base station enables the user perform a fast random
access directly through the dedicated time-frequency resource and the dedicated preamble by allocating the dedicated
time-frequency resource under an access scenario with high latency requirements without random access using PRACH
time-frequency resource, thus greatly reducing the access latency in the random access process to ensure that the
service latency requirements are met and improve the user experience, and improve the overall performance of the
network.

[0080] The second embodiment of the present disclosure provides a random access method. the second embodiment
is further improved on the basis of the first embodiment (refer to FIG. 6), and the main improvement lies in that the
method further comprises step 640 (not shown). In any of the following cases, the base station configures the PRACH
time-frequency resource and the random access preamble based on random access by the PRACH configuration
information, and instructs the user equipment to perform the random access based on the PRACH; the cases comprises
that the preamble is not detected or after the base station configures the time-frequency resource and the preamble.
[0081] Preferably, if the random access is a contention-free random access, the dedicated preambile is the same as
or different from the contention-free preamble, the step of configuring the PRACH time-frequency resource and the
random access preamble based on the random access, specifically comprises the following steps: configuring the
contention-free PRACH time-frequency resources when the dedicated preamble is the same as the contention-free
preamble; configuring the contention-free PRACH time-frequency resources and the contention-free preamble when
the dedicated preambile is different from the contention-free preamble.

[0082] In the second embodiment, the schematic flowchart of a process at base station side is shown in FIG. 12,
comprises the following steps:

Step 1: the base station allocates a dedicated time-frequency resource for fast access, and a dedicated preamble
or a dedicated preamble pool for fast access, and informs the user equipment by the PDCCH, the physical downlink
shared channel, or the higher layer signaling.

Step 2: the base station detects, on the allocated dedicated time-frequency resource, either the dedicated preamble
allocated for fast access or any dedicated preamble of the dedicated preamble pool allocated for fast access.

Step 3: if the base station successfully detects one dedicated preamble allocated for fast access or any dedicated
preamble of the dedicated preamble pool allocated for fast access, the base station transmits a corresponding RAR.

Step 4: if the base station does not detect the corresponding dedicated preamble on the allocated dedicated time-
frequency resource, it indicates that the fast access process fails, and the base station instructs the corresponding
user equipment to perform the random access process on the PRACH, and allocates the corresponding random
access preamble. If all user equipments to which the dedicated preamble or the dedicated preamble pool are
allocated on the allocated dedicated time-frequency resources are detected by the base station, the base station
releases the corresponding dedicated time-frequency resources as well as the dedicated preamble or the dedicated
preamble pool.

[0083] In the second embodiment, when allocating a dedicated time-frequency resource for fast access, the base

station allocates in an aperiodic way, that is, the base station allocates only a dedicated time-frequency resource used
or a set of dedicated time-frequency resource for a single time fast access, meanwhile, the base station configures a

10



10

15

20

25

30

35

40

45

50

55

EP 3 636 037 B1

PRACH configuration and a corresponding contention-free preamble index based on a contention-free random access
process. Herein, the system periodically allocates the PRACH time-frequency resources used for the random access
process, and informs the user equipment in the cell through a master information block (MIB) or a system information
block (SIB) indicated by the MIB in a broadcast channel. For the dedicated time-frequency resource for fast access
configured by the base station, the way described in the first embodiment of the present disclosure may be used to
configure and inform. For the PRACH time-frequency resource, the PRACH configuration information is used for PRACH
time-frequency resource configuration and indication, and the corresponding random access preamble is configured
simultaneously. It should be noted that for the dedicated time-frequency resource used for fast access, the dedicated
preamble also needs to be transmitted, which may use a random access preamble configured for a PRACH time-
frequency resource or use a different preambile.

[0084] Preferably, if the dedicated time-frequency resource and the PRACH time-frequency resource use the same
preamble, the configured contents at the base station side comprises: the dedicated time-frequency resource, the PRACH
time-frequency resource and the preamble index; if the dedicated time-frequency resources and the PRACH time-
frequency resources use different preambles, the configured contents at the base station side include: the dedicated
time-frequency resources, the dedicated preamble index, the PRACH time-frequency resources and the random access
preamble index; herein , the base station side uses the way described in the first embodiment of the present disclosure
to configure the dedicated time-frequency resource. The two configuration ways are shown in FIG. 13, and the left
diagram in FIG. 13 shows that the dedicated time-frequency resource has the same preamble as the PRACH time-
frequency resource, therefore, only one preamble index may be configured; and right diagram in FIG. 13 shows that the
preamble used by the dedicated time-frequency resource is different from the preamble used by the PRACH time-
frequency resource. In this case, the preamble index 1 indicates the dedicated preamble used by the dedicated time-
frequency resource, and the preamble index 2 indicates the random access preamble used by the PRACH time-frequency
resource.

[0085] In addition, a schematic diagram of a time-frequency resource configuration described in the second embodi-
ment is shown in FIG. 14. In FIG. 14, a PRACH time-frequency resource is configured in a periodic way. Meanwhile, in
order to reduce access latency, the dedicated time-frequency resources for fast access is configured.

[0086] In the second embodiment of the present disclosure, the base station not only allocates the dedicated time-
frequency resource and the dedicated preambile for the user equipment, so that the user performs a fast random access
under certain access scenarios with a high latency requirement, but also allocates the PRACH time-frequency resource
and the random access preamble to ensure that the user equipment continues to use the PRACH time-frequency
resource and the random access preamble to initiate the random access when the user equipment may not use the
dedicated time-frequency resource and the dedicated preamble to initiate the random access, thereby providing more
access opportunities to a user equipment to ensure that the service needs are met.

[0087] The third embodiment of the present disclosure provides a random access method. In this embodiment, a base
station configures a periodic time-frequency resource for a user equipment that needs to perform a fast access, and
configures a corresponding preamble and informs the corresponding user equipment by the PDCCH or by a higher layer
signaling configuration. It should be noted that the process of the third embodiment of the present disclosure is substan-
tially the same as the process of the first embodiment of the present disclosure (refer to FIG. 6), and the main difference
lies in that in the third embodiment of the present disclosure, the base station configures the periodic time-frequency
resource when configuring time-frequency resource in step 610.

[0088] Preferably, the step of configuring the time-frequency resource by the base station comprises: configuring, by
the base station, the periodic time-frequency resource; herein, the step of configuring the periodic time-frequency re-
sources by the base station, comprises: determining a period of the time-frequency resources; and determining the time
domain index of the time-frequency resources and the frequency-domain PRB index.

[0089] Preferably, the step of configuring the time-frequency resource by the base station comprises: determining the
time domain index of the time-frequency resource by using a third predetermined time unit; and determining the frequency-
domain PRB index of the time-frequency resource according to a predefined resource block index generation rule.
[0090] Preferably, the third predetermined time unit comprises at least one of the following: a subframe, a slot, a mini
slot and a symbol; the predefined resource block index generation rule comprises any one of the following: a first
frequency domain change rule; a second frequency domain change rule; a pseudo-random number-based rule, a third
frequency domain change rule, herein the first frequency domain change rule is to determine a frequency-domain PRB
index of a time-frequency resource only associated with a time unit index; the second frequency domain change rule is
to determine a frequency-domain PRB index of the time-frequency resources only associated with time-frequency re-
source orders; the pseudo-random number-based rule is to determine the frequency-domain PRB index of the time-
frequency resources associated with a cell ID or a terminal equipment ID; the third frequency domain change rule is to
determine the frequency-domain PRB index of the time-frequency resource associated with both the third predetermined
time unit index and the time-frequency resource order.

[0091] More preferably, when the predefined resource block index generation rule is the first frequency domain change
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rule, it is determined that the frequency-domain PRB index of the dedicated time-frequency resource comprises: deter-
mining the frequency-domain PRB index of the dedicated time-frequency resource by using the following equation 1:

[equation 1]

)= {npRB t.,- is odd number
PRB T Nprp-hprp 1; is even number

herein, t; denotes a time unit index, npgg denotes a frequency domain index in the dedicated time-frequency resource
configuration, Nprg denotes the number of PRBs included in the uplink bandwidth, and fprg denotes a frequency-domain
PRB index corresponding to the time unit index {;.

[0092] More preferably, when the predefined resource block index generation rule is the second frequency domain
change rule, the step of determining the frequency domain index of the dedicated time-frequency resource comprises:
determining the frequency-domain PRB index of the dedicated time-frequency resource by the following equation 2:

[equation 2]

Sy () =mod(mpgp +iM, Npgp)

t; denotes the time unit index of the i th dedicated time-frequency resource, npgp denotes the frequency domain index
in the dedicated time-frequency resource configuration, Npgrg denotes the number of PRBs included in the uplink band-
width, fprg denotes the frequency-domain PRB index of the i th access channel.

[0093] More preferably, when the predefined resource block index generation rule is the pseudo-random number-
based rule, the step of determining the frequency domain index of the dedicated time-frequency resource comprises:
determining a frequency-domain PRB index of the dedicated time-frequency resource by using the following equation 3:

[equation 3]

Jorg(t)=mod(nprp < (i), Nprp)

t; represents the time unit index of the ith dedicated time-frequency resource, nprg represents the frequency domain

index in the dedicated time-frequency resource configuration, Npgg represents the number of PRBs included in the
g )

uplink bandwidth, f(l): ”Z:(k)() @ c(n)+] , the function kg (i)is the initial term of the summation terms and is related

to the index i or not; the function k; (i)is the end term of the summation terms and is related to the index / or not, the

function c(n)is a polynomial-based pseudo random number generation function, and the initial state of c¢(n) is a cell ID

or a user equipment ID.

[0094] More preferably, when the predefined resource block index generation rule is the third frequency domain rule,
the step of determining the frequency domain index of the dedicated time-frequency resource comprises: determining
the frequency-domain PRB index of the dedicated time-frequency resource by the following equations (4) or (5):

[equation 4]
mod(npgp +1, Npgp) t;is odd number
Song ()= { mod(nppp -i, Nppp)t;is even number
[equation 5]
mod(nppp (i), Nprp) t; is odd number
mod(nppp -f{i), Nprp)t; is even number
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t; represents the time unit index of the ith dedicated time-frequency resource, npgg represents the frequency domain

index in the dedicated time-frequency resource configuration, Nprg represents the number of PRBs included in the

d 1 (1)
- . n
uplink bandwidth, J@)=2, e+ 1

to the index i or not; the functionk; (i)is the end term of the summation terms and is related to the index i or not, the

, the function k (i)is the initial term of the summation terms and is related

function c¢(n) is a polynomial-based pseudo random number generation function, and the initial state of c(n) is a cell ID

or a user equipment ID.

[0095] More preferably, the step of transmitting the configured dedicated time-frequency resource in step 610 specif-
ically comprises: transmitting the time-domain index of the first time-frequency resource, the frequency-domain PRB
index and the period; the unit of the period is any one of a radio frame, a subframe, a slot and a mini slot.

[0096] Preferably, when configuring the dedicated time-frequency resource, the dedicated time-frequency resources
different in time may use different frequency domain resources for the periodically configured dedicated time-frequency
resources. First, the first frequency domain change rule specifies that the frequency domain change rule is only associated
with the time unit index. When the predefined rule is the first frequency domain change rule, one possible way is to
define the time domain index as the subframe index t;, the frequency domain index configured in the dedicated access
channel configuration is denoted as nprg , the number of PRBs included in the uplink bandwidth is denoted as Npgg,
and the frequency-domain PRB index fprg of the subframe ¢; is calculated as shown in equation 6 :

[equation 6]

)= {npRB .l,- is odd number
PRB T Nprp-tippp t; is even number

[0097] Herein, "odd number" and "even number" in the equation 6 may exchange the positions thereof. The mapping
diagram of the dedicated time-frequency resource is obtained according to the calculation of equation 6, as shown in
FIG. 15, herein, the dedicated time-frequency resources in odd-number subframe and the dedicated time-frequency
resources in the even-number subframe are symmetrically distributed that centers on the uplink bandwidth.

[0098] Secondly, when the predefined rule is the second frequency domain change rule, that is, when the frequency-
domain PRB index only associated with the order of the dedicated time-frequency resource is determined according to
the second frequency-domain change rule, the frequency domain change rule is specified, which is only associated with
the order of the dedicated time-frequency resource. For example, the time domain index is still defined as the subframe
index, and the time domain index of the i th dedicated time-frequency resource is t;, the frequency domain index configured
in the dedicated access channel configuration is denoted as nprg, and the number of PRBs included in the uplink
bandwidth is Npgg, and the frequency-domain PRB index fprg of the i th dedicated time-frequency resource is calculated
as shown in equation 7:

[equation 7]

Sy (t) =mod(mpgp +iM, Npgp)F

[0099] Herein, equation 7 represents that the frequency domain position is obtained according to a linear rule. The
parameter M is a frequency domain unit spaced between two adjacent dedicated time-frequency resources in the
frequency domain, and the frequency domain unit may be a PRB or a PRB set composed of multiple PRBs. As shown
in FIG. 16, it should be noted that, FIG. 16 is a schematic diagram of a dedicated time-frequency resource obtained by
assuming that the parameter M is a positive number, herein the parameter M may also be a negative number, and if M
is 0, it means that dedicated time-frequency resources all use the same frequency-domain resource.

[0100] Again, when the predefined rule is the pseudo-random number-based rule, that is, when the frequency-domain
PRB index associated with the adjustment parameter is determined according to the pseudo-random number-based
rule, the adjustment parameter of each PRB index is not linear, but a pseudo-random number generated according to
the cell ID or the user equipment ID. For example, the frequency-domain PRB index fprg of the i th dedicated time-
frequency resource is calculated as shown in equation 8:

13



10

15

20

25

30

35

40

45

50

55

EP 3 636 037 B1
[equation 8]

Sy () =mod(npgp + (i), Npgp)Formula

[0101] Herein, f(i) in equation 8 is a pseudo-random number generation function whose initial state is generated by
the cell ID or the user equipment ID. For example, a simple representation is as shown in equation 9:

[equation 9]

J@=21% )+ IF

[0102] Herein, the function k, (i) is the initial term of the summation terms, which is related to the index i or not; the
function k; (i)is the end term of the summation terms, which is related to the indexi or not; the function ¢(n) is a polynomial-
based pseudo-random number generation function, such as a pseudo-random number generation function based on M
sequences or a pseudo-random number generation function based on Gold sequences. The initial state of the function
c(n) is the cell ID or the user equipment ID. The mapping diagram of the dedicated time-frequency resources is obtained
according to the calculation of the equation 8, as shown in FIG. 17.

[0103] Finally, when the predefined rule is the third frequency domain change rule, that is, when the frequency-domain
PRB index corresponding to both the time unit index and the dedicated time-frequency resource order is determined
according to the third frequency-domain change rule, a frequency domain change rule is specified, which is associated
with both the time unit index and the dedicated time-frequency resource order. Taking the above two examples as an
example, the time domain index is still defined as the subframe index, and the time domain index of the ith dedicated
time-frequency resource is f;, the frequency domain index configured in the dedicated time-frequency resource config-
uration is denoted as nprg , the number of PRBs included in the uplink bandwidth is denoted as Npgp , and the frequency-
domain PRB index fprg of the ith dedicated time-frequency resource is calculated as shown in equation 10 or 11:

[equation 10]

mod(mppp +i, Nppp) t; is odd number
Sorg () = { . . Formula
PRB mod(npgp -i, Nprp)t; is even number
[equation 11]
mod(nppp (i), Nprp) t; is odd number
Sorp ()= { . . Formula
PRB mod(nppp -f{i), Nppp)t; is even number

[0104] Herein, the "odd number" and "even number" in equations (10) and (11) may exchange the positions thereof.
[0105] Preferably, in this embodiment, when the dedicated time-frequency resource configuration information is in-
formed, the time-frequency position of the first dedicated time-frequency resource is informed, and the dedicated time-
frequency resource may be informed by using the way in the first embodiment of the present disclosure. Meanwhile, it
is necessary to inform the configuration period of the periodic dedicated time-frequency resource, and the configuration
period may be informed to the corresponding user equipment by the PDCCH or the higher layer signaling configuration
together with the first dedicated time-frequency resource in a periodic way.

[0106] Preferably, a way of informing of the period is that the period may be configured and informed in unit of a
subframe, a slot and a symbol, or may be informed through a look-up table, that is, sorting the available periods and
adding the indexes so as to obtain the corresponding look-up table. The base station and the user equipment both have
the storage of the look-up table or may obtain the correspondence between the corresponding period and the index.
When the period is informed, the index corresponding to the period may be directly informed, and a possible look-up
table of period of configuration and indication is shown in Table 1.
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[Table 1]
Index Configuration period (slot)
0 2
1 4
2 6
3 8

[0107] Preferably, another way of informing the period is that the period may be configured and informed in the form
of density. For example, the density is defined as the number of dedicated time-frequency resources available in a time
unit, and the time unit may be a radio frame, or a subframe, or a slot. Through the density configuration and the time-
frequency index of the first available dedicated time-frequency resource, the user equipment may determine the time-
frequency position of the subsequent dedicated time-frequency resources. The configuration and indication of the period
performed in the form of density may adopt a way of the look-up table or the index, and Table 2 shows a possible look-
up table of configuration and indication.

[Table 2]
index density
0 0.5
1 1
2 2
3 4

[0108] Herein, the density defined in Table 2 is the number of dedicated time-frequency resources in a unit subframe,
herein a density of 0.5 indicates that there is one dedicated time-frequency resource in every two subframes, a density
of 1 indicates that each subframe has a dedicated time-frequency resource, a density of 2 indicates that each subframe
has two dedicated time-frequency resources, and so on. It should be noted that the density shown in Table 2 may be
defined as the number of dedicated time-frequency resources in a unit radio frame or the number of dedicated time-
frequency resources in a unit slot.

[0109] Preferably, another way of informing the period is: a dedicated time-frequency resource configuration structure
is predefined, as shown in FIG. 18, and a possible time-frequency resource index and period/density are jointly informed
by the dedicated time-frequency resource configuration structure in the form of an index table, and the dedicated time-
frequency resource configuration structure may possibly comprises the following contents: the time domain position
(index) which possibly appear in the dedicated time-frequency resource, the frequency domain position (index) and the
period or density of the dedicated time-frequency resource. The possible time domain positions are represented by the
available symbol index, the slot index, or the subframe index; the possible frequency domain positions are represented
by the indices of the PRBs.

[0110] It should be noted that, the above predefined dedicated time-frequency resource configuration structure may
be configured and informed through an index table. Specifically, an index is defined for each possible dedicated time-
frequency resource. The correspondence between the index and the dedicated time-frequency resource configuration
may be described by using a look-up table or an index table, and only the index corresponding to the dedicated time-
frequency resource is informed when informing. After receiving the configuration information index, the user equipment
obtains the corresponding dedicated time-frequency resource from the index table, and obtains the time-frequency
resource position of each dedicated time-frequency resource.

[0111] Preferably, another way of informing the period is: the configuration of the PRACH time-frequency resource is
multiplexed and the configuration of the dedicated time-frequency resource is completed by transmitting the configuration
of the PRACH time-frequency resource.

[0112] The fourth embodiment of the present disclosure provides a random access method. the fourth embodiment
is further improved on the basis of third embodiment, and the main improvement lies in that in Embodiment 4, the base
station not only configures the periodic dedicated time-frequency resources and corresponding dedicated preambles
for the user equipment requiring fast access, but also informs the corresponding user equipment by the PDCCH or by
the higher layer signaling configuration, moreover, the base station further configures a PRACH time-frequency resource
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and a corresponding random access preamble for the user equipment. A possible way of configuring the time-frequency
resource is shown in FIG. 19.

[0113] In the fourth embodiment, the way of configuring and informing the dedicated time-frequency resources may
adopt the way provided in the third embodiment of the present disclosure to perform time-frequency resource allocation,
time-frequency resource configuration and indication. Meanwhile, in a case that the base station configures a PRACH
time-frequency resource and a corresponding random access preamble for a user equipment requiring fast access, the
user equipment initiates a contention-free random access process. Herein, the contention-free preamble for contention-
free random access process may be the same or different from the dedicated preamble of the dedicated time-frequency
resource. When the dedicated preamble is the same as the contention-free preamble, the base station needs to configures
the following contents: a dedicated time-frequency resource, a PRACH time-frequency resource and a preamble; when
the dedicated preambile is different from the contention-free preamble, the base station needs to configures the following
contents: a dedicated time-frequency resource, a dedicated preamble, a PRACH time-frequency resource and arandom
access preamble.

[0114] The fifth embodiment of the present disclosure provides a random access method for a user equipment to
perform a corresponding random access. The specific flow is shown in FIG. 20.

[0115] Referring FIG. 2, in step 2010, the user equipment receives information regarding configurations of a time-
frequency resource and a preamble configured by the base station. In step 2020, the user equipment transmits the
corresponding preamble based on the dedicated frequency resource and the preamble. In step 2030, the user equipment
determines an end of an random access process when successfully receiving an RAR corresponding to the preamble
transmitted by the base station.

[0116] It should be noted that, the time-frequency resource and the preamble configured by the base station are
obtained by the received time-frequency resource configuration information and the preamble configuration information.
[0117] Preferably, if multiple time-frequency resources configured by the base station are configured and meanwhile
multiple preambles are configured, the step of transmitting the corresponding preamble based on the time-frequency
resource and the preamble, specifically comprises: a time-frequency resource is selected from multiple time-frequency
resources in an equal probability way, and a preamble is selected from multiple preambles in an equal probability way,
and the selected preamble is transmitted based on the selected time-frequency resource.

[0118] Preferably, the step of the RAR corresponding to the preamble transmitted by the base station is received
successfully, specifically comprises: it is detected that an RAR is received within an random access window after a
predefined time period, and the preamble identifier of the RAR is the same as the transmitted preamble identifier.
[0119] Preferably, the method further comprises Step 2040 (not shown). In Step 2040, if the RAR corresponding to
the preamble transmitted by the base station is not received, a contention-based random access or a contention-free
random access is performed, based on the PRACH time-frequency resource and the random access preamble.
[0120] Preferably, the method further comprises Step 2000 (not shown) before Step 2020. In Step 2000, the user
equipment receives a first PRACH time-frequency resource and multiple contention preambles of contention-based
random access; and/or, the user equipmentreceives a second PRACH time-frequency resource based on the contention-
free random access and a contention-free preamble of contention-free random access.

[0121] Preferably, the step of if the time-frequency resource and the first PRACH time-frequency resource are received
or the time-frequency resource and the second PRACH time-frequency resource are received, transmitting the corre-
sponding preamble, comprises any one of the following: selecting a first channel time-frequency resource that meets a
predefined number of subframes, slots, mini slots or symbols, and transmitting the corresponding preamble; and within
afirst predefined time period, selecting one access channel time-frequency resources in an equal probability, transmitting
the corresponding preamble; selecting the time-frequency resource, transmitting the corresponding preamble.

[0122] Preferably, the base station configures a set of aperiodic time-frequency resources or the base station configures
a set of the periodical time-frequency resources; before performing the contention-based random access or contention-
free random access based on the PRACH, the method further includes: transmitting the preamble based on any time-
frequency resource meeting a predefined process latency.

[0123] Preferably, the step of performing the contention-based random access or the contention-free random access
based on the PRACH specifically comprises: contention-free random access is performed based on the second PRACH
time-frequency resource and the contention-free preamble.

[0124] Preferably, ifthe RAR corresponding to the preamble transmitted by the base station is notreceived, the transmit
power of the preamble is adjusted; and the corresponding preambile is transmitted again by the adjusted transmit power
of the preamble based on the time-frequency resource and the preamble.

[0125] More preferably, if the number of times of transmitting of the preamble is greater than or equal to the predefined
threshold for the number of accesses, the contention-based random access is performed or the cell reselection is
performed based on the time-frequency resource of the PRACHs.

[0126] In the fifth embodiment, the schematic diagram of the processing flow at the user equipment side is shown in
FIG. 21, which comprises the following steps:
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Step 1:receiving a dedicated time-frequency resource for fastaccess allocated by a base station, and a corresponding
dedicated preamble or a dedicated preamble pool;

Step 2: transmitting either one dedicated preamble or a dedicated preamble pool for fast access according to the
dedicated preamble or the dedicated preamble pool allocated by the base station and the dedicated time-frequency
resource.

Step 3: after transmitting the preamble, the RAR is detected on the corresponding downlink control channel or
downlink shared channel. If the RAR is successfully received, and the preamble identifier in the RAR matches with
the transmitted preamble, the fast access process is completed; if the RAR is not successfully received, the PRACH
time-frequency resource and the random access preamble are used to perform contention-based random access
process or contention-free-based random access process.

[0127] In a first specific application scenario of the present disclosure, after receiving the dedicated time-frequency
resource and the dedicated preamble configured by the base station, the user equipment transmits the configured
dedicated preamble on the corresponding time-frequency resource. If the base station configures a dedicated time-
frequency resource set composed of multiple dedicated time-frequency resources, or the base station configures the
dedicated time-frequency resource of the same period, the user equipment selects one dedicated time-frequency re-
source there from in an equal probability way. If the base station configures a dedicated preamble pool composed of
multiple dedicated preambles, the user equipment selects a dedicated preamble there from in an equal probability way.
It should be noted that the dedicated time-frequency resource represents a channel time-frequency resource dedicated
for fast access, herein the dedicated time-frequency resource may be configured for one or more user equipments. If
the dedicated time-frequency resource is configured for multiple user equipments, the multiple user equipments use
different dedicated preambiles.

[0128] In asecond specific application scenario of the present disclosure, after receiving the dedicated time-frequency
resource and the dedicated preamble for fast access, the user equipment further receives a PRACH time-frequency
resource and random access preamble for random access. In this case, the user equipment selects one channel time-
frequency resource for transmitting the preamble among the available channel time-frequency resources (including the
dedicated time-frequency resources and the PRACH time-frequency resources). Specifically, the possible selection way
comprises: way a: selecting a first available channel time-frequency resource meeting the processing delay and trans-
mitting the preamble, herein the first available channel time-frequency resource that meets the processing delay is
defined as the first available channel time-frequency resource after Kt time unit after receiving the configuration infor-
mation. If the first available channel time-frequency resource is a dedicated time-frequency resource, a dedicated pre-
ambile is transmitted on the dedicated time-frequency resource, and if the first available channel time-frequency resource
is a PRACH time-frequency resource, and then a random access preamble is transmitted on the random access time-
frequency resource. Way of b: within a specified period of time, an available channel time-frequency resource is selected
randomly in an equal probability for transmitting the preamble. Way c:a dedicated time-frequency resources is selected
for transmitting the preamble.

[0129] It should be noted that, for the way of a, even if the base station configures a dedicated time-frequency resource,
the user equipment still possibly uses the PRACH time-frequency resource to attempt access without selecting the
configured dedicated time-frequency resource due to the large processing delay, as shown in FIG. 22. In FIG. 22, since
the processing delay of the user equipment is relatively large, the preamble may not be transmitted on the configured
dedicated time-frequency resource, and therefore the preambile is still transmitted by selecting the PRACH time-frequency
resource.

[0130] In a third specific application scenario of the present disclosure, after transmitting the preamble, the user
equipment detects an access response within a random access window after a specified time sequence. If the RAR
corresponding to the preamble transmitted by the base station is successfully received, that is, the access response is
detected within the random access window, and the preamble identifier included in the access response signal matches
the transmitted preamble, that is, if the preamble identifier included in the access response signal is the same as the
transmitted preamble identifier, it is determined that the random access process ends. If the access response is not
detected within the random access window or the access response is detected after the preamble is transmitted by the
user equipment, but the preamble identifier included in the access response does not match the transmitted preamble
identifier, that is, the preamble identifier included in the access response is different from the transmitted preamble
identifier, it is considered that the access fails this time, and the user equipment re-attempts the random access.
[0131] Herein, when the user equipment re-attempts the random access, the following possible preferred ways may
be adopted:

In a preferred way of a, the dedicated time-frequency resources configured to meet a predefined processing delay is
continued to be used to perform a fast access attempt while the accesses times is counted and the transmit power of
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the preamble subsequently attempted are adjusted according to the number of accesses, herein, the meeting of a
predefined processing delay may be defined as the first available channel time-frequency resource after the Lth time
unit after receiving the configuration information, herein the time unit is any one of the following: a subframe, a slot, a
mini slot and a symbol.

[0132] In a preferred way of b, a dedicated time-frequency resource reconfigured by the base station is continuously
received. If the dedicated time-frequency resource reconfigured by the base station is received within a predefined slot,
the transmitting process of the dedicated preamble in this embodiment is repeated based on the dedicated time-frequency
resource received again; if the dedicated time-frequency resource reconfigured by the base station is not received within
a predefined slot, the preamble is transmitted by using the configured PRACH time-frequency resource and the corre-
sponding random access preamble, meanwhile, the number of accesses is counted and the transmit power of the
preamble to be subsequently attempted is adjusted according to the number of accesses.

[0133] In a preferred way of ¢, the downlink control channel is monitored. If the PRACH time-frequency resource and
the corresponding random access preamble configured for the user equipment are detected, the configured PRACH
time-frequency resource and the random access preamble are used to initiate a contention-free random access process;
otherwise, it continues to use the configured dedicated time-frequency resource and the corresponding dedicated pre-
amble to perform the random access process; meanwhile, the number of accesses is counted and the transmit power
of preamble of subsequent attempts is adjusted according to the number of accesses. In the mode c, only the PRACH
time-frequency resource may be configured, and the random access preamble is not configured, then the dedicated
preamble configured for the dedicated time-frequency resource is still used when performing the contention-free random
access on the PRACH time-frequency resource.

[0134] In a preferred way d, the user equipment initiates a re-access attempt on the first available channel time-
frequency resource (comprises the dedicated time-frequency resource and the PRACH time-frequency resource) after
meeting the processing delay, herein meeting of the processing delay may be defined as the first available channel time-
frequency resource after the random access window or after the K th time unit after the detection is failed, meanwhile,
the number of accesses are counted, and the transmit power of the preamble to be subsequently attempted is adjusted
according to the number of accesses.

[0135] It should be noted that when the base station configures the dedicated time-frequency resources and the
PRACH time-frequency resources for fast access, the user equipment preferentially uses the configured dedicated time-
frequency resources, and the schematic diagram of the ways for the user equipment re-attempting of random access
are shown in FIG. 23.In the example shown in FIG. 23, the base station allocates the dedicated time-frequency resource
for a user equipment that needs fast access, but the first access of the user equipment fails, and finally the access
succeeds after multiple access attempts (comprising access attempts on the dedicated time-frequency resources and
PRACH time-frequency resources). Herein, the frequency domain resource used by the reallocated dedicated time-
frequency resource may be different from the dedicated time-frequency resource previously allocated so as to provide
the frequency diversity gain.

[0136] In addition, the user equipment counts the each number of access attempts. One way of counting is to count
only the number of access attempts in which the dedicated time-frequency resource is allocated, and the other way of
counting is to count the number access attempts in which the dedicated time-frequency resource are allocated together
with the number of access attempts using the PRACH time-frequency resources. The user equipment adjusts the transmit
power of the preamble according to the number of access attempts. The specific way of the adjustment is as follows: in
the first fast access, the number of access attempts is set as 1, and the transmit power of the preamble is calculated
according to the measured path loss estimation, the target receive power configured by the base station and the transmit
power command (TPC) configured by the base station. If the base station does not configure the TPC parameters, the
base station calculates transmit power of the preamble according to the measured path loss estimation and the target
receive power configured by the base station.

[0137] Herein, if the first fast access fails and the reconfigured dedicated time-frequency resource and the dedicated
preamble for fast access are received, or the configured random access preamble and the PRACH time-frequency
resource are received, the number of access attempts adds by 1, and the transmit power of the preamble is calculated
according to the target receive power, the path loss estimation, and the count of the number of access attempts. Spe-
cifically, if the base station does not configure the TPC parameters, the transmit power of the preamble is as shown in
equation 12:

Transmit power of the preamble= target receive power+ (number of access attempts-1) *power

ramping parameter+ power adjustment parameter [equation 12]

[0138] In equation 12, the power ramping parameter is configured by the base station, and informed to the user
equipment by the higher layer signaling configuration or PDCCH. The power adjustment parameter is a power amplitude
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adjusted according to the length of the preamble, and may be configured in a pre-agreed way. The above transmit power
of the preambile is calculated by the higher layer and is transmitted to the physical layer to instruct the physical layer to
transmit the preamble with an appropriate power.

[0139] If the base station has configured the TPC parameters, the physical layer adjusts the transmit power of the
physical layer according to the TPC parameters and the transmit power of the preamble calculated through equation 12.
[0140] In addition, for a multi-beam operation system, the probable causes of access failure are low received signal
to interference plus noise ratio (SINR) due to a low transmit power, but also a low SINR caused from a lower beamforming
gain due to unsuccessful transmit-receive beam pairing. In this case, itis necessary to define the transmit beam switching
and the corresponding power ramping. Herein, the possible power ramping ways are as follows: an access attempt
counter for counting the number of access attempts and a power ramping counter for counting the power ramping times
are defined, then increasing the access attempts times by 1 when each new access attemptis performed; and increasing
the power ramping times by 1 when the power ramping is performed. Herein, the possible change ways of the power
ramping counter are as follows: (1) when the user equipment decides to switch the transmit beam in the new access
attempt, the power ramping counter is set to zero; (2) when the user equipment decides to switch the transmit beam in
the new access attempt, the power ramping counter maintains unchanged; (3) when the user equipment decides to
switch the transmit beam in the new access attempt, the power ramping counter increases by 1.

[0141] Therefore, when calculating the transmit power of the preamble, the user equipment calculates according to
the power ramping times recorded according to the power ramping counter, specifically as follows:

Transmit power of the preamble = target receive power + (power ramping times -1) * power

ramping parameter + power adjustment parameter [equation 13]

[0142] It should be noted that, when the possible change way of the power ramping times counter is the way(3), the
power ramping times counter and the access attempt number counter have the same value, so one of them may be
replaced by another.

[0143] In addition, in the random access process, the maximum number of access attempts is defined, that is, the
threshold of the number of access attempts is predefined. If the number of access attempts is greater than or equal to
the predefined threshold of the number of accesses, the user equipment considers that the access fails, and uses a
contention-based random access to perform the random access process or perform the cell reselection process. Alter-
natively, the latencyt is defined, and if the user equipment still does not receive the configured dedicated time-frequency
resource or the contention-free PRACH time-frequency resource after the latencyt, the user equipment considers that
the access fails, and the user equipment uses a contention-based random access to perform the random access process
or perform the cell reselection process.

[0144] According to Embodiment6 of the present disclosure, a random access method is provided. In this embodiment,
there is a binding relationship between the dedicated time-frequency resource allocated by the base station for fast
access and a synchronize signal block (SSB) or a channel state information reference signal (CSI-RS).

[0145] Specifically, the terminal reports multiple measurement results related to downlink beam. The measurement
results may be obtained by measuring the SSB, that is, the measurement results are obtained by measuring the primary
synchronize signal or the secondary synchronize signal in the SSB, or the reference signal receive power of the demod-
ulation reference signal in the broadcast channel; or the corresponding measurement results are obtained by measuring
the reference signal receive power of the CSI-RS beam-bound to the downlink transmit beam. The terminal feeds back
the measurement results corresponding to multiple downlink beams according to a predefined rule. The predefined rule
is that a feedback threshold is predetermined and only a maximum of P measurement results whose measurement
results are higher than the threshold are fed back, herein P is greater than or equal to 1.

[0146] The base station allocates multiple dedicated time-frequency resources for fast access according to the meas-
urement results fed back by the terminal or transmitted by the source base station(which is suitable for the case of cell
handover), and establishes a correspondence between the dedicated time-frequency resources and downlink beams
(or downlink signals), as shown in FIG. 24.

[0147] In FIG. 24, the dedicated time-frequency resources corresponding to different downlink beams or downlink
signals are distinguished in a time division way, and are not continuous in time. In other resource allocation ways,
dedicated time-frequency resources corresponding to different downlink beams or downlink signals may be distinguished
in a frequency division way or in a way of the combination of time division and frequency division.

[0148] The correspondence may be transmitted to the terminal through dedicated time-frequency resource allocation
information. Specifically, the allocation and notification of the dedicated time-frequency resources may both adopt the
ways in the above embodiments. Meanwhile, an index for informing of a downlink signal (or a corresponding downlink
beam) bound to the dedicated time-frequency resource (or the dedicated time-frequency resource set) is added into the
time-frequency resource allocation information of each dedicated time-frequency resource. For example, an SSB index
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or an index of CSI-RS is added.

[0149] Anotherway of informing is to add the downlink signal index sequence in the dedicated time-frequency resource
allocation information. A simple example is that if there is a one-to-one correspondence between the dedicated time-
frequency resource and the downlink signal, the downlink signal index sequence is directly informed in the time-frequency
resource allocation information. The sequence form is: [ly, /4 ..., I),4]. Herein, the index /,, is a downlink signal index
bound to the mth dedicated time-frequency resource, herein mis a positive integer not less than 0 and notgreater than M- 1.
[0150] If each downlink signal is bound to a set of dedicated time-frequency resources, the above method may still
be used to inform of the binding relationship. In this case, the same index element exists in the downlink signal index
sequence. In addition, if the number of time-frequency resources in the dedicated time-frequency resource set bound
to the same downlink signal is the same, the binding relationship may be informed and configured by a way of the
combination of the number of time-frequency resources in the set the index sequence. Specifically, the elements in the
index sequence are the downlink signal indexes corresponding to the dedicated time-frequency resource set mapped
to the same downlink signal. The number of time-frequency resources in a set is the number of dedicated time-frequency
resources mapped to the same downlink signal.

[0151] Another way of informing the binding relationship is to add the number of dedicated time-frequency resources
bound to each downlink signal in the downlink signal index sequence. In this case, the form of downlink signal index
sequence is: [ly, ng, 14, N4, -, g1, Dpgals oF g 1ys ooy Ingqs Ngs N4 -, Nyy4], herein n; is the number of dedicated time-
frequency resources bound to the i th downlink signal, and iis a positive integer not less than 0 and not greater than M - 1.
[0152] It should be noted that, the above downlink signal index is an SSB index, a CSI-RS index, and the like.
[0153] In this embodiment, the terminal data processing flow is as follows:

The terminal periodically measures the downlink signal or measures the downlink signal according to the instruction of
the base station, and feeds back the measurement result.

[0154] The terminal receives the resource allocation information of the dedicated time-frequency resource.

[0155] The terminal selects a dedicated time-frequency resource or a dedicated time-frequency resource set corre-
sponding to the corresponding downlink signal and a preamble according to the measurement result of the downlink
signal, the resource allocation information, and the predefined rule;

[0156] The terminal transmits the preamble on the selected dedicated time-frequency resource.

[0157] It should be noted that, for an access process performed on the dedicated time-frequency resource, if multiple
dedicated time-frequency resources that may transmit preambles are allocated, the terminal may transmit multiple
preambles. The transmission of the multiple preambles may use different terminal uplink transmit beams so as to attempt
different multiple transmit directions; or use the same terminal transmit beams so as to increase coverage; or transmit
on each uplink transmit beam for multiple times so as to achieve a compromise between the coverage and the transmit
beam scanning.

[0158] Ifthe CSI-RSisbound to the dedicated time-frequency resource, the access process performed on the dedicated
time-frequency resource may adopt the following fallback way:

If the repeated number of attempts exceeds the maximum number of accesses configured or predefined by the system
or the access latency exceeds the maximum access latency predefined by the system in the access process performed
by the terminal on the dedicated time-frequency resource, the terminal considers that the access process performed on
the dedicated time-frequency resource fails. The terminal selects the SSB and performs the access attempt on the
PRACH corresponding to the SSB according to the measurement result of the SSB and the predefined rule.

[0159] In another configuration, when configuring the dedicated time-frequency resource, the base station simultane-
ously configures the dedicated time-frequency resource (the dedicated time-frequency resource set) corresponding to
the CSI-RS and the PRACH time-frequency resource corresponding to the SSB. In this way, the terminal selects the
firstavailable time-frequency resource according to a predefined rule to perform an access attempt. Herein, the predefined
rule may be selecting a first CSI-RS or the time-frequency resource corresponding to the SSB which meets a processing
delay.

[0160] For the above configuration way, another process way is to preferentially use a dedicated time-frequency
resource corresponding to the CSI-RS for access attempt. If the number of access attempts on the dedicated time-
frequency resource exceeds a predefined or configured dedicated time-frequency resources maximum number of ac-
cesses, then fallbacks to the PRACH time-frequency resources bound to the SSB to re-access.

[0161] If the total of number of re-access (comprising the number of re-access attempts performed on the dedicated
time-frequency resources and the PRACH time-frequency resources) exceeds the predefined or configured maximum
number of accesses, the terminal considers that the access fails, then performs cell re-selection and other processes.
It should be noted that the maximum number of accesses may be different from the maximum number of accesses for
the dedicated time-frequency resources.

[0162] Finally, it should be noted that the resource configuration and indication in the above embodiment and the
fallback from the dedicated time-frequency resource to the PRACH resource may be used in the scenario provided in
this embodiment. The difference is that in the resource configuration in the above embodiment, an indication of the
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binding relationship (such as the above downlink signal index indication) between the dedicated time-frequency resource
or the PRACH resource and the downlink signal index to be carried. Meanwhile, as mentioned above, when the method
provided in this embodiment still supports the transmission of the preamble by the terminal, scanning transmission for
multiple transmit beams is performed.

[0163] The seventhembodimentofthe presentdisclosure provides a base station device forrandom access, comprises:
a configuring module 2510, a detecting module 2520 and a first transmitting module 2530, as shown in FIG. 25. The
configuring module 2510 is used to configure a time-frequency resource and a preamble, and transmit dedicated time-
frequency resource configuration information and preamble configuration information. The detecting module 2520 is
used to detect the preamble based on the time-frequency resource.

[0164] Thefirsttransmitting module 2530 is used to transmita RAR when the preamble is detected. eighth embodiment
of the present disclosure provides a user equipment for random access, comprises: a receiving module 2610, a second
transmitting module 2620 and a determining module 2630, as shown in FIG. 26. The receiving module 2610 is used to
receive a time-frequency resources and a preamble configured by a base station. The second transmitting module 2620
is used to transmit the corresponding preamble based on the time-frequency resource and the preamble. The determining
module 2630 is used to determine an end of random access process when a RAR corresponding to the preamble
transmitted by the base station is received successfully.

[0165] It should be understood by one person of ordinary skill in the art that, unless otherwise defined, all terms
(including technical terms and scientific terms) used herein have the same meaning as commonly understood by one
person of ordinary skill in the art to which the present disclosure belongs. It shall be further understood that terms, such
as those defined in commonly used dictionaries, should be interpreted as having a meaning that is consistent with their
meanings in the context of the prior art and will not be interpreted in an idealized or overly formal sense unless expressly
so defined herein.

[0166] It should be understood by a person of ordinary skill in the art that term "terminal" and "terminal apparatus" as
used herein compasses not only apparatuses with a wireless signal receiver having no emission capability but also
apparatuses with receiving and emitting hardware capable of carrying out bidirectional communication over a bidirectional
communication link. Such apparatuses may include cellular or other communication apparatuses with a single-line
display or multi-line display or without a multi-line display; Personal Communication Systems (PCSs) with combined
functionalities of speech, data processing, facsimile and/or data communication; Personal Digital Assistants (PDAs),
which may include RF receivers, pagers, internet/intranet accesses, web browsers, notepads, calendars and/or Global
Positioning System (GPS) receivers; and/or conventional laptop and/or palmtop computers or other apparatuses having
and/or including a RF receiver. The "terminal" and "terminal apparatus" as used herein may be portable, transportable,
mountable in transportations (air, sea and/or land transportations), or suitable and/or configured to run locally and/or
distributed in other places in the earth and/or space for running. The "terminal" or "terminal apparatus" as used herein
may be a communication terminal, an internet terminal, a music/video player terminal. For example, it may be a PDA,
a Mobile Internet Device (MID) and/or a mobile phone with a music/video playback function, or may be apparatuses
such as a smart TV and a set-top box.

[0167] Itshould be understood by those skilled in the art that the presentdisclosure involves apparatuses for performing
one or more of operations as described in the present disclosure. Those apparatuses may be specially designed and
manufactured as intended, or may include well known apparatuses in a general-purpose computer. Those apparatuses
have computer programs stored therein, which are selectively activated or reconstructed. Such computer programs may
be stored in device (such as computer) readable media or in any type of media suitable for storing electronic instructions
and respectively coupled to a bus, the computer readable media include but are not limited to any type of disks (including
floppy disks, hard disks, optical disks, CD-ROM and magneto optical disks), ROM (Read-Only Memory), RAM (Random
Access Memory), EPROM (Erasable Programmable Read-Only Memory), EEPROM (Electrically Erasable Programma-
ble Read-Only Memory), flash memories, magnetic cards or optical line cards. That is, readable media include any media
storing or transmitting information in a device (for example, computer) readable form.

Claims

1. A method performed by a base station for a random access with a high latency in a wireless communication system,
the method comprising:

configuring (610) a set of dedicated time-frequency resources and a preamble, wherein the set of dedicated
time-frequency resources includes a plurality of dedicated time-frequency resources;

transmitting first configuration information for the set of dedicated time-frequency resources and second con-
figuration information for the preamble;

detecting (620) the preamble transmitted from a terminal on one of the plurality of dedicated time-frequency
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resources; and

transmitting (630), to the terminal, a random access response, RAR, corresponding to the preamble;

wherein the plurality of dedicated time-frequency resources is distributed in an even space in a frequency domain
and a time domain, and

wherein, in case that a multiplexing scheme is a combination of a time division multiplexing, TDM, and afrequency
division multiplexing, FDM, at least one time domain index and at least one frequency domain index of the
plurality of dedicated time-frequency resources is determined based on a position of a first dedicated time-
frequency resource in the frequency domain and the time domain, the interval of two adjacent dedicated time-
frequency resources in the frequency domain and the time domain, and the number of the plurality of dedicated
time-frequency resources.

2. The method of claim 1, wherein the configuring the set of dedicated time-frequency resource, comprising:

sorting sequentially available physical resource blocks, PRBs, of an uplink bandwidth in a time index first or a
frequency index first way; and adding a corresponding a time domain index and a frequency domain index,
wherein the uplink bandwidth includes all available uplink bandwidths or an uplink bandwidth allocated to the
corresponding terminal;

or,

determining the frequency domain index of the time-frequency resource by directly specifying a PRB index or
according to a bitmap.

3. The method of claim 1, further comprising any one of:

determining a time domain index of a time-frequency resource by a predetermined time unit, wherein the pre-
determined time unit comprises a k,, th time unit after a current time unit or a first available time unit after the
k,, th time unit, wherein, k, is a positive integer, and the time unit k,, includes any one of the following: a
subframe, a slot, a mini slot or a symbol;

determining a frequency domain index of the time-frequency resource by determining a PRB index of a first
time-frequency resource, a frequency-domain interval of two adjacent time-frequency resources and the number
of time-frequency resources in the frequency domain, based on a uniform distribution of channel time-frequency
resources in the frequency domain;

determining the frequency domain index of the time-frequency resource, according to a bitmap; or
determining the frequency domain index of the time-frequency resource by directly specifying.

4. The method of claim 1, further comprising,

configuring a physical random access channel, PRACH, time-frequency resource;
determining a period of the time-frequency resource; and
determining a time domain index of the time-frequency resource and a frequency-domain PRB index.

The method of claim 4, further comprising:

determining a time domain index of a time-frequency resource by a predetermined time unit; and

determining a frequency-domain PRB index of the time-frequency resource according to a predefined resource
block index generation rule;

wherein the predetermined time unit includes any one of the following: a subframe, a slot, a mini slot or a symbol,
wherein the predefined resource block index generation rule comprises any one of the following: afirst frequency
domain change rule; a second frequency domain change rule; a pseudo-random number-based rule; a third
frequency domain change rule;

wherein the first frequency domain change rule is to determine the frequency-domain PRB index of the time-
frequency resource only associated with a time unit index; the second frequency domain change rule is to
determine the frequency-domain PRB index of the time-frequency resource only associated with a time-fre-
quency resource order; the pseudo-random number-based rule is to determine the frequency-domain PRB
index of the time-frequency resource associated with a cell identifier, ID, or a terminal ID; and the third frequency
domain change rule is to determine the frequency-domain PRB index of the time-frequency resource associated
with both the predetermined time unit index and the time-frequency resource order.

6. A method performed by a terminal for a random access with a high latency in a wireless communication system,
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the method comprising:

receiving (2010), from a base station, first configuration information for a set of dedicated time-frequency re-
sources and second configuration information for a preamble, wherein the set of dedicated time-frequency
includes a plurality of dedicated time-frequency resources;

transmitting (2020) the preamble on one of the plurality of dedicated time-frequency resources; and
determining (2030) an end of the random access process, in response to successfully receiving a random
access response, RAR corresponding to the preamble,

wherein the plurality of dedicated time-frequency resources is distributed in an even space in a frequency domain
and a time domain, and

wherein, in case that a multiplexing scheme is a combination of a TDM and a FDM, at least one time domain
index and at least one frequency domain index of the plurality of dedicated time-frequency resources is deter-
mined based on a position of a first dedicated time-frequency resource in the frequency domain and the time
domain, the interval of two adjacent dedicated time-frequency resources in the frequency domain and the time
domain, and the number of the plurality of dedicated time-frequency resources.

7. The method of claim 6, further comprising:

performing a contention-based random access or a contention-free random access, based on a physical random
access channel, PRACH time-frequency resource and random access preambles, if the RAR corresponding to the
preamble transmitted by the base station is not received.

8. The method of claim 6, further comprising:

receiving first PRACH time-frequency resource based on a contention-based random access and multiple
contention-based preambles; and

receiving a second PRACH time-frequency resource based on the contention-free random access and multiple
contention-free preambles.

9. A base station for a random access with a high latency in a wireless communication system comprising:

a transceiver (210); and
at least one processor (240) coupled to the transceiver (210) and configured to:

configure a set of dedicated time-frequency resources and a preamble, wherein the set of dedicated time-
frequency resources includes a plurality of dedicated time-frequency resources,

transmit first configuration information for the set of dedicated time-frequency resources and second con-
figuration information for the preamble,

detect the preamble transmitted from a terminal one of the plurality of dedicated time-frequency resources;
and

transmit, to the terminal, a random access response, RAR, corresponding to the preamble;

wherein the plurality of dedicated time-frequency resources is distributed in an even space in a frequency
domain and a time domain, and

wherein, in case that a multiplexing scheme is a combination of a TDM and a FDM, at least one time domain
index and at least one frequency domain index of the plurality of dedicated time-frequency resources is
determined based on a position of a first dedicated time-frequency resource in the frequency domain and
the time domain, the interval of two adjacent dedicated time-frequency resources in the frequency domain
and the time domain, and the number of the plurality of dedicated time-frequency resources.

10. The base station of claim 9, wherein the at least one processor is further configured to:

determine a time-domain index of a time-frequency resource by a predetermined time unit, and

determine a frequency-domain index of a time-frequency resource by relevant information of a physical resource
block, PRB,

wherein the predetermined time unit comprises any predetermined one of the following: a subframe, a slot, a
minislot or a symbol; the predetermined time unit further includes a k,, th time unit after a current time unit or a
first available time unit after the k,, th time unit, wherein, k,, is a positive integer, and

wherein the relevant information of the PRB comprises any one of the following: a PRB index, a number of the
PRBs which is offset relative to an uplink bandwidth center, or a number of the PRBs which is offset relative to
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an edge of the uplink bandwidth.

11. A terminal for a random access with a high latency in a wireless communication system comprising:

a transceiver (310); and
at least one processor (330) coupled to the transceiver (310) and configured to:

receive, from a base station, first configuration information for a set of dedicated time-frequency resources
and second configuration information for a preamble, configured by a base station, wherein the set of
dedicated time-frequency includes a plurality of dedicated time-frequency resources,

transmit the preamble on one of the plurality of dedicated time-frequency resources, and

determine an end of random access process, in response to successfully receiving a random access re-
sponse, RAR corresponding to the preamble,

wherein the plurality of dedicated time-frequency resources is distributed in an even space in a frequency
domain and a time domain, and

wherein, in case that a first multiplexing scheme is a combination of a TDM and a FDM, at least one time
domainindex and at least one frequency domain index of the plurality of dedicated time-frequency resources
is determined based on a position of a first dedicated time-frequency resource in the frequency domain
and the time domain, the interval of two adjacent dedicated time-frequency resources in the frequency
domain and the time domain, and the number of the plurality of dedicated time-frequency resources.

Patentanspriiche

Verfahren, das von einer Basisstation fur einen Direktzugriff mit hoher Latenz in einem drahtlosen Kommunikati-
onssystem ausgefiihrt wird, wobei das Verfahren Folgendes umfasst:

Konfigurieren (610) eines Satzes dedizierter Zeitfrequenzressourcen und einer Pradambel, wobei der Satz de-
dizierter Zeitfrequenzressourcen eine Vielzahl dedizierter Zeitfrequenzressourcen enthalt;

Ubertragen erster Konfigurationsinformationen fiir den Satz dedizierter Zeitfrequenzressourcen und zweiter
Konfigurationsinformationen fiir die Praambel;

Erkennen (620) der von einem Endgerat auf einer der Vielzahl dedizierter Zeitfrequenzressourcen Gbertragenen
Praambel; und

Ubertragen (630) einer der Praambel entsprechenden Direktzugriffsantwort, RAR, an das Endgerit;

wobei die Vielzahl dedizierter Zeitfrequenzressourcen gleichmaRig in einem Frequenzbereich und einem Zeit-
bereich verteilt sind, und

wobei, falls ein Multiplexschema eine Kombination aus einem Zeitmultiplex, TDM, und einem Frequenzmultiplex,
FDM, ist, mindestens ein Zeitbereichsindex und mindestens ein Frequenzbereichsindex der Vielzahl dedizierter
Zeitfrequenzressourcen basierend auf einer Position einer ersten dedizierten Zeitfrequenzressource in dem
Frequenzbereich und dem Zeitbereich, dem Intervall von zwei benachbarten dedizierten Zeitfrequenzressour-
cen in dem Frequenzbereich und dem Zeitbereich und der Anzahl der Vielzahl dedizierter Zeitfrequenzressour-
cen bestimmt werden.

2. Verfahren nach Anspruch 1, wobei das Konfigurieren des Satzes dedizierter Zeitfrequenzressourcen Folgendes
umfasst:

sequentielles Sortieren von verfligbaren physikalischen Ressourcenblocken, PRBs, einer Uplink-Bandbreite in
einer Zeitindex-zuerst- oder einer Frequenzindexzuerst-Weise; und Hinzufligen eines entsprechenden Zeitbe-
reichsindex und eines Frequenzbereichsindex, wobei die Uplink-Bandbreite alle verfligbaren Uplink-Bandbrei-
ten oder eine dem entsprechenden Endgerat zugewiesene Uplink-Bandbreite enthalt;

oder,

Bestimmen des Frequenzbereichsindex der Zeitfrequenzressource durch direktes Spezifizieren eines PRB-
Index oder gemaR einer Bitmap.

3. Verfahren nach Anspruch 1, das ferner eines von Folgendem umfasst:

Bestimmen eines Zeitbereichsindex einer Zeitfrequenzressource durch eine vorbestimmte Zeiteinheit, wobei
die vorbestimmte Zeiteinheit eine k,, th Zeiteinheit nach einer aktuellen Zeiteinheit oder eine erste verfligbare
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Zeiteinheit nach der k,,, th Zeiteinheit umfasst, wobei k,,, eine positive ganze Zahl ist und die Zeiteinheit k,, eines
von Folgendem enthalt: einen Teilrahmen, einen Slot, einen Mini-Slot oder ein Symbol;

Bestimmen eines Frequenzbereichsindex der Zeitfrequenzressource durch Bestimmen eines PRB-Index einer
ersten Zeitfrequenzressource, eines Frequenzbereichsintervalls von zwei benachbarten Zeitfrequenzressour-
cen und der Anzahl von Zeitfrequenzressourcen in dem Frequenzbereich basierend auf einer gleichmaRigen
Verteilung von Kanalzeitfrequenzressourcen in dem Frequenzbereich;

Bestimmen des Frequenzbereichsindex der Zeitfrequenzressource geman einer Bitmap; oder

Bestimmen des Frequenzbereichsindex der Zeitfrequenzressource durch direktes Spezifizieren.

4. Verfahren nach Anspruch 1, das ferner Folgendes umfasst:

5.

Konfigurieren einer physikalischen Direktzugriffskanal(PRACH)-Zeitfrequenzressource;
Bestimmen eines Zeitraums der Zeitfrequenzressource; und
Bestimmen eines Zeitbereichsindex der Zeitfrequenzressource und eines Frequenzbereichs-PRB-Index.

Verfahren nach Anspruch 4, das ferner Folgendes umfasst:

Bestimmen eines Zeitbereichsindex einer Zeitfrequenzressource durch eine vorbestimmte Zeiteinheit; und
Bestimmen eines Frequenzbereichs-PRB-Index der Zeitfrequenzressource gemal einer vordefinierten
Ressourcenblockindexerzeugungsregel;

wobei die vorbestimmte Zeiteinheit eines von Folgendem enthalt: einen Teilrahmen, einen Slot, einen Mini-Slot
oder ein Symbol,

wobei die vordefinierte Ressourcenblockindexerzeugungsregel eines von Folgendem umfasst: eine erste Fre-
quenzbereichsdnderungsregel; eine zweite Frequenzbereichsanderungsregel; eine auf Pseudozufallszahlen
basierende Regel; eine dritte Frequenzbereichsdnderungsregel;

wobei die erste Frequenzbereichsanderungsregel dazu dient, den Frequenzbereichs-PRB-Index der Zeitfre-
quenzressource zu bestimmen, die nur mit einem Zeiteinheitenindex assoziiert ist; die zweite Frequenzbe-
reichsanderungsregel dazu dient, den Frequenzbereichs-PRB-Index der Zeitfrequenzressource zu bestimmen,
die nur mit einer Zeitfrequenzressourcenreihenfolge assoziiert ist; die auf Pseudozufallszahlen basierende
Regel dazu dient, den Frequenzbereichs-PRB-Index der Zeitfrequenzressource zu bestimmen, die mit einer
Zellenkennung, ID, oder einer Endgerat-ID assoziiert ist; und die dritte Frequenzbereichséanderungsregel dazu
dient, den Frequenzbereichs-PRB-Index der Zeitfrequenzressource zu bestimmen, die sowohl mit dem vorbe-
stimmten Zeiteinheitenindex als auch mit der Zeitfrequenzressourcenreihenfolge assoziiert ist.

6. Verfahren, das von einem Endgerat fir einen Direktzugriff mit hoher Latenz in einem drahtlosen Kommunikations-

7.

system ausgefiihrt wird, wobei das Verfahren Folgendes umfasst:

Empfangen (2010) erster Konfigurationsinformationen flir einen Satz dedizierter Zeitfrequenzressourcen und
zweiter Konfigurationsinformationen fiir eine Pradambel von einer Basisstation, wobei der Satz dedizierter Zeit-
frequenzen eine Vielzahl dedizierter Zeitfrequenzressourcen enthalt;

Ubertragen (2020) der Praambel auf einer der Vielzahl dedizierter Zeitfrequenzressourcen; und

Bestimmen (2030) eines Endes des Direktzugriffsverfahrens als Antwort auf das erfolgreiche Empfangen einer
der Praambel entsprechenden Direktzugriffsantwort, RAR,

wobei die Vielzahl dedizierter Zeitfrequenzressourcen gleichmaRig in einem Frequenzbereich und einem Zeit-
bereich verteilt sind, und

wobei, falls ein Multiplexschema eine Kombination aus einem TDM und einem FDM ist, mindestens ein Zeit-
bereichsindex und mindestens ein Frequenzbereichsindex der Vielzahl dedizierter Zeitfrequenzressourcen ba-
sierend auf einer Position einer ersten dedizierten Zeitfrequenzressource in dem Frequenzbereich und dem
Zeitbereich, dem Intervall von zwei benachbarten dedizierten Zeitfrequenzressourcen in dem Frequenzbereich
und dem Zeitbereich und der Anzahl der Vielzahl dedizierter Zeitfrequenzressourcen bestimmt werden.

Verfahren nach Anspruch 6, das ferner Folgendes umfasst:

Ausfiihren eines konkurrenzbasierten Direktzugriffs oder eines konkurrenzfreien Direktzugriffs basierend auf einer
physikalischen Direktzugriffskanal(PRACH)-Zeitfrequenzressource und Direktzugriffsprdambeln, wenn die RAR,
die der von der Basisstation Gbertragenen Praambel entspricht, nicht empfangen wird.

8. Verfahren nach Anspruch 6, das ferner Folgendes umfasst:
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Empfangen einer ersten PRACH-Zeitfrequenzressource basierend auf einem konkurrenzbasierten Direktzugriff
und mehreren konkurrenzbasierten Praambeln; und

Empfangen einer zweiten PRACH-Zeitfrequenzressource basierend auf dem konkurrenzfreien Direktzugriff und
mehreren konkurrenzfreien Praambeiln.

9. Basisstation fur einen Direktzugriff mit hoher Latenz in einem drahtlosen Kommunikationssystem, die Folgendes
umfasst:

einen Transceiver (210); und
mindestens einen Prozessor (240), der mit dem Transceiver (210) gekoppelt und zu Folgendem konfiguriert ist:

Konfigurieren eines Satzes dedizierter Zeitfrequenzressourcen und einer Praambel, wobei der Satz dedi-
zierter Zeitfrequenzressourcen eine Vielzahl dedizierter Zeitfrequenzressourcen enthalt,

Ubertragen erster Konfigurationsinformationen fiir den Satz dedizierter Zeitfrequenzressourcen und zweiter
Konfigurationsinformationen fiir die Praambel,

Erkennen der Praambel, die von einem Endgerat einer der Vielzahl dedizierter Zeitfrequenzressourcen
Ubertragen wird; und

Ubertragen einer der Praambel entsprechenden Direktzugriffsantwort, RAR, an das Endgerat;

wobei die Vielzahl dedizierter Zeitfrequenzressourcen gleichmaRig in einem Frequenzbereich und einem
Zeitbereich verteilt sind, und

wobei, falls ein Multiplexschema eine Kombination aus einem TDM und einem FDM ist, mindestens ein
Zeitbereichsindex und mindestens ein Frequenzbereichsindex der Vielzahl dedizierter Zeitfrequenzres-
sourcen basierend auf einer Position einer ersten dedizierten Zeitfrequenzressource in dem Frequenzbe-
reich und dem Zeitbereich, dem Intervall von zwei benachbarten dedizierten Zeitfrequenzressourcen in
dem Frequenzbereich und dem Zeitbereich und der Anzahl der Vielzahl dedizierter Zeitfrequenzressourcen
bestimmt werden.

10. Basisstation nach Anspruch 9, wobei der mindestens eine Prozessor ferner zu Folgendem konfiguriert ist:

Bestimmen eines Zeitbereichsindex einer Zeitfrequenzressource durch eine vorbestimmte Zeiteinheit, und
Bestimmen eines Frequenzbereichsindex einer Zeitfrequenzressource durch relevante Informationen eines
physikalischen Ressourcenblocks, PRB,

wobei die vorbestimmte Zeiteinheit ein Vorbestimmtes von Folgendem umfasst: einen Teilrahmen, einen Slot,
einen Mini-Slot oder ein Symbol; wobei die vorbestimmte Zeiteinheit ferner eine k,th Zeiteinheit nach einer
aktuellen Zeiteinheit oder eine erste verfligbare Zeiteinheit nach der k,th Zeiteinheit enthalt, wobei k, eine
positive ganze Zahl ist, und

wobei die relevanten Informationen des PRB eines von Folgendem umfassen: einen PRB-Index, eine Anzahl
der PRBs, die in Bezug auf eine Mitte der Uplink-Bandbreite versetzt sind, oder eine Anzahl der PRBs, die in
Bezug auf eine Kante der Uplink-Bandbreite versetzt sind.

11. Endgeréat fur einen Direktzugriff mit hoher Latenz in einem drahtlosen Kommunikationssystem, das Folgendes
umfasst:

einen Transceiver (310); und
mindestens einen Prozessor (330), der mit dem Transceiver (310) gekoppelt und zu Folgendem konfiguriert ist:

Empfangen erster Konfigurationsinformationen fiir einen Satz dedizierter Zeitfrequenzressourcen und zwei-
ter Konfigurationsinformationen fiir eine Praambel, konfiguriert von einer Basisstation, von einer Basissta-
tion, wobei der Satz dedizierter Zeitfrequenzen eine Vielzahl dedizierter Zeitfrequenzressourcen enthalt,
Ubertragen der Praambel auf einer der Vielzahl dedizierter Zeitfrequenzressourcen, und

Bestimmen eines Endes des Direktzugriffsverfahrens als Antwort auf das erfolgreiche Empfangen einer
der Praambel entsprechenden Direktzugriffsantwort, RAR,

wobei die Vielzahl dedizierter Zeitfrequenzressourcen gleichmaRig in einem Frequenzbereich und einem
Zeitbereich verteilt sind, und

wobei, falls ein erstes Multiplexschema eine Kombination aus einem TDM und einem FDM ist, mindestens
ein Zeitbereichsindex und mindestens ein Frequenzbereichsindex der Vielzahl dedizierter Zeitfrequenz-
ressourcen basierend auf einer Position einer ersten dedizierten Zeitfrequenzressource in dem Frequenz-
bereich und dem Zeitbereich, dem Intervall von zwei benachbarten dedizierten Zeitfrequenzressourcen in
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dem Frequenzbereich und dem Zeitbereich und der Anzahl der Vielzahl dedizierter Zeitfrequenzressourcen
bestimmt werden.
Revendications

1. Procédé effectué par une station de base pour un accés aléatoire avec une latence élevée dans un systéeme de
communication sans fil, le procédé comprenant :
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configurer (610) un ensemble de ressources temps-fréquence dédiées et un préambule, ou I'ensemble de
ressources temps-fréquence dédiées inclut une pluralité de ressources temps-fréquence dédiées ;
transmettre des premiéres informations de configuration pour I'ensemble de ressources temps-fréquence dé-
diées et des deuxiémes informations de configuration pour le préambule ;

détecter (620) le préambule transmis depuis un terminal sur 'une de la pluralité de ressources temps-fréquence
dédiées ; et

transmettre (630), au terminal, une réponse d’acces aléatoire, RAR, correspondant au préambule ;

ou la pluralité de ressources temps-fréquence dédiées est distribuée dans un espace égal dans un domaine
de fréquence et un domaine temporel, et

ou, dans le cas ou un schéma de multiplexage est une combinaison d’'un multiplexage par répartition temporelle,
TDM, et d’'un multiplexage par répartition en fréquence, FDM, au moins un index de domaine temporel et au
moins un index de domaine de fréquence de la pluralité de ressources temps-fréquence dédiées sont déterminés
sur la base d’une position d’'une premiére ressource temps-fréquence dédiée dans le domaine de fréquence
etle domaine temporel, de l'intervalle de deux ressources temps-fréquence dédiées adjacentes dans le domaine
de fréquence et le domaine temporel, et du nombre de la pluralité de ressources temps-fréquence dédiées.

2. Procédé selon la revendication 1, ou la configuration de I'ensemble de ressources temps-fréquence dédiées
comprend :

trier des blocs de ressources physiques, PRB, disponibles séquentiellement, d’'une bande passante de liaison
montante selon un premier index temporel ou un premier index de fréquence ; et ajouter un index de domaine
temporel et un index de domaine de fréquence correspondants, ou la bande passante de liaison montante inclut
toutes les bandes passantes de liaison montante disponibles ou une bande passante de liaison montante
attribuée au terminal correspondant ;

ou,

déterminer I'index de domaine de fréquence de la ressource temps-fréquence en spécifiant directement un
index PRB ou selon une table de bits.

3. Procédé selon la revendication 1, comprenant en outre I'un quelconque parmi :

la détermination d’un index de domaine temporel d’une ressource temps-fréquence par une unité de temps
prédéterminée, ol 'unité de temps prédéterminée comprend une k,,®™e unité de temps aprés une unité de
temps actuelle ou une premiére unité de temps disponible aprés la k,,/¢me unité de temps, ou k,,, est un nombre
entier positif, et 'unité de temps k,, inclut 'un quelconque des éléments suivants : une sous-trame, un créneau,
un mini créneau ou un symbole ;

la détermination d’'un index de domaine de fréquence de la ressource temps-fréquence en déterminant un index
PRB d’une premiére ressource temps-fréquence, un intervalle de domaine de fréquence de deux ressources
temps-fréquence adjacentes et le nombre de ressources temps-fréquence dans le domaine de fréquence, sur
la base d’une distribution uniforme des ressources temps-fréquence de canal dans le domaine de fréquence ;
la détermination de l'index de domaine de fréquence de la ressource temps-fréquence, selon une table de bits ;
ou

la détermination de I'index de domaine de fréquence de la ressource temps-fréquence par spécification directe.

4. Procédé selon la revendication 1, comprenant en outre :

configurer une ressource temps-fréquence de canal d’accés aléatoire physique, PRACH ;

déterminer une période de la ressource temps-fréquence ; et

déterminer un index de domaine temporel de la ressource temps-fréquence et un index PRB de domaine de
fréquence.
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Procédé selon la revendication 4, comprenant en outre :

déterminer un index de domaine temporel d’'une ressource temps-fréquence par une unité de temps
prédéterminée ; et

déterminer un index PRB de domaine de fréquence de la ressource temps-fréquence selon une régle de
génération d’index de bloc de ressources prédéfinie ;

ou l'unité de temps prédéterminée inclut I'un quelconque des éléments suivants : une sous-trame, un créneau,
un mini créneau ou un symbole,

ou la regle de génération d’'index de bloc de ressources prédéfinie comprend 'un quelconque des éléments
suivants : une premiére régle de changement de domaine de fréquence ; une deuxiéme regle de changement
de domaine de fréquence ; une regle basée sur des nombres pseudo-aléatoires ; une troisi€me regle de chan-
gement de domaine de fréquence ;

ou la premiére regle de changement de domaine de fréquence consiste a déterminer I'index PRB de domaine
de fréquence de la ressource temps-fréquence uniquement associé a un index d’unité de temps ; la deuxiéme
regle de changement de domaine de fréquence consiste a déterminer I'index PRB de domaine de fréquence
de laressource temps-fréquence uniquement associé a un ordre de ressource temps-fréquence ; la regle basée
sur des nombres pseudo-aléatoires consiste a déterminer I'index PRB de domaine de fréquence de la ressource
temps-fréquence associé a unidentifiantde cellule, ID, ou un ID de terminal ; etla troisiéme regle de changement
de domaine de fréquence consiste a déterminer I'index PRB de domaine de fréquence de la ressource temps-
fréquence associé a la fois a I'index d’unité de temps prédéterminé et a I'ordre de ressource temps-fréquence.

Procédé effectué par un terminal pour un accés aléatoire avec une latence élevée dans un systéme de communication
sans fil, le procédé comprenant :

recevoir (2010), d’'une station de base, des premieres informations de configuration pour un ensemble de
ressources temps-fréquence dédiées et des deuxiemes informations de configuration pour un préambule, ou
'ensemble de ressources temps-fréquence dédiées inclut une pluralité de ressources temps-fréquence
dédiées ;

transmettre (2020) le préambule sur I'une de la pluralité de ressources temps-fréquence dédiées ; et
déterminer (2030) une fin du processus d’acces aléatoire, en réponse a la réception réussie d’'une réponse
d’acces aléatoire, RAR correspondant au préambule,

ou la pluralité de ressources temps-fréquence dédiées est distribuée dans un espace égal dans un domaine
de fréquence et un domaine temporel, et

ou, dans le cas ou un schéma de multiplexage est une combinaison d’'un TDM et d’'un FDM, au moins un index
de domaine temporel et au moins un index de domaine de fréquence de la pluralité de ressources temps-
fréquence dédiées sont déterminés sur la base d’'une position d’'une premiére ressource temps-fréquence
dédiée dans le domaine de fréquence et le domaine temporel, de l'intervalle de deux ressources temps-fré-
quence dédiées adjacentes dans le domaine de fréquence et le domaine temporel, et du nombre de la pluralité
de ressources temps-fréquence dédiées.

Procédé selon la revendication 6, comprenant en outre :

effectuer un accés aléatoire basé surla contention ou un accés aléatoire sans contention, surla base d’'une ressource
temps-fréquence de canal d’acces aléatoire physique, PRACH, et de préambules d’accés aléatoire, si la RAR
correspondant au préambule transmis par la station de base n’est pas regue.

Procédé selon la revendication 6, comprenant en outre :

recevoir une premiére ressource temps-fréquence PRACH sur la base d’un accés aléatoire basé sur la con-
tention et de multiples préambules basés sur la contention ; et

recevoir une deuxiéme ressource temps-fréquence PRACH sur la base de I'accés aléatoire sans contention et
de multiples préambules sans contention.

9. Station de base pour un accés aléatoire avec une latence élevée dans un systeme de communication sans fil

comprenant :

un émetteur-récepteur (210) ; et
au moins un processeur (240) couplé a I'émetteur-récepteur (210) et configuré pour :
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configurer un ensemble de ressources temps-fréquence dédiées et un préambule, ou 'ensemble de res-
sources temps-fréquence dédiées inclut une pluralité de ressources temps-fréquence dédiées,
transmettre des premiéres informations de configuration pour 'ensemble de ressources temps-fréquence
deédiées et des deuxiemes informations de configuration pour le préambule,

détecter le préambule transmis depuis un terminal sur 'une de la pluralité de ressources temps-fréquence
dédiées ; et

transmettre, au terminal, une réponse d’accés aléatoire, RAR, correspondant au préambule ;

ou la pluralité de ressources temps-fréquence dédiées est distribuée dans un espace égal dans un domaine
de fréquence et un domaine temporel, et

ou, dans le cas ou un schéma de multiplexage est une combinaison d’'un TDM et d’'un FDM, au moins un
index de domaine temporel et au moins un index de domaine de fréquence de la pluralité de ressources
temps-fréquence dédiées sont déterminés sur la base d’'une position d’'une premiére ressource dédiée
dans le domaine de fréquence et le domaine temporel, de I'intervalle de deux ressources temps-fréquence
dédiées adjacentes dans le domaine de fréquence et le domaine temporel, et du nombre de la pluralité de
ressources temps-fréquence dédiées.

10. Station de base selon la revendication 9, ou I'au moins un processeur est en outre configuré pour :

déterminer un index de domaine temporel d’'une ressource temps-fréquence par une unité de temps prédéter-
minée, et

déterminer un index de domaine de fréquence d’une ressource temps-fréquence a l'aide d’informations perti-
nentes d’un bloc de ressources physiques, PRB,

ou l'unité de temps prédéterminée comprend I'un quelconque des éléments suivants prédéterminés : une sous-
trame, un créneau, un mini-créneau ou un symbole ; I'unité de temps prédéterminée inclut en outre une kniéme
unité de temps aprés une unité de temps actuelle ou une premiére unité de temps disponible aprés la keme
unité de temps, ou k,, est un nombre entier positif, et

ou les informations pertinentes du PRB comprennent I'un quelconque des éléments suivants : un index PRB,
un nombre des PRB qui est décalé par rapport a un centre de bande passante de liaison montante, ou un
nombre des PRB qui est décalé par rapport a un bord de la bande passante de liaison montante.

11. Terminal pour un acces aléatoire avec une latence élevée dans un systéme de communication sans fil comprenant :

un émetteur-récepteur (310) ; et
au moins un processeur (330) couplé a I'émetteur-récepteur (310) et configuré pour :

recevoir, d’'une station de base, des premiéres informations de configuration pour un ensemble de ressour-
ces temps-fréquence dédiées et des deuxiemes informations de configuration pour un préambule, configuré
par une station de base, ou I'ensemble de ressources temps-fréquence dédiées inclut une pluralité de
ressources temps-fréquence dédiées,

transmettre le préambule sur 'une de la pluralité de ressources temps-fréquence dédiées, et

déterminer une fin de processus d’acces aléatoire, en réponse a la réception réussie d’'une réponse d’acces
aléatoire, RAR correspondant au préambule,

ou la pluralité de ressources temps-fréquence dédiées est distribuée dans un espace égal dans un domaine
de fréquence et un domaine temporel, et

ou, dans le cas ou un premier schéma de multiplexage est une combinaison d’'un TDM et d’'un FDM, au
moins un index de domaine temporel et au moins un index de domaine de fréquence de la pluralité res-
sources temps-fréquence dédiées sont déterminés sur la base d’une position d’'une premiére ressource
temps-fréquence dédiée dans le domaine de fréquence et le domaine temporel, de lintervalle de deux
ressources temps-fréquence dédiées adjacentes dans le domaine de fréquence et le domaine temporel,
et du nombre de la pluralité de ressources temps-fréquence dédiées.
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[Fig. 12]
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