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Description

[0001] The present application claims priority to Chi-
nese Patent Application No. 202011068929X, filed with
the China National Intellectual Property Administration
on September 30, 2020, and entitled " CONTENTION-
FREE RANDOM ACCESS RESOURCE INDICATION
METHOD AND DEVICE", which is incorporated herein
by reference in its entirety.

Field

[0002] The present application relates to the technical
field of mobile communication, in particular to a conten-
tion-free random access resource indication method and
device.

Background

[0003] Intherandom access procedure of mobile com-
munication, UE-specific random access configuration in-
formation generally is used for contention-free random
access. A UE(User Equipment) performs timing advance
pre-compensation when transmitting a preamble to the
base station in consideration of NTN (Non-Terrestrial
Network ) communication and similarlong-distance com-
munication scenarios. Compensating the timing advance
when UE transmits the preamble directly leads to a prob-
lem that when the UE receives DCI triggering random
access, the time for transmitting the preamble after com-
pensating the timing advance, selecting the first
RO(PRACH Occasion, Random Access Occasion) in a
first indicated SSB (SS/PBSCH, synchronized block) ID
and RO mapping pattern according to DCI (Downlink
Control Information) indication, is before the time when
UE receives DCI triggering random access, or the time
difference between the time when the UE receives DCI
triggering random access and the determined time when
the preamble is transmitted is inadequate for the UE to
prepare preamble transmission for random access.

Summary

[0004] The present application provides a contention-
free random access resource indication method and de-
vice, which solves the problem in an existing method of
inadequate preparation time for preamble transmission,
and are particularly suitable for a contention-free random
access technology of a mobile communication system.

[0005] In a first aspect, the present application pro-
vides a contention-free random access resource indica-
tion method, including the following steps: determining,
from a random access triggering time, a time different
from the random access triggering time by a first interval
as a first time, and selecting an RO to carry a preamble
at and after the first time, wherein the first interval is a
time offset corresponding to a first time offset, and the
random access triggering time is atime when DCl triggers
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a random access procedure.

[0006] Preferably, the method for selecting an RO to
carry a preamble further includes: selecting an RO cor-
responding to PRACH Mask ID in a first available SSB
ID and RO association pattern at and after the first time
to carry a preamble, wherein SSB ID, PRACH Mask 1D
and preamble ID are all indicated by the DCI.

[0007] Preferably, the method for selecting an RO to
carry a preamble further includes: selecting an RO in a
first available SSB ID and RO association pattern at and
after the first time to carry a preamble, wherein SSB ID
and preamble ID are both indicated by the DCI.

[0008] Preferably, the method for selecting an RO to
carry a preamble further includes: selecting a first avail-
able RO corresponding to PRACH Mask ID indicated by
the DCI at and after the first time to carry a preamble,
wherein PRACH Mask ID and preamble ID are both in-
dicated by the DCI.

[0009] Further, the first time offset is indicated in infor-
mation that is transmitted by a network device to a UE,
and/or is indicated in information that is reported by the
UE to the network device, and/or has a corresponding
relation with a timing advance compensated by the UE
itself, and/or has a corresponding relation with a maxi-
mum timing advance compensated by UEs within the
service range of a cell, and/or is acquired by a device
through writing or measurement, and/or is acquired by
combination of the above manners. The information
transmitted by the network device to UE to indicate the
first time offset can be DCI, upper-layer RRC signaling
or MAC CE. The reported information from UE to the
network device to indicate the first time offset can be
carried by PUCCH or PUSCH.

[0010] Further, the time unit of a time offset corre-
sponding to the first time offset is millisecond.

[0011] Further, the time unit of a time offset corre-
sponding to the first time offset is slot, and the time offset
corresponding to the first time offset is:

2 UPRACH
lp ' Z#PDSCHJ + Koffset

wherein Kz, is the first time offset, 2#PRACH is based
on uplink subcarrier spacing configuration, 24PDSCH g
based on downlink subcarrier spacing configuration, and
p is a downlink slot at which DCI triggering random ac-
cess is present.

[0012] Preferably, the time offset corresponding to the
first time offset is not less than a timing advance applied
by the UE to transmit the preamble.

[0013] Preferably, the time offset corresponding to the
first time offset is not less than the sum of a timing ad-
vance applied by the UE to transmit the preamble, and
a processing delay.

[0014] Preferably, the time offset corresponding to the
first time offset is not less than a maximum value of a
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timing advance applied by UEs to transmit the preamble
within the coverage range of a cell.

[0015] Preferably, the time offset corresponding to the
first time offset is not less than the sum of a maximum
value of a timing advance applied by UEs to transmit the
preamble within the coverage range of a cell, and a
processing delay.

[0016] The method according to any embodiment in
the first aspect of the present application is applied to a
UE device and includes the following steps: acquiring a
firsttime offset, receiving DCl triggering arandom access
procedure, and selecting an RO corresponding to DCI
indication to transmit a preamble after the time offset cor-
responding to the first time offset.

[0017] The method according to any embodiment in
the first aspect of the present application is applied to a
network device and includes the following steps: acquir-
ing afirsttime offset, transmitting DCI triggering arandom
access procedure, and selecting one or a plurality of ROs
corresponding to DCI indication to receive and detect a
preamble after the time offset corresponding to the first
time offset.

[0018] In asecond aspect, the present application fur-
ther provides a contention-free random access resource
indication UE device, which uses any one of the methods
in the first aspect of the present application. The device
includes: a UE receiving module, configured to receive
DCI; a UE determining module, configured to determine
an RO at and after a time offset corresponding to the first
time offset over the time when receiving DCI triggers the
random access procedure ; and a UE transmitting mod-
ule, configured to transmit a preamble on the determined
RO.

[0019] In athird aspect, the present application further
provides a contention-free random access resource in-
dication network device, which uses any one of methods
in the first aspect of the present application. The device
includes: a network transmitting module, configured to
transmit DCI; a network determining module, configured
to determine one or a plurality of ROs at and after a time
offset corresponding to a first time offset over the time
when transmitting DCI triggering a random access pro-
cedure; and a network receiving module, configured to
receive and detect a preamble on the determined RO.
[0020] The present application further provides a con-
tention-free random access resource indication device,
including: a memory, a processor, and a computer pro-
gram that is stored in the memory and is capable of run-
ning on the processor, wherein the computer program,
when executed by the processor, implements the steps
of the method according to any one of the embodiments
in the first aspect of the present application.

[0021] The present application further provides a com-
puter-readable medium, wherein the computer-readable
medium stores a computer program. The computer pro-
gram, when executed by a processor, implements the
steps of the method according to any one of the embod-
iments in the first aspect of the present application.

10

15

20

25

30

35

40

45

50

55

[0022] The present application further provides a mo-
bile communication system, including the network device
according to any one of the embodiments of the present
application, and the UE device according to any one of
the embodiments of the present application.

[0023] The atleastone of the above technical solutions
used by the present application can achieve the following
beneficial effects:

[0024] The method of the present invention can effec-
tively solve the problems that in a long-distance commu-
nication scenario, when receiving DCI triggering random
access, the time for transmitting the preamble with com-
pensating timing advance, after the UE selects an RO
according to DCI indication, is before the time when the
UE receives DCI triggering random access, or the time
difference between the time when the UE receives DCI
triggering random access and the determined time when
the preamble is transmitted is inadequate for the UE to
prepare preamble transmission for random access.

Brief Description of the Drawings

[0025] The accompanying drawings illustrated herein
are provided to further understand the present applica-
tion and form a part of the present application. The ex-
emplary embodiments of the present application and the
descriptions thereof are used to explain the present ap-
plication and do not constitute an improper limitation on
the present application. In the drawings:

FIG. 1(a) is a schematic diagram of a contention-free
random access according to an embodiment of an
existing method;

FIG. 1(b) is a schematic diagram of another conten-
tion-free random access according to an embodi-
ment of an existing method;

FIG. 2(a) is a schematic diagram of DCI indicating
RO according to a method embodiment of the
present application;

FIG. 2(b) is a schematic diagram of a first selection
method of RO according to a method embodiment
of the present application;

FIG. 3 is an embodiment of a method applied to a
UE device according to the present application;
FIG. 4 is an embodiment of a method applied to a
network device according to the present application;
FIG. 5 is a schematic diagram of an embodiment of
a UE device;

FIG. 6 is a schematic diagram of an embodiment of
a network device;

FIG. 7 is a structural schematic diagram of a network
device according to another embodiment of the
present application; and

FIG. 8 is a block diagram of a UE device according
to still another embodiment of the present applica-
tion.
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Detailed Description of the Embodiments

[0026] Tomake the objectives, technical solutions, and
advantages of the present application clearer, the tech-
nical solutions of the present application will be clearly
and completely described below with reference to the
specific embodiments of the present application and the
corresponding accompanying drawings. Apparently, the
described embodiments are merely some rather than all
of the embodiments of the present application. All other
embodiments obtained by a person of ordinary skill in
the art based on the embodiments of the present appli-
cation without creative efforts shall fall within the protec-
tion scope of the present application.

[0027] The technical solutions provided in the embod-
iments of the present application are described in detail
with reference to the accompanying drawings.

Embodiment 1

[0028] FIG. 1(a) is a schematic diagram of a conten-
tion-free random access according to an embodiment of
an existing method, and FIG. 1(b) is a schematic diagram
of another contention-free random access according to
an embodiment of an existing method.

[0029] In a random access procedure of mobile com-
munication, a base station notifies resource configuration
information of a RO (PRACH Occasion) for transmitting
a preamble to a UE through system information or UE-
specific random access configuration information. Gen-
erally, the random access resource configuration infor-
mation carried by the system information is used for con-
tention-based random access. The random access con-
figuration information indicated by the UE-specific ran-
dom access configuration information is used for conten-
tion-free random access.

[0030] Ina5G mobile communication system, the RO
used by the UE to initiate random access has an asso-
ciation relation with SSB(SS/PBSCH), wherein the asso-
ciation relation between RO and SSB may be in one-to-
one mapping, or many-to-one mapping, or one-to-many
mapping. The UE may initiate contention-free random
access based on a PDCCH(Physical Downlink Control
Channel Command, i.e.,DCI) transmitted by the base
station. The base station indicates preamble ID, SSB
(SS/PBSCH) ID and PRACH (Physical Random Access
Channel) Mask ID in DCI through which the UE initiates
random access. After receiving DCI, the UE selects an
RO according to the indicated PRACH Mask ID in a first
available indicated SSB ID and RO mapping pattern to
transmit the indicated preamble.

[0031] For example, as shown in FIG. 1(a), the base
station indicates SSB ID=2 and PRACH Mask ID=1 in
DCI. The DCI transmitted by the base station indicates
the UE to employ RO associated with SSB2 to transmit
the preamble ID, and correspondingly, the base station
receives and detects the preamble at the corresponding
RO.
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[0032] The preamble transmitted by the UE to the base
stationin the random access procedure is a kind of uplink
signal. Generally, to achieve uplink synchronization, that
is, to achieve consistency between the time when the
uplink signal transmitted by the UE reaches the base
station, and the uplink timing of the base station side, the
UE needs to apply timing advance when transmitting the
uplink signal. Atotal timing advance Ny 1o14/iS €xpressed
as Nra totar = (N4 *+ N7a omset) To» Wherein a first timing
advance N, - T, is determined according to a timing
advance indicated by the base station in random access
response, or a timing advance command with MAC CE
(Media Access Control Control Element) received by the
UE, and a second timing advance Nya ofset - T is @ fixed
parameter determined according to a duplex mode in
which the UE operates and whether LTE-NR are in a
coexistence state, wherein T, is a time unit, the value of
5G NRis 0.509 ns, Ny, is a first time unit quantity, and
N4 oftset IS @ second time unit quantity.

[0033] Due to the low propagation delay between the
base station and the UE in terrestrial communication sys-
tems, the UE is in an RRC idle state or an uplink out-of
synchronization state or other states when initiating ran-
dom access, and thus cannot acquire an uplink timing
advance indicated by the base station or needs to re-
acquire an uplink timing advance indicated by the base
station. Therefore, it is agreed that the value of the first
timing advance Ny, - T, is setto be 0 when the UE trans-
mits the preamble. The base station detects the preamble
transmitted by the UE, measures the timing advance cor-
responding to the received preamble, and then indicates
this information to the UE through random access re-
sponse.

[0034] In along-distance communication scenario, for
example, a non-terrestrial satellite communication sce-
nario, the propagation distance between the UE and the
base station may be hundreds or even thousands of kil-
ometers, and the corresponding propagation delay is up
to tens to hundreds of milliseconds. If the first timing ad-
vance is set to be 0 when the preamble is transmitted,
the base station side cannot monitor the preamble.
Therefore, the UE performs timing advance pre-compen-
sation when transmitting the preamble in consideration
of the NTN(Non-Terrestrial Network ) communication
and similar long-distance communication scenarios. The
pre-compensated timing advance may be twice the prop-
agation delay to the base station estimated by the UE,
or may be twice the maximum propagation delay differ-
ence estimated by the UE between the UE and a refer-
ence point in the coverage range of the base station.
Correspondingly, in the NTN and similar long-distance
communication scenarios, the pre-compensated timing
advance may be several milliseconds to several hundred
milliseconds.

[0035] Compensating the timing advance whenthe UE
transmits the preamble directly leads to a problem that
when the UE receives DCI triggering random access, the
time when the preambile is transmitted, after an RO in a
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first available association pattern with the indicated SSB
ID and RO is selected according to DCI indication and
the timing advance is compensated, is before the time
when the UE receives DCI triggering random access, or
the time difference between the time when the UE re-
ceives DCI triggering random access and the determined
time when the preamble is transmitted is inadequate for
the UE to prepare preamble transmission for random ac-
cess. As shown in FIG. 1(b), the base station indicates
that the UE employs an RO associated with SSB2 to
transmit a preamble in DCI. The UE receives the DCI at
a time t0. A time when selecting the RO is t1. The trans-
mitting time after the timing advance is compensated for
the selected RO is t1-TApre. A scenario may occur in
which the time tl-TApre is less than the time t0, or tl-
TApre-t0 is less than a processing delay for the UE after
receiving DCI to prepare for preamble transmission.
[0036] Embodiment 1 of the present application de-
scribes an existing contention-free random access re-
source indication method and the problem of inadequate
preparation time for preamble transmission in the existing
method.

Embodiment 2

[0037] FIG. 2(a) is a schematic diagram of DCI indi-
cating RO according to a method embodiment of the
presentapplication; and FIG. 2(b)is a schematic diagram
of a first selection method of RO according to a method
embodiment of the present application.

[0038] This embodiment provides a contention-free
random access resource indication method, which can
be applied to a contention-free random access technol-
ogy of mobile communication and includes the following
step 101:

Step 101: starting from a random access triggering time,
a time different from the random access triggering time
by a first interval is determined as a first time. An RO is
selected to carry a preamble at and after the first time.
[0039] In step 101, the random access triggering time
is a time when DCI triggers a random access procedure.
For the base station, the random access triggering time
refers to a time when DCI is transmitted, wherein the
transmitted DCl is configured to trigger the UE to initiate
random access according to DCI indication. For the UE,
the random access triggering time refers to a time when
DCl is received, wherein the received DCI is configured
to trigger UE side to initiate random access.

[0040] Instep101,DClindicates one orseveral of SSB
ID and PRACH Mask ID in addition to preamble ID. A
method for selecting an RO at and after the first time
includes at least one of the following first selecting meth-
od to third selecting method.

[0041] FIG. 2(a) is a general description of the first se-
lecting method to the third selecting method in which DCI
indicates one RO for carrying the preamble. Generally
speaking, an RO carrying a preamble corresponds to DCI
indication, and the corresponding relation is one or sev-
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eral of the following first selecting method to third select-
ing method.

[0042] The first selecting method: an RO, correspond-
ing to PRACH Mask ID, in a first available SSB ID and
RO association pattern atand after afirsttime is selected.
[0043] SSBIDand PRACH Mask ID are both indicated
in DCI triggering random access.

[0044] The method may be suitable for scenarios
where SSB ID and PRACH Mask ID are indicated in DCI.
[0045] Itshould be noted that the available SSB ID and
RO association pattern in the present invention is de-
scribed in Standard 3GPP TS 38.213: "The UE selects
for a PRACH transmission the PRACH occasion indicat-
ed by PRACH mask index value for the indicated
SS/PBCH block indexin the firstavailable mapping cycle"
(i.e., the UE selects an RO for PRACH transmission, cor-
responding to PRACH Mask ID, in a first available SSB
ID and RO association pattern).

[0046] In the first selecting method, the available SSB
ID and RO association pattern may be understood as
thatthe SSB ID and RO association pattern is an RO set
associated with SSB ID according to resource configu-
ration of PRACH, and RO corresponding to PRACH
Mask ID is selected from the set.

[0047] For example, assuming that one SSB ID is as-
sociated with 8 ROs, the index corresponding to the 8
ROs is 1-8. If the PRACH Mask ID is 6, the RO (RO
index=6) in the SSB ID and RO association pattern is
selected to carry the preamble. If the PRACH Mask 1D
corresponds to a plurality of ROs, for example, PRACH
Mask ID=0, any one of the plurality of ROs corresponding
to PRACH Mask ID or a first RO of the plurality of ROs
may be selected. Alternatively, in a random access pro-
cedure triggered by PDCCH in an implementation, the
scenario where PRACH Mask ID indicated in DCI corre-
sponds to a plurality of ROs can be avoided.

[0048] The second selecting method: one of ROs in a
first available SSB ID and RO association pattern at and
after a first time is selected.

[0049] The method maybe applied to a scenario where
SSB ID is indicated, but PRACH Mask ID is not indicated
in DCI, or a scenario where SSB ID is indicated, but in-
dicated PRACH Mask ID is invalid in DCI.

[0050] Inthe second selecting method, any one of ROs
associated with SSB ID or a first RO of the plurality of
ROs in the first available SSB ID and RO association
pattern is selected to carry the preamble.

[0051] The third selecting method: a first available RO
corresponding to PRACH Mask ID indicated by DCI at
and after a first time is selected.

[0052] The method maybe applied to a scenario where
SSB ID is not indicated, but PRACH Mask ID is indicated
in DCI. A first available RO corresponding to PRACH
Mask ID is selected to carry a preamble. If one PRACH
Mask ID corresponds to a plurality of ROs, any RO or a
first RO of the plurality of ROs is selected; orin a random
access procedure triggered by PDCCH in an implemen-
tation, the scenario where PRACH Mask ID indicated in
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DCI corresponds to a plurality of ROs can be avoided.
[0053] In the available RO corresponding to PRACH
Mask ID indicated by DCI, "available" is a wording in the
standard, which indicates that a valid RO for carrying the
preamble can be used according to the acquired config-
uration information.

[0054] Instep 101, the first interval is a time offset cor-
responding to the first time offset.

[0055] Instep 101, after receivinga PDCCH command
(DCI) triggering random access, the UE initiates random
access selecting one RO carrying the preamble accord-
ing to the first selecting method, the second selecting
method, and the third selecting method.

[0056] In step 101, after transmitting a PDCCH com-
mand (DCI) triggering random access of the UE, the base
station detects an indicated preamble transmitted by the
UE on one or a plurality of ROs according to the first
selecting method, the second selecting method, and the
third selecting method. Specifically, if RPACH Mask ID
indicated in DCI corresponds to a plurality of ROs, or if
RPACH Mask ID is invalid in DCI, and SSB ID indicated
in DCI corresponds to a plurality of ROs, or if SSB ID is
not indicated in DCI, and PRACH Mask ID indicated in
DCI corresponds to a plurality of ROs, the UE needs to
select any one of the plurality of ROs to transmit the pre-
amble, and as a consequence, the base station side de-
tects the preamble transmitted by the UE on the plurality
of corresponding ROs. In other cases, the UE selects
one determined RO to transmit the preamble, and cor-
respondingly the base station detects the preamble
transmitted by the UE on the one determined RO.
[0057] Instep 101, an example that preamble ID, SSB
(SS/PBSCH) ID and PRACH Mask ID of random access
of the UE are indicated in DCI transmitted by the base
station is used for further description: when the base sta-
tion triggers random access through the DCI (PDCCH
command), the UE, after receiving the PDCCH com-
mand, selects an RO according to the indicated PRACH
Mask ID in a first available indicated SSB ID and RO
association pattern after the time offset corresponding to
the first time offset K g; to transmit the indicated pre-
amble.

[0058] For example, as shown in FIG. 2(b), the base
station transmits DCI triggering random access to the
UE. Preamble ID, SSB (SS/PBSCH) ID and PRACH
Mask ID for random access of the UE are indicated in
DCI. The DCI indicates that SSB ID=2 (that is, an RO
resource corresponding to SSB2 is selected to transmit
the preamble ID indicated in DCI). After transmitting DCI,
the base station may receive and detect the preamble
indicated in DCI on the RO corresponding to PRACH
Mask ID in the first available SSB2 and RO association
pattern after the time offset corresponding to the first time
offset K, frger

[0059] Correspondingly, after receiving the DCI, the
UE selects one RO corresponding to PRACH Mask ID
in the first available SSB2 and RO association pattern to
transmit the preamble indicated in DCI after the time off-
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set corresponding to the first time offset K g

[0060] Preferably, the first time offset is indicated in
information that is transmitted by a network device to a
UE, and/or is indicated in information that is reported by
the UE to the network device, and/or has a corresponding
relation with a timing advance compensated by the UE
itself, and/or has a corresponding relation with a maxi-
mum timing advance compensated by UEs within the
service range of a cell, and/or is acquired by a device
through writing or measurement, and/or is acquired by
combination of the above manners. Information transmit-
ted by the network device to the UE may be DCI, upper-
layer RRC signaling or MAC CE; and information report-
ed by the UE to the network device may be information
carried by PUCCH or PUSCH. The DCI may be or not
be DCI triggering random access. The acquisition by the
device through writing or measurement may be a manner
of writing a fixed parameter or the like which does not
need to be indicated by additional network device sign-
aling according to a protocol agreement. The timing ad-
vance compensated by the UE has a certain correspond-
ing relation with the propagation delay between the UE
and the base station. The maximum timing advance com-
pensated by UEs in the service range of the cell has a
certain corresponding relation with the maximum propa-
gation delay between UE and the base station in the serv-
ice range of the cell.

[0061] It should be further noted that the manner that
the first time offset is acquired by superposing the pa-
rameter acquired based on the above manners with one
or a plurality of known parameters is equivalent to the
manner that the first offsetis acquired based on the above
manners. The manner that the first time offset is deter-
mined by the UE according to a candidate parameter
index indicated in the above DCI, RRC signaling or MAC
CE, from a table of candidate first time offsets agreed in
the standard is equivalent to the manner that the first time
offsetis acquired based on the above manners. The man-
ner that the first time offset is determined by superposing
a parameter determined by the UE according to a can-
didate parameter index indicated in the above DCI, RRC
signaling or MAC CE, from a table of candidate param-
eters agreed in the standard with one or a plurality of
known parameters is equivalent to the manner that the
first time offset is acquired based on the above manner.
Generally speaking, the manner that the first time offset
is determined by superposing partial information of the
first time offsetacquired based on the above manner with
one or a plurality of known parameters is equivalent to
the manner that the first time offset is acquired based on
the above manners.

[0062] Preferably, the time unit of the time offset cor-
responding to the first time offset is millisecond, that is,
the time offset corresponding to the first time offset K
is Kot Milliseconds, which shows that after receiving
DCl triggering random access and waiting for K e mil-
liseconds, the UE selects an RO to transmit the preamble
indicated by DCI. Correspondingly, after transmitting DCI
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triggering random access and waiting for K 4.,; millisec-
onds, the base station selects the RO corresponding to
indication to receive and detect the preamble indicated
by the DCI.

[0063] Preferably, the time unit of the time offset cor-
responding to the first time offset is slot, and the time
offset corresponding to the first time offset is:

JMPRACH
P

c—| + K
ZuPDSCHJ offset , wherein Kz is the first

time offset, 2#PPRACH js based on uplink subcarrier spac-
ing configuration, 24PDSCH is based on downlink subcar-
rier spacing configuration, and p is a downlink slot at
which the DCI triggering random access is present.

[0064] For the UE side, it means that after receiving
DCI triggering random access, the UE selects an RO

2 #PRACH

b2+ Ko
after the uplink slot [ 2HPDSCH offse to trans-

mit the preamble indicated by DCI, p represents the
downlink slot when the UE receives the DCI triggering

JMPRACH

ln —J + K
PDSCH of fset .
random access, 24 1 isbased on

an uplink subcarrier spacing configuration, wherein
n=1,2,3....

[0065] Correspondingly, for the base station side, it
means that after transmitting the DCI triggering the ran-
dom access, the base station receives and detects the
preamble indicated by DCI on the RO corresponding to

2| +K
DCI after the uplink slot lp Z“PDSCHJ offset

wherein the slot p represents the downlink slot at which
the DCI triggering random access, which is transmitted
by the base station, is present.

[0066] Preferably, the time offset corresponding to the
first time offset K g is required to be not less than a
timing advance TA . ye applied by the UE to transmit
the preamble.

[0067] Preferably, the time offset corresponding to the
first time offset is required to be not less than the sum of
a timing advance TA, ye applied by the UE to transmit
the preamble, and a processing delay Ny, wherein Ny,
represents the processing delay used by the UE to re-
ceive DCI triggering random access and to prepare to
transmit random access information.

[0068] Preferably, the time offset corresponding the
first time offset K g is required to be not less than a
maximum value TAp may Of @ timing advance applied
by UEs to transmit the preamble within the coverage
range of a cell.

[0069] Preferably, the time offset corresponding to the
first time offset is required to be not less than the sum of
a maximum value TA,, ,,, Of a timing advance applied
by UEs to transmit the preamble within the coverage
range of a cell, and a processing delay N, wherein

Npro1 represents the processing delay used by the UE to

2 #PRACH

pre,
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receive DCI triggering random access and to prepare to
transmit random access information.

[0070] Itshould be further noted that the time when the
RO is selected by the UE may be different from the actual
transmission time when the UE transmits the preamble
using the RO. The actual transmission time when the
preamble is transmitted using the RO is a time after the
timing advance is applied at the time when the RO is
selected, wherein the applied timing advance may be 0,
or the second timing advance, or the sum of the second
timing advance and the pre-compensated timing ad-
vance of the UE side. The time when the RO is selected
by the base station may be different from the actual de-
tection time when the base station receives and detects
the preamble transmitted by the UE using the RO. The
actual detection time when receiving and detecting the
preamble transmitted by the UE using the RO may be a
time when the RO is selected by the base station, or may
be atime afteracommon timing advance is compensated
to the time when the RO is selected by the base station.
[0071] Forexample,assumingthatinacommunication
scenario, the base station sets a reference position in a
serving cell, and uplink data is transmitted at the refer-
ence position, so that the timing advance required for
alignment with uplink timing of the base station is a C-
TA (Common Timing Advance ). The timing advance ap-
plied by the UE to transmit the uplink data is based on a
D-TA(Differential Timing Advance ) compared with the
common timing advance. TheD-TA is a difference be-
tween a F-TA (Full Timing Advance ) required by the UE
to transmit uplink data to achieve alignment with the up-
link timing of the base station, and the common timing
advance. At this time, the base station needs to compen-
sate a common timing advance with reference to uplink
timing of the present side when detecting the UE trans-
mitting the preamble.

[0072] The present application provides a contention-
free random access resource indication method to solve
the problem that when the UE receives DCI triggering
random access, a time when the preamble is transmitted,
after one RO is selected according to DCI indication and
the timing advance is compensated, is before the time
when the UE receives DCI triggering random access, or
the time difference between the time when the UE re-
ceives DCI triggering random access and the determined
time when the preamble is transmitted is inadequate for
the UE to prepare preamble transmission for random ac-
cess.

Embodiment 3

[0073] FIG. 3 is an embodiment of a method for a UE
device according to the present application.

[0074] The method according to any one of the em-
bodiments in the first aspect of the present application is
applied to a UE device and includes the following steps
201-202.

[0075] Step 201: a first time offset is acquired.
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[0076] Instep 201, the firsttime offset may be acquired
by the UE from information transmitted by a network de-
vice to the UE, and/or may correspond to the first time
offset indicated in the information reported by the UE to
the base station, and/or may have a corresponding rela-
tion with the timing advance compensated by the UE it-
self, and/or may have a corresponding relation with the
maximum timing advance compensated by UEs in the
service range of the cell, and/or may be acquired by the
UE device through writing or measurement, and/or may
be acquired in a manner of combining the above man-
ners. The information transmitted by the network device
to the UE may be DCI, upper-layer RRC signaling or MAC
CE, and the information reported by the UE to the network
device may be information carried by PUCCH or PUSCH.
DCI may be or may not be DCI triggering random access.
[0077] As described in step 101, the manner that the
first time offset is determined by superposing partial in-
formation of the first time offset acquired based on the
above manner with one or a plurality of known parame-
ters is equivalent to the manner that the first time offset
is acquired based on the above manner.

[0078] Step 202: DCI triggering a random access pro-
cedure is received, and an RO is selected to transmit a
preamble after the time offset corresponding to the first
time offset superposed at the time when DCl is received.
[0079] In step 202, the UE receives DCI transmitted
by the base station, the DCI triggers the random access
procedure, and the time when the UE receives the DCI
is a random access triggering time of the UE side.
[0080] In step 202, the method of selecting an RO by
the UE has been described in detail in Embodiment 2,
which will not be repeated here.

[0081] Instep 202, the process of transmitting the pre-
amble by the UE has been described in detail in Embod-
iment 2, which will not be elaborated herein.

Embodiment 4

[0082] FIG. 4 is an embodiment of a method for a net-
work device according to the present application.
[0083] The method according to any one of the em-
bodiments in the first aspect of the present application is
applied to a network device and includes the following
steps 301-302.

[0084] Step 301: a first time offset is acquired.

[0085] In step 301, the first time offset acquired by the
network device corresponds to a first time offset in the
information transmitted by the network device to the UE,
and/or corresponds to a first time offset indicated in the
information reported by the UE to the network device,
and/or has a corresponding relation with the timing ad-
vance compensated by the UE itself and reported by the
UE, and/or has a corresponding relation with the maxi-
mum timing advance compensated by UEs in the service
range of the cell, and/or is acquired in a manner of writing
or measurement by the network device side, and/or is
acquired in a manner of combining the above manners.
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Information transmitted by the network device to the UE
may be DCI, upper-layer RRC signaling or MAC CE; and
information reported by the UE to the network device may
be information carried by PUCCH or PUSCH. The DCI
may be or may not be DCI triggering random access.
[0086] As described in step 101, the manner that the
first time offset is determined by superposing partial in-
formation of the first time offset acquired based on the
above manners with one or a plurality of known param-
eters is equivalent to the manner that the first time offset
is acquired based on the above manner.

[0087] Step 302: DCI triggering a random access pro-
cedure is transmitted, and an RO corresponding to the
indication is selected to receive and detect a preamble
after the time offset corresponding to the first time offset
superposed at the time when DCI is received.

[0088] In step 302, the method in which the base sta-
tion transmits DCI triggering the random access proce-
dure, and the method that the base station receives and
detects the preamble ID has been described in detail in
Embodiment 2, which will not be repeated here.

Embodiment 5

[0089] FIG. 5 is a schematic diagram of an embodi-
ment of a UE device.

[0090] The present application further provides a UE
device using the method according to any one of the em-
bodiments in the present application. The UE device is
applied to a contention-free random access procedure.
[0091] To implement the above technical solution, the
present application provides a UE device 500, including:
a UE receiving module 501, a UE determining module
502, and a UE transmitting module 503.

[0092] The UE receiving module is configured to re-
ceive DCI.

[0093] The UE determining module is configured to de-
termine an RO at and after a time offset corresponding
to a first time offset superposed at a time when DCI trig-
gers a random access procedure.

[0094] The UE transmitting module is configured to
transmit a preamble on the determined RO.

[0095] The specific methods for achieving the func-
tions of the UE receiving module, the UE determining
module and the UE transmitting module are described
as the respective method embodiments of the present
application, which will not be repeated here.

[0096] The UE according to the present application
may refer to a mobile UE device.

Embodiment 6

[0097] FIG. 6 is a schematic diagram of an embodi-
ment of a network device.

[0098] An embodiments of the present application fur-
ther provides a network device, using the method accord-
ing to any one embodiments of the present application.
[0099] To implementthe above technical solution, the
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present application provides a network device 600, in-
cluding: a network receiving module 601, a network de-
termining module 602, and a network transmitting mod-
ule 603.

[0100] The network transmitting module is configured
to transmit DCI.
[0101] The network determining module is configured

to determine an RO corresponding to indication at and
after a time offset corresponding to a first time offset su-
perposed at a time when DCl is transmitted.

[0102] The network receiving module is configured to
receive and detect a preamble ID on the determined RO.
[0103] The specific methods for achieving the func-
tions of the network transmitting module, the network re-
ceiving module and the network determining module are
as described in the respective method embodiments of
the present application, which will not be repeated here.

Embodiment 7

[0104] FIG. 7 is a structural schematic diagram of a
network device according to another embodiment of the
present application. As shown in the figure, a network
device 700 includes a processor 701, awireless interface
702, and a memory 703. The wireless interface may be
a plurality of assemblies, which includes a transmitter
and areceiver, and provides units configured to commu-
nicate with various other apparatuses on a transmission
medium. The wireless interface achieves the function of
communicating with the UE device, a wireless signal is
processed by receiving and transmitting apparatuses,
and data carried by the signal communicate with the
memory or processor through an internal bus structure.
The memory 703 includes a computer program for im-
plementing any one of the embodiments of the present
application, and the computer program runs or changes
on the processor 701. The memory, processor and wire-
less interface circuits are connected through a bus sys-
tem. The bus system includes a data bus, a power supply
bus, a control bus, and a status signal bus, which will not
be elaborated herein.

Embodiment 8

[0105] FIG. 8 is a block diagram of a UE device ac-
cording to another embodiment of the present applica-
tion. A UE device 800 includes at least one processor
801, amemory 802, a userinterface 803 and at least one
network interface 804. The assemblies in the UE device
800 are coupled together through a bus system. The bus
system is configured to implement connection commu-
nication between these assemblies. The bus system in-
cludes a data bus, a power supply bus, a control bus,
and a status signal bus.

[0106] The user interface 803 may include a display,
a keyboard, or a clicking device, for example, a mouse,
a trackball, a touch panel, or a touchscreen, etc.

[0107] The memory 802 stores an executable module
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or a data structure. The memory may store an operating
system and an application program therein. The operat-
ing system includes various system programs, such as
aframework layer, a core library layer, and a driver layer,
and is configured to implement various basic services
and process hardware-based tasks. The application pro-
gram includes various application programs, for exam-
ple, amedia player, and a browser, etc., and is configured
to implement various application services.

[0108] In the embodiments of the present application,
the memory 802 includes a computer program for imple-
menting any one of the embodiments of the present ap-
plication, and the computer program runs or changes on
the processor 801.

[0109] The memory 802 includes a computer-readable
storage medium, and the processor 801 reads informa-
tion from the memory 802, and implements the steps of
the foregoing methods in combination with its hardware.
Specifically, the computer-readable storage medium
stores a computer program thereon, and the computer
program, when executed by the processor 801, imple-
ments the steps of the foregoing method embodiment
according to any one of the above embodiments.
[0110] The processor 801 may be an integrated circuit
chip, and has a signal processing capability. During im-
plementation, the steps of the method according to the
present application can be implemented by hardware in-
tegrated logic circuits in the processor 801 or instructions
in the form of software. The processor 801 may be a
general-purpose processor, a digital signal processor,
an application-specific integrated circuit, a field program-
mable gate array or another programmable logic device,
a discrete gate or a transistor logic device, or a discrete
hardware assembly. The methods, steps, and logic block
diagrams disclosed in the embodiments of the present
application may be implemented or executed. The gen-
eral-purpose processor may be a microprocessor, or the
processor may be any conventional processor or the like.
The steps of the methods disclosed with reference to the
embodiments of the present application may be directly
performed by a hardware decoding processor, or may
be performed by using the combination of hardware and
software modules in a decoding processor.

[0111] The specific mobile communication technolo-
gies described in the present application, without limita-
tion, may be WCDMA, CDMA2000, TD-SCDMA,
WIMAX, LTE/LTE-A, LAA, MuLTEfire, and the subse-
quent 5th-generation, 6th-generation, Nth-generation
mobile communication technologies.

[0112] The UE described in the present application re-
fers to a UE side product capable of supporting a com-
munication protocol of a terrestrial communication sys-
tem. A modem module (wireless modem) special for
communication can be integrated by various types of UEs
such as a mobile phone, a tablet computer, and a data
card.

[0113] Forthe convenience of description, the 4th-gen-
eration mobile communication system LTE/LTE-A and
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MulteFire derived therefrom are taken as examples,
wherein the mobile communication UE is represented as
user equipment, and an access device is represented as
a base station or an AP (Access Point).

[0114] It should further be noted that the present ap-
plication may be extended as a scenario where after re-
ceiving DCI triggering random access, the UE selects a
plurality of ROs after the time offset corresponding to the
first time offset to transmit preambles for multiple times,
and correspondingly, after transmitting DCI triggering
random access, and the base station detects the pream-
bles on the plurality of corresponding ROs after the time
offset corresponding to the first time offset. The extended
scenario is within the spirit and principle of the present
application.

[0115] Itshould also be noted that the term "comprise”,
"include", or any other variant thereof is intended to cover
a non-exclusive inclusion, such that a process, method,
product, or device that includes a series of elements in-
cludes not only those elements, but also other elements
not explicitly listed, or elements that are inherent to such
a process, method, product, or device. An element de-
fined by a phrase "including a/an..." does not exclude
presence of other identical elements in the process,
method, commodity, or device that includes the element
without further limitations.

[0116] It should also be noted that "first" and "second"
in the present application are used to distinguish a plu-
rality of objects with the same name, and have no other
special meanings unless otherwise specified.

[0117] The above description is only embodiments of
the present application and is not intended to limit the
present application. For those skilled in the art, the
present application may have various modifications and
changes. Any modifications, equivalent substitutions, im-
provements, etc., made within the spirit and principle of
the present application should be included within the
scope of the claims of the present application.

Claims

1. A contention-free random access resource indica-
tion method, characterized by comprising the fol-
lowing steps:

determining, from a random access triggering
time, a time different from the random access
triggering time by a first interval as a first time,
and selecting an RO to carry a preamble at and
after the first time,

wherein the first interval is a time offset corre-
sponding to a first time offset, and the random
access triggering time is a time when DCI trig-
gers a random access procedure.

2. The contention-free random access resource indi-
cation method according to claim 1, characterized
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10

in that the method for selecting an RO to carry a
preamble further comprises:

selecting an RO corresponding to PRACH Mask ID
inafirstavailable SSB ID and RO association pattern
atand after the firsttime to carry a preamble, wherein
SSB ID, PRACH Mask ID and preamble ID are all
indicated by the DCI.

The contention-free random access resource indi-
cation method according to claim 1, characterized
in that the method for selecting an RO to carry a
preamble further comprises:

selecting an RO in a first available SSB ID and RO
association pattern at and after the first time to carry
a preamble, wherein SSB ID and preamble ID are
both indicated by the DCI.

The contention-free random access resource indi-
cation method according to claim 1, characterized
in that the method for selecting an RO to carry a
preamble further comprises:

selecting a first available RO corresponding to
PRACH Mask ID indicated by DCI at and after the
first time to carry a preamble, wherein PRACH Mask
ID and preamble ID are both indicated by the DCI.

The contention-free random access resource indi-
cation method according to claim 1, characterized
in that the first time offset is indicated in information
that is transmitted by a network device to a UE,
and/or is indicated in information that is reported by
the UE to the network device, and/or has a corre-
sponding relation with a timing advance compensat-
ed by the UE itself, and/or has a corresponding re-
lation with a maximum timing advance compensated
by UEs within the service range of a cell, and/or is
acquired by a device through writing or measure-
ment, and/oris acquired by combination of the above
manners;

the information is DCI, upper-layer RRC signal-
ing or MAC CE under the condition that the first
time offset is indicated in the information that is
transmitted by the network device to the UE; and
the reported information is information carried
by PUCCH or PUSCH under the condition that
the first time offset is indicated in the information
that is reported by the UE to the network device.

The contention-free random access resource indi-
cation method according to claim 1, characterized
in that the time unit of a time offset corresponding
to the first time offset is millisecond.

The contention-free random access resource indi-
cation method according to claim 1, characterized
in that the time unit of a time offset corresponding
to the first time offset is slot, and the time offset cor-
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responding to the first time offset is:

9 WPRACH
[P ' W] + Kofpset

wherein K g is the first time offset, 2#4PRACH i
based on uplink subcarrier spacing configuration,
2#PDSCH ig based on downlink subcarrier spacing
configuration, and p is a downlink slot at which DCI
triggering random access is present.

The contention-free random access resource indi-
cation method according to claim 1, characterized
in that

the time offset corresponding to the first time offset
is not less than a timing advance applied by the UE
to transmit the preamble.

The contention-free random access resource indi-
cation method according to claim 1, characterized
in that

the time offset corresponding to the first time offset
is not less than the sum of a timing advance applied
by the UE to transmit the preamble, and a processing
delay.

The contention-free random access resource indi-
cation method according to claim 1, characterized
in that

the time offset corresponding to the first time offset
is notless than a maximum value of a timing advance
applied by UEs to transmit the preamble within the
coverage range of a cell.

The contention-free random access resource indi-
cation method according to claim 1, characterized
in that

the time offset corresponding to the first time offset
is not less than the sum of a maximum value of a
timing advance applied by UEs to transmit the pre-
amble within the coverage range of the cell, and a
processing delay.

The method according to any one of claims 1-11,
applied to a UE device and characterized by com-
prising the following steps:

acquiring the first time offset; and

receiving DCI triggering a random access pro-
cedure, and selecting an RO corresponding to
DCI indication to transmit the preamble at and
after the time offset corresponding to the first
time offset superposed at the time when DCl is
received.

The method according to any one of claims 1-11,
characterized by being applied to a network device
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20
and comprising the following steps:

acquiring the first time offset; and

receiving DCI triggering a random access pro-
cedure, and selecting one or a plurality of ROs
corresponding to DCI indication to receive and
detect the preamble at and after the time offset
corresponding to the first time offset superposed
at the time when DCl is transmitted.

14. A contention-free random access resource indica-

15.

16.

17.

18.

tion UE device, configured to implement the method
according to any one of claims 1-11, and character-
ized by comprising:

a UE receiving module, configured to receive
DCl;

a UE determining module, configured to deter-
mine an RO corresponding to DCI indication at
and after a time offset corresponding to a first
time offset superposed at a time when DCI trig-
gers a random access procedure; and

a UE transmitting module, configured to transmit
a preamble on the determined RO.

A contention-free random access resource indica-
tion network device, configured to implement the
method according to any one of claims 1-11, and
characterized by comprising:

a network transmitting module, configured to
transmit DCI;

a network determining module, configured to de-
termine one or a plurality of ROs corresponding
to DCI indication at and after a time offset cor-
responding to a first time offset superposed at
a time when DCI is transmitted; and

a network receiving module, configured to re-
ceive and detect a preamble at a determined
RO.

A contention-free random access resource indica-
tion device, characterized by comprising: a mem-
ory, a processor, and a computer program that is
stored in the memory and is capable of running on
the processor, wherein the computer program, when
executed by the processor, implements the steps of
the method according to any one of claims 1-13.

A computer-readable medium, characterized in
that the computer-readable medium stores a com-
puter program; the computer program, when execut-
ed by a processor, implements the steps of the meth-
od according to any one of claims 1-13.

A mobile communication system, characterized by
comprising at least one device according to claim 14
and/or at least one device according to claim 15.
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