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random access preamble transmission using a random access re-
sources configured in association to the selected supplementary
uplink carrier.
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UPLINK CARRIER CONFIGURATION AND SELECTION
WITH SUPPLEMENTARY UPLINK

CROSS REFERENCE TO RELATED APPLICATION(S)

[0001]  This application claims the benefit of and priority to U.S. Provisional Application No.
62/616,397 filed on January 11, 2018 and entitled “UPLINK CARRIER CONFIGURATION
AND SELECTION WITH SUPPLEMENTARY UPLINK,” Attorney Docket No. US73080
(hereinafter referred to as “US73080 application™). The disclosure of the US73080 application is

hereby incorporated fully by reference into the present disclosure.

TECHNICAL FIELD

[0002] The present disclosure generally relates to a method for uplink configuration and
selection with supplementary uplink performed by a user equipment and user equipment

performing the same.

BACKGROUND

[0003] In New Radio (NR), high frequency band is considered to be adopted to improve
transmission data rate, for example in enhanced Mobile Broad Band (eMBB) scenarios. However,
the radio coverage of high frequency band diminishes over distances. Especially on uplink, the
transmission power is limited for a user equipment (UE). A supplementary uplink (SUL) carrier
on a lower frequency band is introduced to compensate the high frequency band uplink coverage

and to improve signal quality near the cell edges.
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SUMMARY

[0004] The present disclosure is directed to uplink configuration and selection with
supplementary uplink for a user equipment and a related base station.

[0005] In one aspect of the present disclosure, a user equipment (UE) for wireless
communication is provided. The UE comprises one or more non-transitory computer-readable
media having executable instructions embodied thereon and at least one processor coupled to the
one or more non-transitory computer-readable media. The at least one processor is configured to
execute the executable instructions to receive configuration information associated with at least
two uplink carriers, to select one of the at least two uplink carriers if power of a first downlink
reference signal measured by the UE is below a first threshold value, to select a contention-free
random access (CFRA) resource associated with a second downlink reference signal on the
selected uplink carrier if power of the second downlink reference signal measured by the UE is
above a second threshold value, and to perform a random access procedure using the selected
CFRA resources and the selected uplink carrier.

[0006] In one aspect of the present disclosure, a method for wireless communication, performed
by a user equipment (UE), is provided. The method, performed by the UE, comprises receiving
configuration information associated with at least two uplink carriers, selecting one of the at least
two uplink carriers if power of a first downlink reference signal measured by the UE is below a
first threshold value, selecting a contention-free random access (CFRA) resource associated with
a second downlink reference signal on the selected uplink carrier if power of the second downlink
reference signal measured by the UE is above a second threshold value, and performing a random
access procedure using the selected CFRA resources and the selected uplink carrier.

[0007] In one aspect of the present disclosure, a base station for wireless communication is
provided. The base station comprises one or more non-transitory computer-readable media having
executable instructions embodied thereon and at least one processor coupled to the one or more
non-transitory computer-readable media. The processor is configured to execute the executable
instructions to send configuration information associated with at least two uplink carriers to a user
equipment (UE), and to receive a contention-free random access (CFRA) resource on one of the
at least two uplink carriers. The one uplink carrier that the CFRA resource is transmitted on is
selected by the UE when power of a downlink reference signal measured by the UE is below a

threshold value.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Aspects of the exemplary disclosure are best understood from the following detailed
description when read with the accompanying figures. Various features are not drawn to scale,
dimensions of various features may be arbitrarily increased or reduced for clarity of discussion.
[0009] FIG. 1 is a schematic diagram illustrating a wireless communication system configured
with a normal uplink carrier and a supplementary uplink carrier.

[0010] FIG. 2 is a schematic diagram illustrating a wireless communication system according
to one embodiment of the present disclosure.

[0011] FIGs. 3A and 3B are a schematic diagrams illustrating uplink configurations for physical
uplink control channel (PUCCH) according to one embodiment of the present disclosure.

[0012] FIG. 4 is a schematic information element structure according to one embodiment of the
present disclosure.

[0013] FIG. 5 is a schematic information element structure according to another embodiment
of the present disclosure.

[0014] FIG. 6 is a decision flow chart for a UE to perform random access preamble transmission
according to one embodiment of the present disclosure.

[0015] FIG. 7 is adecision flow chart for a UE to perform random access preamble transmission
according to another embodiment of the present disclosure.

[0016] FIG. 8 is a block diagram of a device for wireless communication in accordance with

various embodiments of the present disclosure.
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DETAILED DESCRIPTION

[0017] The following description contains specific information pertaining to exemplary
embodiments in the present disclosure. The drawings in the present disclosure and their
accompanying detailed description are directed to merely exemplary embodiments. However, the
present disclosure is not limited to merely these exemplary embodiments. Other variations and
embodiments of the present disclosure will occur to those skilled in the art. Unless noted otherwise,
like or corresponding elements among the figures may be indicated by like or corresponding
reference numerals. Moreover, the drawings and illustrations in the present disclosure are
generally not to scale, and are not intended to correspond to actual relative dimensions.

[0018] The description uses the phrases “in one embodiment,” “in one implementation,” “in
some implementations,” or “in some embodiments,” which may each refer to one or more of the
same or different embodiments. The term “coupled” is defined as connected, whether directly or
indirectly through intervening components, and is not necessarily limited to physical connections.
The term “comprising,” when utilized, means “including, but not necessarily limited to”; it
specifically indicates open-ended inclusion or membership in the so-described combination, group,
series and the equivalent.

[0019] It is noted that the term "and/or" includes any and all combinations of one or more of the
associated listed items. It will also be understood that, although the terms first, second, third etc.
may be used herein to describe various elements, components, regions, parts and/or sections, these
elements, components, regions, parts and/or sections should not be limited by these terms. These
terms are only used to distinguish one element, component, region, part or section from another
element, component, region, layer or section. Thus, a first element, component, region, part or
section discussed below could be termed a second element, component, region, layer or section
without departing from the teachings of the present disclosure.

[0020] It should be noted that, in the present disclosure, a UE may include, but is not limited to,
a mobile station, a mobile terminal or device, a user communication radio terminal. For example,
a UE may be a portable radio equipment, which includes, but is not limited to, a mobile phone, a
tablet, a wearable device, a sensor, a personal digital assistant (PDA), or a television display with
wireless communication capability. The UE is configured to receive and transmit signals over an

air interface to one or more cells in a radio access network.
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[0021] A base station may include, but is not limited to a node B (NB) as in a Universal Mobile
Telecommunication System (UMTS), an evolved node B (eNB) as in Long-Term Evolution
Advanced (LTE-A), a radio network controller (RNC) as in the UMTS, a base station controller
(BSC) as in Global System for Mobile Communication/GSM EDGE Radio Access Network
(GSM/GERAN), a next generation eNB (ng-eNB) as a node providing Evolved Universal
Terrestrial Radio Access (E-UTRA) user plane and control plane protocol terminations towards
the UE and connected via the NG interfaces to the 5G core network (5GC), a next generation node
B (gNB) as in the 5G Access Network (5G-AN), and any other apparatus capable of controlling
radio communication with cellular positioning technology and managing radio resources within a
cell. The base station may connect to serve the one or more UEs through a radio interface to the
network. A base station, a cell, a gNB and a gNB/cell may be used interchangeably hereinafter.
[0022] A UE in RRC_CONNECTED mode may measure a downlink (DL) signal quality sent
from a base station via, for example, broadcast signal, dedicated control signal and/or data stream
signal. In some implementations, the UE may measure the DL signal periodically. The base station
may send random access resources/parameters (e.g., physical random access channel
configuration), supplementary uplink (SUL) carrier configuration and/or non-supplementary
uplink (non-SUL) carrier configuration by a broadcast message or a Radio Resource Control (RRC)
message (e.g., RRC Reconfiguration message) to UEs. In some implementations, the
configurations carried in the broadcast message may be updated by an RRC message (e.g., RRC
Reconfiguration message) sent from the base station. It is noted that the system information (e.g.,
System Information Block 1 (SIB1), other System information (SI)) may be the broadcast message.
It is noted that the UE may receive the RRC message via dedicated signaling.

[0023] In one embodiment of the present disclosure, NR gNB/cell configures, by a
configuration information, an RRC_CONNECTED UE with an SUL carrier and with a normal
uplink (non-SUL or NUL) carrier in a special cell (SpCell) or a primary cell (PCell). The SpCell
may be the primary cell of a master cell group (MCG) or the primary cell of a secondary cell group
(SCG). If the multi-connectivity is not considered, the SpCell may refer to a cell. If the SpCell
belongs to an MCG, the configuration information includes an MCG configuration Information
Element (e.g., MasterCellGroup IE, MasterCellGroupConfig IE) in a form of (or a list of) Cell
Group Configuration Information Element (e.g., CellGroupConfig IE, CellGroupConfigCommon

IE). If the SpCell belongs to an SCG, the configuration information includes an SCG configuration

5.
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Information Element (e.g., SeondaryCellGroup IE, SecondaryCellGroupToAddModList IE) in a
form of (or a list of) Cell Group Configuration Information Element (e.g., CellGroupConfig IE,
CellGroupConfigCommon IE). The Cell Group Configuration Information Element (e.g.,
CellGroupConfig IE, CellGroupConfigCommon IE) may further include SpCell configuration
(e.g., SpCellConfig IE) and/or secondary cell (SCell) configuration (e.g., SCellConfig IE). In some
implementations, the NR gNB/cell may send the MCG configuration and/or SCG configuration to
the UE via an RRC message (e.g., RRC Reconfiguration message).

[0024] In FIG. 1, an NR wireless communication system 100 includes an NR base station (e.g.,
NR gNB/cell) and a user equipment (UE) in communicatively connection with the NR base station.
The UE may or may not operate in an RRC_CONNECTED mode. For example, the UE may
operate in an RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED mode. There are at least
two uplink carriers that are configurable for the UE, in which one of the two uplink carriers is for
normal uplink (or non-supplementary uplink, non-SUL, or NUL) connection with high frequency
band and small radio coverage while the other is for supplementary uplink connection with low
frequency band and extensive radio coverage.

[0025] If being configured with both SUL carrier and NUL carrier based on the configuration
information by the NR gNB/cell, the UE may select an uplink carrier, based on a reference signal
received power (RSRP) measured by itself in downlink (DL), to perform the random access
procedure such as the random access preamble transmission. The UE may perform the random
access preamble transmission with random access resources/parameters selected according to a
received power of another DL reference signal over the selected uplink carrier. The random access
resource(s), random access parameter(s) and random access resource(s)/parameter(s) may be used
interchangeably hereinafter.

[0026] In FIG. 2, a schematic diagram is provided for an NR wireless communication system
according to one embodiment of the present disclosure. The NR wireless communication system
200 includes a UE 201 and an NR gNB/cell 203. NR gNB/cell 203 sends a configuration
information 260 to the UE 201. Configuration information 260 may be sent via an RRC message
or a system information broadcasting. The configuration information 260 may include (but not
limit to) the cell group configuration (e.g., CellGroupConfig IE, CellGroupConfigCommon IE)
for the MCG configuration and/or SCG configuration. At least one of SUL and NUL carrier

configurations is carried in configuration information 260. The SUL and NUL carrier

-6-
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configurations may further include associated random access resources/parameters. UE 201 may
measure a reference signal received power from NR gNB/cell 203. The UE may receive the
reference signal according to reference signal (RS) configuration. For example, the UE may
receive the RS periodically according to the RS configuration. The UE may receive the RS
configuration via a broadcast system information and/or an RRC message. In action 262, UE 201
may select an uplink carrier among the configured NUL and/or configured SUL carriers based on
RSRP measurement results. In action 264, UE 201 may further select random access
resources/parameters in association with the selected uplink carrier. In action 266, UE 201 may
perform a random access preamble transmission to NR gNB/cell 203 using the selected random
access resources/parameters over the selected uplink carrier. In some implementations, if the UE
isin RRC_CONNECTED mode or in RRC_INACTIVE mode, the NR gNB/cell may send an RRC
message (e.g., RRC Reconfiguration message, RRC Reconfiguration with suspend configuration)
to reconfigure the cell (e.g., SpCell, SCell).

[0027] According to one embodiment of the present disclosure, one serving cell, which may be
either a primary cell or a secondary cell, can operate on an NUL carrier or an SUL carrier. In some
implementations, the serving cell may be in the MCG or SCG. In FIG. 3A, it is shown that the
physical uplink control channel (PUCCH) is configured on the NUL carrier. In FIG. 3B, itis shown
that the PUCCH is configured on the SUL carrier. A UE may be configured with such the serving
cell on the NUL (or the SUL) carrier via the special cell configuration (e.g., SpCellConfig IE). The
serving cell may be considered in Primary Timing Advanced Group (PTAG). A Timing Advance
Group containing the SpCell of a Medium Access Control (MAC) entity is referred to as PTAG.
That is, cells with an UL configured in PTAG use the same timing reference cell and the same
Timing Advance value. The serving cell may be a primary cell or a secondary cell. In some
implementations, if the serving cell is an SCell in an MCG or in an SCG, the UE may be configured
with the SCell configuration (e.g., SCellConfig IE). The SCell configuration may contain serving
cell ~configuration (e.g., ServingCellConfig 1IE, ServingCellConfigCommon IE,
ServingCellConfigDedicated IE) for the secondary cell. The SCell configuration may be included
in the cell group configuration (e.g., CellGroupConfig IE, CellGroupConfigCommon IE).

[0028] When the time alignment timer (e.g., timeAlignmentTimer) associated with the PTAG
expires, the UE’s MAC entity will flush all Hybrid Automatic Repeat request (HARQ) buffers for
all serving cells, notify RRC to release PUCCH and sounding reference signal (SRS) for all serving
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cells, clear any configured downlink assignments and configured uplink grants, and consider all
running time alignment timers as expired. In such situation, the NR gNB/cell cannot measure the
uplink signal quality via SRS in all serving cells.

[0029] The special cell configuration is used to configure the SpCell. The special cell
configuration may include synchronization reconfiguration (e.g., ReconfigurationWithSync IE).
The synchronization reconfiguration may further include serving cell configuration (e.g.,
ServingCellConfig IE, ServingCellConfigCommon IE, ServingCellConfigDedicated IE). The
serving cell configuration may further contain IE(s) specifying uplink frequency configuration.
For example, the serving cell configuration may contain the NUL carrier frequency information
(e.g., FrequencylnfoUL IE). For example, the serving cell configuration may contain the SUL
carrier frequency information (e.g., SupplementaryUplink IE). In some implementations, the
serving cell configuration may contain the PUCCH configuration, physical uplink shared channel
(PUSCH) configuration, SRS configuration, and/or timing alignment group configuration (e.g.,
TAG identity (ID)).

[0030] The random access parameters may be contained in an IE corresponding to the
associated uplink carrier. In one embodiment, the common Random Access Channel (RACH)
configuration (e.g., RACH-ConfigCommon IE, RACH-ConfigGeneric IE) may contain the
contention-based random access parameters for the SUL carrier, where the common RACH
configuration is carried in part of supplementary uplink configuration (e.g.,
SupplementaryUplinkConfig 1E, SupplementaryUplink IE, UplinkConfigCommonSIB IE,
UplinkConfig IE). In another embodiment, common RACH configuration may contain the
contention-based random access parameters for the NUL carrier, where the common RACH
configuration is carried in part of non-supplementary uplink configuration (e.g., non-
SupplementaryUplinkConfig 1E, UplinkConfig IE, FrequencylnfoUL IE, UplinkConfig IE). In
still another embodiment, common RACH configuration may have an indicator to correspond the
contention-based random access parameters to an uplink carrier. In some implementations, the
common RACH configuration is carried in part of the serving cell configuration.

[0031] The indicator provided in the common RACH configuration is used to indicate which
type of uplink carriers the contention-based random access parameters are associated with. In some
implementations, a Boolean value may be assigned to the indicator in the common RACH

configuration to tell whether the contention-based random access parameters are for the SUL
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carrier or not. For example, if the indicator is “1”, the indicator may correspond the contention-
based random access parameters to one uplink carrier (e.g., NUL). If the indicator is “0”, the
indicator may correspond the contention-based random access parameters to another uplink carrier
(e.g., SUL). In some implementations, a choice-type indicator may be used in the common RACH
configuration to indicate if the contention-based random access parameters are associated to the
SUL, NUL or both uplink carriers. For example, choice {NUL, SUL, both, ...} may define several
uplink carriers in the choice type, to which the contention-based random access parameters
correspond. If the indicator is “NUL” from the choice type, the indicator may correspond the
contention-based random access parameters to the NUL carrier. If the indicator is “SUL”, the
indicator may correspond the contention-based random access parameters to the SUL carrier. If
the indicator is “both”, the indicator may correspond the contention-based random access
parameters to both SUL and NUL carriers. The choice indicator allows the forward compatibility
extension if one cell supports more than two uplink carriers.

[0032] The special cell configuration carried in part of the configuration information may
include the synchronization reconfiguration (e.g., ReconfigurationWithSync IE) that contains the
dedicated random access configuration (e.g., RACH-ConfigDedicated IE) carrying the contention-
free random access parameters. An indicator may be provided with the dedicated random access
configuration to explicitly associate such contention-free random access parameters with either
SUL or NUL carrier. For example, a Boolean value may be assigned in the dedicated random
access configuration using a Boolean indicator to tell whether the contention-free random access
parameters are for the SUL carrier or not. For another example, a choice indicator may be used for
the dedicated random access configuration to indicate the contention-free random access
parameters associated to the SUL, NUL or both uplink carriers. The choice indicator allows the
forward compatibility extension if one cell supports more than two uplink carriers.

[0033] The NR gNB/cell may indicate a random access preamble pool in the common RACH
configuration (e.g., RACH-ConfigCommon IE, RACH-ConfigGeneric 1E) on an uplink basis. The
NR gNB/cell may utilize a single common RACH configuration for both SUL and NUL carriers
per cell. For example, if the single common RACH configuration is configured for an SpCell, upon
receiving the single common RACH configuration, the UE may apply the configuration for both
SUL and NUL on the corresponding cell. The single common RACH configuration may further

include a list of sub-configurations for various random access parameters. This list of sub-
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configurations may not be limited to the preamble pool configuration but include other parameters
(or say, random access resources) such as the target received preamble power (e.g.,
PreambleReceivedTargetPower), random access response window (e.g., RA-ResponseWindow)
and maximum number of preamble transmission (e.g., PreambleTransMax).

[0034] A SetupRelease structure may be adopted in the serving cell configuration (e.g.,
ServingCellConfig 1E, ServingCellConfigCommon IE, ServingCellConfigDedicated IE) to
independently set up and/or release the UL carrier-specific configuration (e.g., NUL carrier
configuration and SUL carrier configuration) individually. In some implementations, the
SetupRelease structure may include a choice-type structure, e.g., a choice between releasing the
configuration and setting up the configuration. For example, if the NR gNB/cell sends a
SetupRelease structure with a release choice, the UE would release the corresponding
configuration. If the NR gNB/cell sends a SetupRelease structure with a setup choice, the UE
would set up the corresponding configuration. The configuration for NUL carrier (e.g., Non-
supplementaryUplink IE, UplinkConfig IE, UplinkConfigCommon IE) and the configuration for
SUL carrier (e.g., SupplementaryUplink IE, UplinkConfig 1E, SupplementaryUplinkConfig IE,
UplinkConfigCommon IE) may be independently specified with the SetupRelease structure. NUL
carrier and/or SUL carrier may be updated and/or released independently with the SetupRelease
structure. In some implementations, the serving cell configuration may include at least one
SetupRelease structures. In FIG. 4, the serving cell configuration (e.g., ServingCellConfig IE) may
include one SetupRelease structure for NUL carrier configuration and another SetupRelease
structure for SUL carrier configuration individually. In some implementations, the SetupRelease
structure for the SUL (or NUL) configuration may contain a threshold value associated with a
reference signal received and measured by the UE, e.g., an RSRP threshold. The value for RSRP
threshold (RSRP threshold value) may be put in an independent field in the SetupRelease structure
(e.g., an SUL configuration with a SetupRelease structure, an NUL configuration with a
SetupRelease structure) in the serving cell configuration. In some implementations, the RSRP
threshold value may be put in a field of the uplink frequency information configuration (e.g.,
FrequencylnfoUL 1IE, FrequencylnfoUL-SIB IE). The UL carrier configuration with a
SetupRelease structure may include the uplink frequency information configuration. The RSRP
threshold value may be set to positive infinity, negative infinity or zero. If the RSRP threshold

value is set to zero, the unit of the value may not be dBm but Watt (W). In some implementations,
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the UE may receive the RSRP threshold value via system information (e.g., SIBI, other SI)
broadcast by the NR gNB/cell or via RRC message (e.g., RRC Reconfiguration message)
transmitted by the NR gNB/cell.

[0035] When the UE selects the UL carrier based on the RSRP threshold, the UE may select the
SUL carrier if the RSRP threshold value is set to positive infinity; the UE may select the NUL
(non-SUL) carrier if the RSRP threshold is set to zero or negative infinity.

[0036] Instead of the SetupRelease structure, a choice structure between setup and release may
be used to indicate uplink carrier-specific configurations. In FIG. 5, an exemplary choice structure
is illustrated.

[0037] In some implementations, if the cell (e.g., SpCell, SCell) is configured with both SUL
carrier and NUL carrier, the UE may select which uplink carrier to perform Random Access
Preamble transmission based on the measured RSRP of the downlink carrier and/or based on the
types of random access resources/parameters (e.g., contention-based and/or contention-free)
configured to the SUL carrier and/or NUL carrier.

[0038] After receiving the configuration information, the UE may select an uplink carrier based
on the uplink carrier configuration. FIG. 6 schematically illustrates a decision flow chart for an
RRC_CONNECTED UE to select an uplink carrier and corresponding random access resources
according to one embodiment of the present disclosure. It is noted that the decision flow chart in
FIG. 6 may be applied to an RRC_INACTIVE UE or an RRC_IDLE UE. The decision flow chart
of FIG. 6 may be applied to, but not limited to, a situation when an uplink transmission is needed
after time alignment timer(s) expires. At action S61, the UE may determine if a downlink RSRP
is below (or equal to) the RSRP threshold value given in a corresponding configuration (e.g.,
ServingCellConfig IE). The UE may select the SUL carrier (if configured) if an RSRP measured
in downlink is below (or equal to) the RSRP threshold value given in the corresponding
configuration. The UE may select the random access resources/parameters on the selected SUL
carrier in the cell (e.g., SpCell, SCell). If both contention-based and contention-free random access
resources/parameters are configured in association with the SUL carrier, the UE may further judge
whether the uplink traffic is for specific access requests (e.g., emergency call, specific access
category or Ultra-Reliable and Low Latency Communications (URLLC) traffic) at action S62 and
action S63. If the uplink traffic is determined for a specific access request, the UE may perform

the random access preamble transmission based on the contention-free random access
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resources/parameters over the selected SUL carrier at action S64; if the uplink traffic is determined
not for a specific access request, the UE may perform the random access preamble transmission
based on the contention-based random access resources/parameters over the SUL carrier at action
S65. In some implementations, if one of the contention-based and contention-free random access
parameters is configured specifically for the SUL carrier, the UE may perform the random access
preamble transmission based on the random access resources/parameters configured specifically
for the SUL carrier without checking the uplink traffic type on the condition that the RSRP of NR
DL signal is less than (or equal to) the RSRP threshold.

[0039] At action S63, the UE may select the NUL carrier if the measured RSRP is above the
threshold value. At actions S66 and S67, the UE may select the random access
resources/parameters on the selected NUL carrier in the cell (e.g., SpCell, SCell). If both
contention-based and contention-free random access resources/parameters are configured in
association with the NUL carrier, the UE may further judge whether the uplink traffic is for specific
access requests (e.g., emergency call, specific access category or URLLC traffic) at action S66
and action S67. If the uplink traffic is determined for a specific access request, the UE may perform
the random access preamble transmission based on the contention-free random access
resources/parameters over the selected NUL carrier at action S66; if the uplink traffic is determined
not for a specific access request, the UE may perform the random access preamble transmission
based on the contention-based random access resources/parameters over the NUL carrier at action
S67. In some implementations, if one of the contention-based and contention-free random access
parameters is configured specifically for the NUL carrier, the UE may perform the random access
preamble transmission based on the random access resources/parameters configured specifically
for the NUL carrier without checking the uplink traffic type on the condition that the RSRP of NR
DL signal is above the RSRP threshold.

[0040] After receiving the configuration information, the UE may select an uplink carrier based
on the uplink carrier configuration. FIG. 7 schematically illustrates a decision flow chart for an
RRC_CONNECTED UE to select an uplink carrier and corresponding random access resources
according to another embodiment of the present disclosure. It is noted that the decision flow chart
in FIG. 7 may be applied to an RRC_INACTIVE UE or an RRC_IDLE UE. In FIG. 7, the UE may
select random access resources/parameters based on uplink traffic types and a measured RSRP.

The decision flow of FIG. 7 may be applied to, but not limited to, a situation when an uplink
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transmission is needed after time alignment timer(s) expires. At Action S71, the UE may judge
whether the uplink traffic is for specific access requests (e.g., emergency call, specific access
category or URLLC traffic). If the uplink traffic is determined for a specific access request, the
UE may further determine whether the measured DL RSRP value is below (or equal to) the RSRP
threshold value given in the corresponding configuration at action S72; if the uplink traffic is not
for a specific access request, the UE may perform the random access preamble transmission based
on contention-based random access resources/parameters over an SUL carrier in the cell (e.g.,
SpCell, SCell) at action S73. If the DLL RSRP is measured to be below (or equal to) the RSRP
threshold value after action S72, the UE may select an SUL carrier to perform the random access
preamble transmission based on the contention-free random access resources/parameters
associated with the selected SUL carrier at action S74; if the DL RSRP is measured to be above
the RSRP threshold after action S72, the UE may perform the random access preamble
transmission based on the contention-free random access resources/parameters over the NUL
carrier in the cell (e.g., SpCell, SCell) at action S75. In some implementations, if the UE are not
configured with the contention-free random access resources/parameters of the SUL carrier in the
cell (e.g., SpCell, SCell), the UE may perform the random access preamble transmission based on
contention-based random access resources/parameters over an SUL carrier in the cell if the uplink
traffic is determined for a specific access request and the measured DL RSRP value is below (or
equal to) the RSRP threshold value given in the corresponding configuration. In some
implementations, if the UE are not configured with the contention-free random access parameters
of the NUL carrier in the cell (e.g., SpCell, SCell), the UE may (1) perform the random access
preamble transmission based on the contention-based random access resources/parameters over
the NUL carrier in the cell, or (2) perform the random access preamble transmission based on the
contention-free random access resources/parameters over an SUL carrier in the cell, or (3) perform
the random access preamble transmission based on the contention-based random access
resources/parameters over an SUL carrier in the cell, when the uplink traffic is determined for a
specific access request and the measured DL. RSRP value is above an RSRP threshold. In some
implementations, the UE may select among the three approaches (1)(2)(3) following the priority
(e.g., approach (1) has the highest priority, approach (3) has the lowest priority). The priority may
be indicated by the NR gNB/cell via system information or via an RRC message (e.g., RRC

Reconfiguration message). The priority may be UE’s implementation.
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[0041] In some other embodiments, the UE may be further configured with another RSRP
threshold to determine which of contention-based random access procedure and contention-free
random access procedure should be performed. If the UE measures a DL RSRP to be higher than
the another RSRP threshold value, the UE may select contention-free random access
resources/parameters to perform contention-free random access procedure with the contention-free
random access resources having been configured in either UL carrier (e.g., SUL or NUL carriers).
If the measured DL RSRP is less than (or equal to) the another RSRP threshold value, the UE may
perform the contention-based random access procedure with the contention-based random access
resources having been configured in either UL carrier (e.g., SUL or NUL carriers). If the another
RSRP threshold value is set to positive infinity, the UE may perform the contention-based random
access procedure. If the another RSRP threshold value is set to zero, the UE may perform the
contention-free random access procedure. If the another RSRP threshold value is set to negative
infinity, the UE may perform the contention-free random access procedure. It is noted that this
threshold value for determining the type of random access procedure may or may not be identical
to the RSRP threshold value on which the selection of an uplink carrier is based.

[0042] 1t is noted that the random access resources (in the contention-based random access
procedure and/or the contention-free random access procedure) may be selected in association to
the signal quality of the SS (Synchronization Signal) blocks and/or CSI-RS (Channel State
Information Reference Signal) resources. The UE may select the contention-free random access
resources if either SS block or CSI-RS measured by itself is above a corresponding RSRP threshold
value. Whether the random access procedure is successful may depend on the signal quality of SS
blocks and/or CSI-RS.

[0043] In some embodiments, if the two RSRP thresholds both are configured to the UE, the
UE may compare the measured DL RSRP (e.g., SS blocks, CSI-RS) to these two thresholds to
select a corresponding random access procedure (e.g., contention-based random access procedure,
contention-free random access procedure) on the selected UL carrier if the random access
procedure fails.

[0044] In some embodiments of the present disclosure, the random access procedure may fail.
There are several reasons causing the random access procedure to fail. For example, the maximum
preamble (re)transmission times are achieved; the signal quality of Physical Random Access

Channel (PRACH) resources is below a threshold; the associated physical resources to the PRACH
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resources has poor signal quality; the time spent on the random access procedure exceeds a given
timer.

[0045] In some implementations, if the random access procedure fails in one UL carrier, the UE
may switch to another UL carrier to perform the random access procedure. In some
implementations, the UE may continue timer(s)/counter(s) calculated in the failed random access
procedure, e.g., the existing parameters are not reset. In some implementations, the UE may abort
the timer(s)/counter(s) calculated in the failed random access procedure, and begin a new random
access procedure. For example, if the UE is configured with both non-SUL carrier and SUL carrier
and the corresponding random access resources/parameters on each UL carrier, the UE may by
default first perform the random access procedure on the SUL carrier. If at least one random access
procedure (e.g., a random access procedure following contention-based random access
resources/parameters, a random access procedure following contention-free random access
resources/parameters) fails on the SUL carrier, the UE may switch to the non-SUL carrier to
perform the random access procedure.

[0046] In some implementations, if one UL carrier is configured with contention-based random
access resources/parameters and the other UL carrier is configured with contention-free random
access parameters, the UE may first select the UL carrier which is configured with contention-free
random access parameters. The UE may select the UL carrier based on the types of random access
resources/parameters.

[0047] In some implementations, if the contention-free random access procedure fails in either
SUL carrier or non-SUL carrier, the UE may perform the contention-based random access
procedure (if the contention-based random access parameters are configured) on the same UL
carrier.

[0048] In some implementations, if the contention-free random access procedure fails in either
SUL carrier or non-SUL carrier, the UE may perform the random access procedure on the other
UL carrier. If both contention-free and contention-based random access resources/parameters are
configured on the other UL carrier, the UE may perform the contention-free random access
procedure on the other UL carrier as the high priority. For example, the UE may perform the
contention-free random access procedure on the other UL carrier rather than the contention-based

random access procedure. For example, the UE may perform the contention-free random access
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procedure on the other UL carrier with a higher probability than the contention-based random
access procedure on the other UL carrier.

[0049] If the received signal of the random access response on one UL carrier is below a
threshold, the UE can switch to perform the random access procedure on the other UL carrier. The
NR gNB/cell may configure threshold to the UE via system information (e.g., SIB1, other SI) or
via an RRC message (e.g., RRC Reconfiguration message).

[0050] Tt is noted that the embodiments mentioned in the present disclosure may not be limited
to the RRC_CONNECTED UE. These embodiments may be applied for the RRC_INACTIVE UE
and/or RRC_IDLE UE. For example, the selection among random access resources/parameters
and UL carriers based on the type of access requests may also be applied for the RRC_IDLE UE
and/or RRC_INACTIVE UE. For example, the selection among random access
resources/parameters and UL carriers based on the measured DL. RSRP may also be applied for
the RRC_IDLE UE and/or RRC_INACTIVE UE.

[0051] 1If there is no other contention-based and/or contention-free random access parameters
on the UL carriers associated to the same DL carrier, the UE may enter to the RRC_IDLE mode
(e.g., if the security is not activated), or RRC_INACTIVE mode, or perform the RRC-
reestablishment procedure (e.g., if the security is activated).

[0052] Tt is noted that the embodiments mentioned above in the present disclosure may not be
limited to the conditions when the time alignment timer expires. For example, other triggering
cases to perform random access preamble transmission may be applied.

[0053] Itis noted that the configuring of contention-free and/or contention-based random access
resources/parameters on the SUL or NUL carrier may also be performed via the NR gNB/cell’s
broadcast messages, for example, SIB1, remaining system information (RMSI), other SI and on
demand SI.

[0054] 1t is noted that in the present disclosure, the value of RSRP threshold can be set to zero
or (positive or negative) infinity. If it is zero, the RSRP threshold value may be configured in unit
of Watt (W) or milliWatt (mW). In some implementations, the RSRP threshold(s) may be included
in the common RACH configuration (e.g., RACH-ConfigCommon IE). In some implementations,
the RSRP threshold may range from zero to a defined number (or to infinity). In some

implementations, the RSRP may range from negative infinity to positive infinity.
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[0055] In some embodiments, the NR gNB may send the configuration information to the UE
for (re)configuring the cell (e.g., SpCell, SCell) with SUL and NUL carriers simultaneously via a
single RRC message (e.g., RRC Reconfiguration message, RRCConnectionReconfiguration
message) or sequentially via separate RRC messages (e.g., RRC Reconfiguration message,
RRCConnectionReconfiguration message).

[0056] A. Simultaneous SUL and NUL Configuration

[0057] If the RRC_CONNECTED UE is configured with both SUL and NUL carriers by the
NR gNB/cell via an RRC message (e.g., RRC Reconfiguration message) simultaneously, the
supplementary uplink configuration (e.g., SupplementaryUplink IE, UplinkConfig IE,
SupplementaryUplinkConfig 1E, UplinkConfigCommonSIB IE) and non-supplementary uplink
configuration (e.g., non-SupplementaryUplinkConfig IE, FrequencylnfoUL IE, UplinkConfig IE,
UplinkConfigCommon IE) may both have valid information to configure the cell (e.g., SpCell,
SCell). In some implementations, the common RACH configuration includes random access
resources/parameters, for different uplink carriers. For example, only one uplink carrier (either
SUL or NUL carrier) is configured in association with contention-based random access parameters;
all uplink carriers are configured, respectively, in association with separate contention-based
random access parameters; only one uplink carrier (either SUL or NUL carrier) is configured in
association with contention-free random access parameters; all uplink carriers are configured,
respectively, in association with separate contention-free random access parameters.

[0058] B. Sequential SUL and NUL Configuration

[0059] If the NR gNB configures the UE with SUL and NUL carriers sequentially via separate
RRC messages (e.g., RRC Reconfiguration message) or separate system information (SI). Each
RRC message (e.g., RRC Reconfiguration message)/ SI may contain one or more uplink carrier
configuration and the associated contention-based and/or contention-free random access
resources/parameters. Note that the SI may be broadcast or transmitted via dedicated signaling.
[0060] In one embodiment, the UE may not update or remove currently existing uplink carrier
configuration and the associated random access parameters (contention-based and/or contention-
free) when receiving the configuration information that contains null uplink carrier configuration
IE (e.g., a null value assigned in the supplementary uplink configuration, a null value assigned in

the non-supplementary uplink configuration).
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[0061] In one embodiment, the UE may update or remove currently existing uplink carrier
configuration and the associated random access parameters (contention-based and/or contention-
free) when receiving the configuration information that contains null uplink carrier configuration
IE (e.g., a null value assigned in the supplementary uplink configuration, a null value assigned in
the non-supplementary uplink configuration).

[0062] 1In one embodiment, the UE may update or remove currently existing uplink carrier
configuration and the associated random access parameters (contention-based and/or contention-
free) when receiving the configuration information that contains a removal indicator carried in part
of the uplink carrier configuration (e.g., in the supplementary uplink configuration, in the non-
supplementary uplink configuration, in the contention-based random access parameters, in the
contention-free random access parameters, in the common RACH configuration, in the dedicated
random access configuration).

[0063] In one embodiment of the present disclosure, the NR gNB/cell may send the
configuration information to configure RRC_CONNECTED UE with the SUL carrier only in the
cell (e.g., SpCell, SCell).

[0064] In some implementations, the supplementary uplink configuration (e.g.,
SupplementaryUplink IE, UplinkConfig IE, SupplementaryUplinkConfig IE,
UplinkConfigCommonSIB 1E) may contain contention-based random access parameters
associated with the SUL carrier. For example, the supplementary uplink configuration may include
the common RACH configuration (e.g., RACH-ConfigCommon IE) specifically corresponding to
random access parameters over the SUL carrier. Since the cell (e.g., SpCell, SCell) may not be
configured with normal uplink (non-SUL or NUL) carrier, the serving cell configuration (e.g.,
ServingCellConfig IE, ServingCellConfigCommon IE, ServingCellConfigDedicated 1E) may not
include the NUL configuration (e.g., frequency information for the NUL carrier).

[0065] In some implementations, a Boolean value may be assigned in the supplementary uplink
configuration using a Boolean indicator (e.g., RachCommonUsage) to inform the UE of the
association between the SUL carrier and the random access parameters (e.g., contention-based
random access parameters, contention-free random access parameters, common RACH
configuration, dedicated random access configuration). In some implementations, the NR
gNB/cell may configure the NUL carrier to the UE via the serving cell configuration. The serving

cell configuration may comprise the random access parameters. In some implementations, one
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Boolean indicator may be required in the supplementary uplink configuration to associate the
random access parameters with the SUL carrier. For example, if the Boolean indicator is “1”, the
random access parameters may be associated with the SUL carrier. If the Boolean indicator is “0”,
the random access parameters may not be associated with the SUL carrier. If the Boolean indicator
is “0”, the random access parameters may be associated with the another uplink carrier (e.g., NUL
carrier). In some implementations, a Boolean value may be assigned in the non-supplementary
uplink  configuration (e.g., non-SupplementaryUplinkConfig 1E, UplinkConfig IE,
FrequencylnfoUL IE, UplinkConfig IE) using a Boolean indicator (e.g., RachCommonUsage) to
inform the UE of the association between the NUL carrier and the random access parameters (e.g.,
contention-based random access parameters, contention-free random access parameters, common
RACH configuration, dedicated random access configuration). In some implementations, the NR
gNB/cell may configure the SUL carrier to the UE via the serving cell configuration. The serving
cell configuration may comprise the random access parameters. In some implementations, one
Boolean indicator may be required in the non-supplementary uplink configuration to associate the
random access parameters with the NUL carrier. For example, if the Boolean indicator is “1”, the
random access parameters may be associated with the NUL carrier. If the Boolean indicator is “0”,
the random access parameters may not be associated with the NUL carrier. If the Boolean indicator
is “0”, the random access parameters may be associated with the another uplink carrier (e.g., SUL
carrier).

[0066] In some implementations, if the configuration for NUL carrier (e.g., FrequencylnfoUL
IE, UplinkConfig IE, UplinkConfigCommon IE) is not present and only that for the SUL carrier
(e.g., FrequencylnfoUL IE in SupplementaryUplink IE, SupplementaryUplink IE,
SupplementaryUplinkConfig IE, UplinkConfig IE, UplinkConfigCommonSIB IE) is present in the
serving cell configuration, the common RACH configuration specifically corresponding to
contention-based random access parameters may be considered to implicitly associate with the
SUL carrier. The common RACH configuration may be included in the serving cell configuration.
In some implementations, if the configuration for NUL carrier is not present and only that for the
SUL carrier is present in the serving cell configuration, the dedicated random access configuration
(e.g., RACH-ConfigDedicated IE) specifically corresponding to contention-free random access
parameters may be considered to implicitly associate with the SUL carrier. The dedicated random

access configuration may be included in the serving cell configuration. In some implementations,
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if the configuration for SUL carrier is not present and only that for the NUL carrier is present in
the serving cell configuration, the common RACH configuration specifically corresponding to
contention-based random access parameters may be considered to implicitly associate with the
NUL carrier. The common RACH configuration may be included in the serving cell configuration.
In some implementations, if the configuration for SUL carrier is not present and only that for the
NUL carrier is present in the serving cell configuration, the dedicated random access configuration
specifically corresponding to contention-free random access parameters may be considered to
implicitly associate with the NUL carrier. The dedicated random access configuration may be
included in the serving cell configuration.

[0067] In some implementations, a choice indicator may be included in the common RACH
configuration to indicate the contention-based random access parameters associated to the SUL,
NUL or both uplink carriers. In some implementations, a choice indicator may be included in the
dedicated random access configuration to indicate the contention-free random access parameters
associated to the SUL, NUL or both uplink carriers. The choice indicator allows the forward
compatibility extension if one cell supports more than two uplink carriers. In some
implementations, a Boolean indicator may be included in the common RACH configuration to
indicate whether the contention-based random access parameters are associated to a specific uplink
carrier. For example, if the Boolean indicator is “1”, the UE may apply the common RACH
configuration for the SUL carrier. If the Boolean indicator is “0”, the UE may apply the common
RACH configuration for the NUL. In some implementations, a Boolean indicator may be included
in the dedicated random access configuration to indicate whether the contention-free random
access parameters are associated to a specific uplink carrier. For example, if the Boolean indicator
is “1”, the UE may apply the dedicated random access configuration for the SUL carrier. If the
Boolean indicator is “0”, the UE may apply the dedicated random access configuration for the
NUL. It is noted that the common RACH configuration including the indicator (e.g., choice
indicator, Boolean indicator) may not be carried in the uplink carrier configuration such as the
supplementary uplink configuration for SUL carrier and/or the normal uplink configuration for
NUL carrier. It is noted that the dedicated random access configuration including the indicator
(e.g., choice indicator, Boolean indicator) may not be carried in the uplink carrier configuration
such as the supplementary uplink configuration for SUL carrier and/or the normal uplink

configuration for NUL carrier.
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[0068] In one embodiment, the NR gNB/cell may send a configuration information via an RRC
message (e.g., RRC Reconfiguration message) to configure the RRC_CONNECTED UE with
contention-free random access parameters specific to the SUL. The special cell configuration
carried in the configuration information may include the synchronization reconfiguration that
contains the dedicated random access configuration carrying the contention-free random access
parameters. An indicator may be provided with the dedicated random access configuration to
explicitly associate such contention-free random access parameters with either SUL or NUL
carrier. For example, a Boolean indicator or a choice indicator may be applied to this case.
[0069] In some implementations, the UE may by default adopt the contention-based random
access configuration on the SUL carrier. However, if the NR gNB/cell only configures the
contention-free random access configuration on the SUL carrier, the UE may perform the
contention-free random access procedure. If the NR gNB/cell configures both the contention-free
random access parameters and contention-based random access parameters on the SUL carrier, the
UE may select which random access parameters to follow based on the uplink traffic types. If the
NR gNB/cell configures both the contention-free random access parameters and contention-based
random access parameters on the SUL carrier, the UE may select which random access parameters
to follow based on the RSRP threshold. For example, the measured DL. RSRP (e.g., SS blocks,
CSI-RS) associated to the random access resources is higher than an RSRP threshold, the UE may
select the contention-free random access parameters on the SUL carrier.

[0070] In one embodiment of the present disclosure, the NR gNB/cell may send the
configuration information to configure RRC_CONNECTED UE with the non-SUL carrier only in
the cell (e.g., SpCell, SCell).

[0071] In some implementations, special cell configuration may carry the synchronization
reconfiguration which contains the non-supplementary uplink configuration. The non-
supplementary uplink configuration may have the frequency information for the non-SUL carrier.
If other information is required for the non-SUL carrier, a new configuration may be required (e.g.,
Non-supplementaryUplink IE, UplinkConfigCommon IE, UplinkConfig IE) to include the
frequency information for the non-SUL carrier and other information such as the random access
information corresponding to such non-SUL carrier.

[0072] The supplementary uplink configuration in the special cell configuration may or may

not be present. If the SpCell is configured with non-SUL carrier only, even though the
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supplementary uplink configuration is present, the value in the supplementary uplink configuration
may be null. That is, the supplementary uplink configuration (e.g., SupplementaryUplink IE,
SupplementaryUplinkConfig IE, UplinkConfig IE, UplinkConfigCommonSIB IE) is empty.
[0073] The non-SUL configuration may contain the common RACH configuration including
contention-based random access parameters specifically to the non-SUL carrier. In some
implementations, if the cell is not configured with SUL carrier, the serving cell configuration may
not include the frequency information for SUL carrier. For example, the serving cell configuration
may not include the supplementary uplink configuration.

[0074] An indicator (e.g., Boolean indicator or choice indicator) may be used in the common
RACH configuration.

[0075] In some implementations, the UE may by default adopt the contention-based random
access configuration on the non-SUL carrier. However, if the NR gNB/cell only configures the
contention-free random access configuration on the non-SUL carrier, the UE may perform the
contention-free random access procedure. If the NR gNB/cell configures both the contention-free
random access parameters and contention-based random access parameters on the non-SUL carrier,
the UE may select which random access parameters to follow based on the uplink traffic types. If
the NR gNB/cell configures both the contention-free random access parameters and contention-
based random access parameters on the non-SUL carrier, the UE can select which random access
parameters to follow based on the RSRP threshold. For example, the measured DL RSRP (e.g., SS
blocks, CSI-RS) associated to the random access resources is higher than an RSRP threshold, the
UE may select the contention-free random access parameters on the non-SUL carrier.

[0076] Figure 8 illustrates a block diagram of a device for wireless communication, according
to various exemplary embodiments of the present disclosure. As shown in FIG. §, device 800 may
include transceiver 820, processor 8§26, memory 828, one or more presentation components 8§34,
and at least one antenna 636. Device 800 may also include an RF spectrum band module, a base
station communications module, a network communications module, and a system
communications management module, input/output (I/O) ports, I/O components, and power
supply (not explicitly shown in FIG. 8). Each of these components may be in communication with
each other, directly or indirectly, over one or more buses 826.

[0077] Transceiver 820 having transmitter 822 and receiver 824 may be configured to transmit

and/or receive time and/or frequency resource partitioning information. In some embodiments,

292



WO 2019/137454 PCT/CN2019/071283

transceiver 820 may be configured to transmit in different types of subframes and slots including,
but not limited to, usable, non-usable and flexibly usable subframes and slot formats. Transceiver
820 may be configured to receive data and control channels.

[0078] Device 800 may include a variety of computer-readable media. Computer-readable
media can be any available media that can be accessed by device 800 and include both volatile and
non-volatile media, removable and non-removable media. By way of example, and not limitation,
computer-readable media may comprise computer storage media and communication media.
Computer storage media includes both volatile and non-volatile, removable and non-removable
media implemented in any method or technology for storage of information such as computer-
readable instructions, data structures, program modules or other data.

[0079] Computer storage media includes RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD) or other optical disk storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices.
Computer storage media does not comprise a propagated data signal. Communication media
typically embodies computer-readable instructions, data structures, program modules or other data
in a modulated data signal such as a carrier wave or other transport mechanism and includes any
information delivery media. The term “modulated data signal” means a signal that has one or more
of its characteristics set or changed in such a manner as to encode information in the signal. By
way of example, and not limitation, communication media includes wired media such as a wired
network or direct-wired connection, and wireless media such as acoustic, RF, infrared and other
wireless media. Combinations of any of the above should also be included within the scope of
computer-readable media.

[0080] Memory 828 may include computer-storage media in the form of volatile and/or non-
volatile memory. Memory 828 may be removable, non-removable, or a combination thereof.
Exemplary memory includes solid-state memory, hard drives, optical-disc drives, and etc. As
illustrated in FIG. §, memory 828 may store computer-readable, computer-executable instructions
832 (e.g., software codes) that are configured to, when executed, cause processor 826 to perform
various functions described herein, for example, with reference to FIGs. 1 through 7. Alternatively,
instructions 632 may not be directly executable by processor 826 but be configured to cause device

800 (e.g., when compiled and executed) to perform various functions described herein.
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[0081] Processor 826 may include an intelligent hardware device, e.g., a central processing unit
(CPU), a microcontroller, an ASIC, and etc. Processor 826 may include memory. Processor 826
may process data 830 and instructions 832 received from memory 828, and information through
transceiver 820, the base band communications module, and/or the network communications
module. Processor 826 may also process information to be sent to transceiver 820 for transmission
through antenna 836, to the network communications module for transmission to a core network.
[0082] One or more presentation components 834 presents data indications to a person or other
device. Exemplary one or more presentation components 834 include a display device, speaker,
printing component, vibrating component, and etc.

[0083] From the above description it is manifest that various techniques can be used for
implementing the concepts described in the present disclosure without departing from the scope
of those concepts. Moreover, while the concepts have been described with specific reference to
certain embodiments, a person of ordinary skill in the art would recognize that changes can be
made in form and detail without departing from the scope of those concepts. As such, the described
embodiments are to be considered in all respects as illustrative and not restrictive. It should also
be understood that the present disclosure is not limited to the particular embodiments described
above, but many rearrangements, modifications, and substitutions are possible without departing

from the scope of the present disclosure.
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CLAIMS

What is claimed is:
1. A user equipment (UE) for wireless communication, comprising:
one or more non-transitory computer-readable media having executable instructions
embodied thereon; and
at least one processor coupled to the one or more non-transitory computer-readable media
and configured to execute the executable instructions to:
receive configuration information associated with at least two uplink carriers;
select one of the at least two uplink carriers if power of a first downlink reference signal
measured by the UE is below a first threshold value;
select a contention-free random access (CFRA) resource associated with a second
downlink reference signal on the selected uplink carrier if power of the second downlink reference
signal measured by the UE is above a second threshold value; and
perform a random access procedure using the selected CFRA resource and the selected

uplink carrier.

2. The UE of claim 1, wherein the first threshold value is carried in part of the configuration
information.
3. The UE of claim 2, wherein the part of the configuration information that carries the first

threshold value is structured with a SetupRelease structure.
4. The UE of claim 1, wherein the configuration information is received via system
information broadcasting or dedicated signaling.
5. The UE of claim 4, wherein the at least one processor is further configured to execute
the executable instructions to:

remove existing uplink carrier configuration when receiving, via the system information
broadcasting, the configuration information with a null value.
6. The UE of claim 4, wherein frequency information for the selected uplink carrier is
carried in synchronization reconfiguration sent by the dedicated signaling.
1. The UE of claim 1, wherein the second downlink reference signal is synchronization
signal block (SSB) or channel state information reference signal (CSI-RS), wherein the second
threshold value is associated with signal quality of the SSB and the CFRA resource is associated

with the SSB if the second downlink reference signal is the SSB; and wherein the second threshold
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value is associated with signal quality of the CSI-RS and the CFRA resource is associated with
CSI-RS if the second downlink reference signal is the CSI-RS.
8. The UE of claim 1, wherein the at least one processor is further configured to execute
the executable instructions to:

select a contention-based random access (CBRA) resource on the selected uplink carrier if
the random access procedure using the selected CFRA resource fails.
9. The UE of claim 1, wherein the CFRA resource is configured in primary cell
configuration information element carried in a Radio Resource Control (RRC) message.
10. A method for wireless communication, comprising:

receiving, by a user equipment (UE), configuration information associated with at least two
uplink carriers;

selecting, by the UE, one of the at least two uplink carriers if power of a first downlink
reference signal measured by the UE is below a first threshold value;

selecting, by the UE, a contention-free random access (CFRA) resource associated with a
second downlink reference signal on the selected uplink carrier if power of the second downlink
reference signal measured by the UE is above a second threshold value; and

performing, by the UE, a random access procedure using the selected CFRA resource and the
selected uplink carrier.
1. The method of claim 10, wherein the first threshold value is carried in part of the
configuration information.
12. The method of claim 11, wherein the part of the configuration information that carries
the first threshold value is structured with a SetupRelease structure.
13. The method of claim 10, wherein the configuration is received via system information
broadcasting or dedicated signaling.
14. The method of claim 13, further comprising:

removing existing uplink carrier configuration when receiving, via the system information
broadcasting, the configuration information.
15. The method of claim 13, wherein frequency information for the selected uplink carrier
is carried in synchronization reconfiguration sent by the dedicated signaling.
16. The method of claim 10, wherein the second downlink reference signal is

synchronization signal block (SSB) or channel state information reference signal (CSI-RS),
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wherein the second threshold value is associated with signal quality of the SSB and the CFRA
resource is associated with the SSB if the second downlink reference signal is the SSB; and
wherein the second threshold value is associated with signal quality of the CSI-RS and the CFRA
resource is associated with CSI-RS if the second downlink reference signal is the CSI-RS.
17. The method of claim 10, further comprising:
selecting a contention-based random access (CBRA) resource on the selected uplink carrier
if the random access procedure using the selected CFRA resource fails.
18. The method of claim 10, wherein the CFRA resource is configured in primary cell
configuration information element carried in a Radio Resource Control (RRC) message.
19. A base station for wireless communication, comprising:
one or more non-transitory computer-readable media having executable instructions
embodied thereon; and
at least one processor coupled to the one or more non-transitory computer-readable media
and configured to execute the executable instructions to:
send configuration information associated with at least two uplink carriers to a user
equipment (UE); and
receive a contention-free random access (CFRA) resource on one of the at least two
uplink carriers,
wherein the one uplink carrier that the CFRA resource is transmitted on is selected by the
UE when power of a downlink reference signal measured by the UE is below a threshold value.
20. The base station of claim 19, wherein the configuration information is sent by system

information broadcasting or dedicated signaling.



PCT/CN2019/071283

WO 2019/137454

1/8

.........

s o,
o,
e,

o
e -

/.

FIG. 1



WO 2019/137454

PCT/CN2019/071283

2/8
200

NR gNB/cell
203

260

262

264

266

FIG. 2



WO 2019/137454 PCT/CN2019/071283

e
-\.\__h\_x

M

J S

e

RN ™

. o
R LSRRI

FIG. 3B




WO 2019/137454 PCT/CN2019/071283

4/8

FIG. 4



WO 2019/137454 PCT/CN2019/071283

5/8

FIG. 5



WO 2019/137454 PCT/CN2019/071283

6/8

S61:
Is the RSRP measured in downlink signal
below or equal to a given
RSRP threshold value?

Yes

S63:
Is uplink traffic determined for
pecific type (e.g., URLLC)?

S62:
Is uplink traffic determined for
pecific type (e.g., URLLC):

:NG Yes \ TNG Yes \

S67:
Perform random
access preamble

transmission using
contention-based
random access
resource over NUL
carrier in the cell

S66:
Perform random
access preamble

transmission using
contention-free
random access

resource over NUL
carrier in the cell

S65:
Perform random
access preamble

transmission using
contention-based
random access
resource over SUL
carrier in the cell

FIG. 6

S64:
Perform random
access preamble

transmission using
contention-free
random access

resource over SUL
carrier in the cell




WO 2019/137454

718

S71:
Is uplink traffic determined for specific type
(e.g., URLLC)?

Yes

No

:

S73:
Perform random access
preamble transmission
using contention-based
random access resource
over SUL carrier in the cell

S72:
s the RSRP measured in DL signal is
below or equal to a given
RSRP threshold?

PCT/CN2019/071283

/7NG

Yes j

S75:

Perform random access
preamble transmission
using contention-free
random access resource
over NUL carrier in the cell

S74.
Perform Random access
preamble transmission
using contention-free
random access resource
over SUL carrier in the cell

FIG. 7




WO 2019/137454 PCT/CN2019/071283
800
836
826 Transceiver
L 820
Memory
828 Transmitter
822
Data
830 Receiver
824
Instructions
832
Processor
826
F———————
| Data |
[ 830 I
Presentation Components fm—————— |
834 | Instructions |
[ 832 I

FIG. 8




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2019/071283

A. CLASSIFICATION OF SUBJECT MATTER
HO04W 72/04(2009.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H04W; HO4Q:; HO4L

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

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

CNPAT.CNKLWPLEPODOC,3GPP: UE, CFRA, CBRA, UL, DL, threshold, uplink, downlink, carrier, power, random, access,
above, below

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 2014165712 A1 (INTERDIGITAL PATENT HOLDINGS, INC.) 09 October 2014 1-19
(2014-10-09)
description paragraphs [0149]-[0191], claims 1-24

A CN 106717077 A (NTT DOCOMO, INC.) 24 May 2017 (2017-05-24) 1-19
the whole document

A US 2016345379 Al (TELEFONAKTIEBOLAGET L. M ERICSSON PUBL) 24 November 1-19
2016 (2016-11-24)
the whole document

A WO 2016114694 A1 (TELEFONAKTIEBOLAGET L. M ERICSSON PUBL) 21 July 2016 1-19
(2016-07-21)
the whole document

A US 2017231011 A1 (SAMSUNG ELECTRONICS CO., LTD.) 10 August 2017 1-19
(2017-08-10)
the whole document

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

*  Special categories of cited documents: «1> later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

«x> document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

«A” document defining the general state of the art which is not considered
to be of particular relevance

«“g» earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is vy
cited to establish the publication date of another citation or other Y : : : : :
ecial reason (4s S Pf. d considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

«“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

document of particular relevance; the claimed invention cannot be

Date of the actual completion of the international search Date of mailing of the international search report
28 March 2019 11 April 2019
Name and mailing address of the [SA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing WANG,Lunjie
100088
China
Facsimile No. (86-10)62019451 Telephone No. (86-10)53961776

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



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2019/071283

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
WO 2014165712 Al 09 October 2014 EP 2082180 Al 10 February 2016
us 2016066255 Al 03 March 2016
Jp 2016518772 A 23 June 2016
™ 201501551 A 01 January 2015
CN 106717077 A 24 May 2017 KR 20170065505 A 13 June 2017
Jp 2016066944 A 28 April 2016
EP 3200514 Al 02 August 2017
uUsS 2017303212 Al 19 October 2017
WO 2016047731 Al 31 March 2016
US 2016345379 Al 24 November 2016 None
WO 2016114694 Al 21 July 2016 EP 3245827 Al 22 November 2017
us 2017367012 Al 21 December 2017
us 2017231011 Al 10 August 2017 WO 2017135803 Al 10 August 2017

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




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report

