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DESCRIPTION

Description

Technical Field

[0001] The present invention relates to user equipment in a wireless communication system.

BACKGROUND ART

[0002] With Third Generation Partnership Project (3GPP), there is consideration of a wireless
communication method called 5G or NR (New Radio) for further increasing system capacity, for
further increasing data transmission speed, and for reducing latency in radio section, for
example. In the following description, the wireless communication method may be referred to
as "5G" or "NR." For 5G, various radio technologies are considered which satisfy a certain
requirement, which is throughput of 10 Gbps or more and latency in radio section of 1 ms or
less.

[0003] For NR, wireless communication using millimeter waves is under consideration. It is
envisaged that a wide frequency range up to a higher frequency band than LTE (Long Term
Evolution) is used. In particular, transmission losses are increased in a higher frequency range.
Beam forming with narrow beam width is considered in order to compensate for the
transmission losses (see Patent Document 1, for example).

[0004] In addition, for a NR system, the introduction of radio technology called LTE-NR dual
connectivity or multi RAT (Multi Radio Access Technology) dual connectivity is considered,
which is similar to the dual connectivity of an LTE system. With this radio technology, data is
divided between a base station (eNB) of an LTE system and a base station (gNB) of an NR
system, and the divided data are simultaneously transmitted/received by the base stations (see
Patent Document 2, for example).

[0005] In the 3GPP standard contribution entitled "Response LS on power sharing for LTE-NR
Dual connectivity” (R1-1719045), the authors disclose that for a UE configured with P LTE+P
NR > Pcmax (where P LTE and P_NR are maximum allowed power values for LTE and NR
respectively), when there is simultaneous NR and LTE UL transmission and if total transmit
power exceeds P_cmax, the UE is expected to scale down/drop NR transmission such that its
total transmit power does not exceed P_cmax.
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[0006] In the 3GPP standard contribution entitled "Remaining issues on RA procedure" (R2-
1800995), Huawei et al. disclose issues on RA procedure, including power ramping, , selection
of preamble, and RAR monitoring occasion in RAR window, and propose that, if a notification
from L1 to inform MAC layer of the PRACH drop or PRACH power scaling is received, the MAC
layer shall neither increment the PREAMBLE TRANSMISSION COUNTER nor the PREAMBLE
POWER RAMPING COUNTER.

RELATED-ART DOCUMENTS

Non Patent Document

[0007]
Non Patent Document 1: 3GPP TS 36.211 v14.5.0(2017-12)

Non Patent Document 2: 3GPP TS 37.340 v1.2.0 (2017-10)

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0008] In LTE-NR dual connectivity, in the case of an initial access at NR side being performed,
when the sum of LTE side transmission power and NR side transmission power exceeds a
maximum transmission power, the transmission power for random access preambles may not
be configured properly.

[0009] The present invention is made in light of such a problem and an object thereof is to
configure, when an initial access is performed at NR side, a suitable transmission power for
random access preambles in LTE-NR dual connectivity.

MEANS TO SOLVE THE PROBLEM

[0010] The present invention provides a terminal, in accordance with claim 1.

[0011] The present invention provides a communication method performed by a terminal, in
accordance with claim 2.
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EFFECT OF THE INVENTION

[0012] According to the present disclosure, in LTE-NR dual connectivity, when the initial access
is performed at NR side, a suitable transmission power can be configured for random access
preambles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a schematic drawing showing an exemplary structure of a wireless communication
system according to an embodiment;

Fig. 2 is a flow chart showing an exemplary procedure of random access according to an
embodiment;

Fig. 3 is a flow chart showing an exemplary procedure of preamble transmission according to
an embodiment;

Fig. 4 is a schematic drawing for explaining the first example of an exemplary preamble
transmission power according to an embodiment;

Fig. 5 is a schematic drawing for explaining the second example of an exemplary preamble
transmission power according to an embodiment;

Fig. 6 is a schematic drawing showing an exemplary functional structure of a base station 100
according to an embodiment;

Fig. 7 is a schematic drawing showing an exemplary functional structure of a user equipment
200 according to an embodiment;

Fig. 8 is a schematic drawing showing an exemplary hardware structure of the base station
100 or the user equipment 200 according to an embodiment.

MODES FOR CARRYING OUT THE INVENTION

[0014] In the following, embodiments of the present invention will be described with reference
to the drawings. It should be noted that the following embodiments are merely exemplary, and
the present invention may be applicable to other embodiments which are not described below.

[0015] The wireless communication system according to an embodiment of the present
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invention may use an existing technology as required. Such an existing technology may
include, but is not limited to, LTE for example. The term "LTE" as referred to herein shall have
broad meaning and may include LTE-Advanced and its revisions (NR, for example) unless
otherwise specifically defined.

[0016] In addition, in the following description of embodiments of the present invention, terms
such as SS (Synchronization Signal), PSS (Primary SS), SSS (Secondary SS), PBCH (Physical
broadcast channel), PRACH (Physical RACH), which are used for existing LTE, are referred to.
These terms are used for ease of description. Signals, functions and the like similar to these
may be called by other names.

[0017] Also, in the embodiment of the present invention, the duplex scheme may be a TDD
(Time Division Duplex) scheme, an FDD (Frequency Division Duplex) scheme, or other
scheme (for example, Flexible Duplex) may be used. Also, in the following description, the
transmission of a signal with a transmission beam may be the transmission of a signal
multiplied by a precoding vector (or a precoded signal with a precoding vector) . Similarly, the
reception of a signal with a reception beam may include multiplying the received signal with a
predetermined weight vector. In addition, the transmission of a signal with a transmission beam
may be represented as the transmission of the signal with a specific antenna port. In addition,
the reception of a signal with a reception beam may be represented as the reception of the
signal with a specific antenna port. The antenna port refers to a logical antenna port or a
physical antenna port defined in 3GPP specifications. In addition, the forming of a transmission
beam and a reception beam is not limited to the above-mentioned methods. For example, the
forming of a transmission beam and a reception beam may be performed in a base station 100
or a user equipment 200 with multiple antennas by changing angle of respective antennas, or
by the combination of precoding vectors and changed antenna angles, or by switching of
different antenna panels, or by the combination of multiple antenna panels used together, or by
any other suitable method. In addition, for example, in a high frequency range, mutually
different multiple transmission beams may be used. The use of multiple transmission beams
may be referred to as multi-beam operation; while the use of a single transmission beam may
be referred to as a single-beam operation.

[0018] Fig. 1 is a schematic drawing for explaining a communication system according to an
embodiment of the present invention. The wireless communication system according to an
embodiment of the present invention may include a base station 100 and a user equipment
200 as shown in Fig. 1. In Fig. 1, two of each of the base stations 100 and the user equipment
200 are shown, but any number of base station 100 and any number of user equipment 200
may be included in the system.

[0019] A base station 100 is a communication apparatus to provide one or more cells to
wirelessly communicate with a user equipment 200. For example, as shown in Fig. 1, the base
station 100A may provide a LTE cell and the base station 100 may provide a NR cell
(hereinafter, they are referred to as "base station 100" unless otherwise discriminated).
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[0020] The base station 100B is a communication apparatus to provide one or more NR cells
to wirelessly communicate with the user equipment 200. When the base station 100B
communicates via NR with the user equipment 200, it may use Dual Connectivity, where the
base station 100A and the base station 100B can communicate with the user equipment 200 in
parallel. The base station 100B and the user equipment 200 both may perform beamforming to
transmit/receive signals.

[0021] The user equipment 200A and the user equipment 200B (hereinafter may be referred
to as "user equipment 200" unless otherwise discriminated) may be a smart phone, a cell
phone, a wearable terminal, or a communication device with wireless communication function
such as M2M (Machine-to-Machine) communication module, for example. They may be
wirelessly connected to the base station 100A or the base station 100B to utilize various types
of communication services provided by the wireless communication system. When the user
equipment 200 performs initial access or returns to wireless communication, the user
equipment 200 transmits a preamble signal for random access to the base station 100 and
starts random access procedure. This random access is based on broadcast information via
PBCH and broadcast information via PDSCH (Physical downlink shared channel) received from
the base station 100. The user equipment 200 may start connection to the base station 100B
based on information obtained from the base station 100A. In addition, the user equipment 200
may start connection with the base station 100B based on information obtained from the base
station 100B without connection with the base station 100A.

[0022] Transmission power during LTE-NR dual connectivity may be controlled by "LTE-NR
power sharing” (hereinafter referred to as "LTE-NR power sharing”) . The maximum
transmission power for LTE, P 1g, the maximum transmission power for NR, PyRr, and the sum
of the maximum transmission powers for LTE and NR, P4, may be independently notified to

the user equipment 200, or may be predetermined.

[0023] If P 7e+PNR>Piota, the user equipment 200 supporting LTE-NR power sharing and
"Dynamic power sharing" reduces NR-side transmission power such that P Tg+Pnr does not
exceed Piotg. In addition, the mathematical relation P Tp+PNR>Pictal IS Mmerely an example. Any
mathematical relation which expresses the sum of the transmission power for LTE and the

transmission power for NR exceeding a certain upper limit including additional adjusting
parameters may be used.

[0024] On the other hand, a user equipment 200 which does not support dynamic power
sharing does not perform, at NR side, Uplink (UL) transmission in a slot where a UL
transmission is scheduled at LTE side. That is, the user equipment 200 performs, in the same
slot, UL transmission at either LTE side or NR side.

[0025] In addition, the user equipment 200 may perform power ramping for NR as well as LTE,
in which the user equipment 200 increases transmission power by a notified or predefined
value when re-transmitting preambles via PRACH. However, when the user equipment 200
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performs preamble re-transmission via PRACH using a different transmission beam from a
previous preamble transmission via PRACH, the user equipment 200 may perform preamble
re-transmission via PRACH for NR using the same transmission power as the previous
preamble transmission via PRACH without power ramping. In addition, when the user
equipment 200 performs preamble re-transmission via PRACH for NR with a different selected
SS block from a previous preamble transmission via PRACH, the user equipment 200 may
perform the preamble re-transmission via PRACH using the same transmission power as the
previous preamble transmission via PRACH without performing power ramping. It is noted that
the SS block is a signal including a synchronization signal and a part of system information and
that the SS block is used for robustness estimation for PRACH transmission power calculation
and RACH resource selection.

[0026] Herein, "performing power ramping" includes incrementing
"PREAMBLE_POWER_RAMPING_COUNTER" (hereinafter referred to as "ramping counter") in
MAC layer of the user equipment 200 by one to compute PRACH transmission power based on
the ramping counter.

[0027] The PHY layer (physical layer) of the user equipment 200 identifies whether a different
transmission beam from the previous transmission is used. Thus, if "notification of suspending
power ramping counter” is notified from PHY layer to MAC layer, the ramping counter is
suspended not to perform power ramping.

[0028] Fig. 2 is a flow chart showing an exemplary procedure of random access according to
an embodiment. Fig. 2 shows an example of random access procedure. The base station 100
may transmit PSS, SSS and PBC to the user equipment 200. PBCH may include a part of
system information. In addition, a transmission counter is set to "1" at the beginning of the
random access procedure.

[0029] In step S11, the user equipment 200 selects a resource used for random access based
on resources for performing the random access procedure received from the base station 100,
that is, a RACH resource specified in frequency domain and time domain and information
specifying preamble format, for example. Then, the user equipment 200 transmits a random
access preamble using the selected resource (S12) . The transmission power setting for the
random access preamble will be described later.

[0030] In step S13, the base station 100 transmits a random access response to the user
equipment 200. The random access response is a response to the random access preamble.
It is transmitted with respect to a RA-RNTI| (Random Access - Radio Network Temporary
Identifier) destination via PDCCH, and includes at least the identification of the random access
preamble, timing alignment, initial Uplink grant, and temporary C-RNTI (Temporary Cell - Radio
Network Temporary Identifier) . If the user equipment 200 receives the random access
response (YES in S13), the process proceeds to step S14, and if the user equipment 200 does
not receive the random access response (NO in S13), the process proceeds to step S16.
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[0031] In step S14, the user equipment 200 performs uplink transmission based on uplink
grant included in the random access response. In uplink transmission, at least RRC (Radio
Resource Control) connection request and NAS (Non-Access Stratum) UE (User Equipment)
identifier are transmitted. Then, control information for establishing RRC connection and a
predetermined MAC (Medium Access Control) control element are transmitted from the base
station 100 to the user equipment 200 with respect to a temporary C-RNTI destination via
PDCCH. The MAC control element may be used for contention resolution. In addition, the
contention resolution (step S14) may be performed in collision type random access procedure,
and may not be performed in non-collision type random access procedure. If the MAC control
element matches some or all of data transmitted (YES in step S14), the user equipment 200
proceeds to step S15, and proceeds to step S16 otherwise (NO in step S14).

[0032] In step S15, the user equipment 200 determines that the random access succeeded
and sets the temporary C-RNTI, if used, as C-RNTI. Then, the user equipment 200 ends the
random access procedure.

[0033] In step S16, the user equipment 200 determines whether the transmission counter
exceeds upper limit notified or predefined. The process proceeds to step S17 if the
transmission counter exceeds the upper limit (YES in S16), and to step S18 otherwise (NO in
S16).

[0034] In step S17, the user equipment 200 determines that random access failed, and
terminates the random access procedure. On the other hand, in step S18, the user equipment
200 increments the transmission counter by one, returns to step S11 in order to re-transmit a
random access preamble, and selects a random access resource again.

[0035] Fig. 3 is a flow chart showing an exemplary procedure of preamble transmission
according to an embodiment. Referring to Fig. 3, the random access preamble transmission in
step S12 in Fig. 2 is described in detail. In addition, a ramping counter is set to "1" at the
beginning of the random access procedure.

[0036] In step S121, the user equipment 200 determines whether the transmission counter
count is two or more. That is, a determination is made whether the transmission of a random
access preamble is the second one or later. If the transmission counter indicates two or more
(YES in S121), the process proceeds to step S122. If the transmission counter indicates one or
less (NO in S121), the process proceeds to step S125.

[0037] In step S122, the user equipment 200 determines whether "notification of suspending
power ramping counter" has not been issued from PHY layer to MAC layer. If not issued (YES
in S122), the process proceeds to step S123. The process proceeds to step S125 if the
notification has been issued (NO in $122).

[0038] In step S123, the user equipment 200 determines whether the SS block has been
changed since the last preamble transmission. If not changed (YES in S123), the process
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proceeds to step S124. The process proceeds to step S125 if changed (NO in $123) .
[0039] In step S124, the user equipment 200 increments the ramping counter by one.

[0040] In step S125, the user equipment 200 computes transmission power for transmitting the
random access preamble based on the ramping counter and a ramping step value. For
example, the transmission power for random access preamble transmission may be computed
based on a value of (ramping counter count - 1)*(ramping step value). That is, the increase of
transmission power by ramping is not performed at the first random access preamble
transmission, and then, at the second time or later, the transmission power is increased by the
ramping step value. Then, the user equipment 200 transmits a random access preamble using
the computed transmission power (S126) .

[0041] In the case that the transmission power at NR side is limited and reduced according to
LTE-NR power sharing in LTE-NR dual connectivity, if the random access preamble
transmission results in failure in the case where the random access preamble is tried to
transmit via NR-PRACH, based on the reduced transmission power, the ramping counter is
incremented by one at re-transmission. In addition, if UL transmission is not performed at LTE
side or performed at a low transmission power during the random access preamble re-
transmission via NR-PRACH, the transmission power at NR side may not be limited or be
reduced by a small amount.

[0042] Thus, when the user equipment 200 re-transmits the random access preamble via NR-
PRACH, the transmission power may be the transmission power which has not been reduced
plus the ramping step, leading to unnecessarily increased transmission power, which may
result in increased interference to environment.

[0043] Alternatively, in a user equipment 200 which does not support dynamic power sharing,
in a case of PRACH transmission not being performed at NR side in a slot where UL
transmission is scheduled at LTE side, the MAC layer may recognize that PRACH transmission
is performed, and the ramping step may be added to the transmission power at the re-
transmission of random access preamble via NR-PRACH.

[0044] In addition, the NR-PRACH transmission increments the transmission counter by one.
The user equipment 200 determines the maximum number of re-transmissions of a random
access preamble based on the transmission counter. Thus, the maximum number of re-
transmissions may be reached by the transmission of random access preambles via NR-
PRACH based on the reduced transmission power according to LTE-NR power sharing. If the
user equipment 200 determines that the random access procedure failed due to the maximum
re-transmission number having been reached, it takes time for the next random access
procedure to start, which may result in an increased latency.

[0045] A novel procedure of controlling power for transmission of random access preamble via
NR-PRACH, to be used in step S125 in Fig. 3, is described with reference to Figs. 4 and 5.
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[0046] Fig. 4 is a drawing for explaining a first example of an exemplary preamble
transmission power according to an embodiment. The user equipment 200 does not perform
power ramping at the re-transmission of a random access preamble via NR-PRACH if the user
equipment 200 has transmitted a random access preamble with reduced transmission power
at NR side according to LTE-NR power sharing of LTE-NR dual connectivity. In addition, the
user equipment 200 does not perform power ramping at the re-transmission of a random
access preamble via NR-PRACH if the user equipment, which does not support dynamic power
sharing, does not perform PRACH transmission at NR side in a slot where UL transmission is
scheduled at LTE side.

[0047] As shown in Fig. 4, at the nth preamble transmission, transmission power actually used
has been reduced from the computed transmission power for the nth preamble transmission
according to the LTE-NR power sharing. If the nth preamble transmission fails, a preamble
may be transmitted as the (n+1) th preamble transmission using transmission power computed
for the nth preamble transmission without power ramping.

[0048] If the user equipment 200 has transmitted a preamble in a state in which transmission
power at NR side is limited according to LTE-NR power sharing, power ramping may not be
performed in accordance with issuing of "notification of suspending power ramping counter"
from PHY layer to MAC layer as described with reference to step S122 of Fig. 3.

[0049] In addition, if preamble transmission has been performed with transmission power at
NR side limited according to LTE-NR power sharing, power ramping may be skipped by
notifying information indicating whether transmission power is limited or not to MAC layer. For
example, the information indicating whether transmission power is limited or not may be
notified from PHY layer to MAC layer.

[0050] Furthermore, if a preamble has been transmitted with transmission power at the NR
side limited according to LTE-NR power sharing, the user equipment 200 may not increment
the transmission counter by one. The operation not to increment the transmission counter by
one may be notified from PHY layer to MAC layer along with "notification of suspending power
ramping counter,” or "notification of suspension" may be transmitted from PHY layer to MAC
layer, separately from transmission counter.

[0051] Fig. 5 is a drawing for explaining a second example of an exemplary preamble
transmission power according to an embodiment. The user equipment 200 may change
ramping step value at the re-transmission via NR-PRACH if the user equipment 200 has
transmitted a random access preamble with reduced transmission power according to LTE-NR
power sharing of LTE-NR dual connectivity, or if a user equipment not supporting dynamic
power sharing does not perform PRACH transmission at NR side in a slot where UL
transmission is not scheduled at LTE side.

[0052] As shown in Fig. 5, at the nth preamble transmission, transmission power actually used
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has been reduced from the computed transmission power for the nth preamble transmission
according to the LTE-NR power sharing. If the nth preamble transmission is unsuccessful, the
user equipment 200 may transmit a preamble with transmission power adjusted with a power
ramping step value adjusted differently from a usual power ramping step value at the (n+1)th
preamble transmission.

[0053] For example, the adjusted power ramping step value may be notified to the user
equipment 200 separately from the usual power ramping step value or may be predefined. The
notified or predefined adjusted power ramping step value may be a relative value with respect
to the usual power ramping step value. In addition, the adjusted power ramping step value may
be notified or predefined based on limited or reduced transmission power at NR side. For
example, if transmission power at NR side is reduced by X dB, the value of X may determine
the adjusted power ramping step value. For example, the more X is, the less the power
ramping step value is; and the less X is, the more the power ramping step value is. In addition,
for example, if transmission power at NR side is reduced such that PRACH is transmitted by Y
dBm, the value of Y may determine the adjusted power ramping step value. For example, the
less Y is, the less the power ramping step value is; and the more Y is, the more the power
ramping step value is.

[0054] If the user equipment 200 transmits a random access preamble via NR-PRACH with
reduced transmission power at NR side according to LTE-NR power sharing in LTE-NR dual
connectivity, and if transmission power value actually used for the transmission has been
reduced and is less than a predetermined threshold, the user equipment 200 may not perform
power ramping upon the random access preamble re-transmission via NR-PRACH or may
change a ramping step value for the power ramping. In addition, the threshold applied to the
actual transmission power may be specified as the absolute value of power, and may be
further adjusted based on a path loss estimation at the user equipment 200. For example, the
greater the path loss estimation is, the higher the threshold is, and the smaller the path loss
estimation is, the lower the threshold is.

[0055] In addition, if the user equipment 200 transmits random access preamble via NR-
PRACH with reduced transmission power at NR side according to LTE-NR power sharing in
LTE-NR dual connectivity, and if the reduced transmission power value is more than a
predetermined threshold, the user equipment 200 may not perform power ramping upon the
random access preamble re-transmission via NR-PRACH or may change a ramping step value
for the power ramping. In addition, the threshold compared to the reduced transmission power
may be specified as a relative value of power, and may be further adjusted based on a path
loss estimation at the user equipment 200. For example, the greater the path loss estimation
is, the higher the threshold is, and the smaller the path loss estimation is, the lower the
threshold is.

[0056] If the transmission power at NR side is reduced according to LTE-NR power sharing of
LTE-NR dual connectivity, the PHY layer of the user equipment 200 may refrain from
transmitting the random access preamble via NR-PRACH. The PHY layer may notify the MAC
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layer that the random access preamble is not transmitted via NR-PRACH.

[0057] Furthermore, in the case that the transmission power is reduced at NR side according
to LTE-NR power sharing of LTE-NR dual connectivity, if the reduced transmission power that
is applied to an actual transmission is less than a threshold value, or if the transmission power
is reduced by an amount greater than a predetermined threshold value, the PHY layer of the
user equipment 200 refrains from transmitting the random access preamble via NR-PRACH.

[0058] In addition, in LTE-NR dual connectivity, if P tg+PNR>Piotqr holds, assuming Pi1g
representing the maximum LTE transmission power, Pyr representing the maximum NR
transmission power, Piq4 representing the maximum total transmission power of LTE and NR,

the user equipment 200 may prioritize allocation of transmission power for NR upon
transmission via NR-PRACH. That is, the user equipment 200 may have transmission power at
LTE side reduced upon transmission via NR-PRACH. If PRACH is transmitted at LTE side and
NR side, the user equipment 200 may reduce transmission power of PRACH at NR side.

[0059] As discussed above, if the user equipment 200 is not notified whether transmission
power at NR side is reduced or not according to LTE-NR power sharing, the user equipment
200 can control transmission power of the random access preamble transmitted at an initial
access in a suitable manner. In addition, in the case that NR side transmission power is
restricted according to LTE-NR power sharing, the user equipment 200 may control the
transmission power of the random access preamble at the initial access in a suitable manner
by refraining from power ramping. In addition, in the case that NR side transmission power is
restricted according to LTE-NR power sharing, the user equipment 200 may control the
transmission power of the random access preamble at the initial access in a suitable manner
by adjusting the ramping step value based on an amount that restricts the transmission power
at NR side.

[0060] That is, in LTE-NR dual connectivity, when the initial access is performed at NR side, a
suitable transmission power can be configured for random access preambles.

<DEVICE CONFIGURATION>

[0061] The configuration of the base station 100 and the user equipment 200 which perform
the aforementioned processing and operation is described below. The base station 100 and
the user equipment 200 may have functions to perform the exemplary embodiments described
above. However, the base station 100 and the user equipment 200 may have functions to
perform some, not all, of the exemplary embodiments.

<Base station 100>
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[0062] Fig. 6 shows an exemplary functional structure of the base station 100. As shown in
Fig. 6, the base station 100 includes transmission unit 110, reception unit 120, configuration
information management unit 130, and initial access configuration unit 140. The functional
structure shown in Fig. 6 is merely exemplary. As long as the functional sections and functional
units can implement the operation according to the present embodiments the names of the
functional sections and functional units do not matter.

[0063] The transmission unit 110 may include functions to generate and wirelessly transmit a
signal to be transmitted to the user equipment 200. The reception unit 120 may include
functions to receive various signals from the user station 200, and to extract upper layer
information from the received signal, for example. In addition, the transmission unit 110 may
have functions to transmit signals such as NR-PSS, NR-SSS, NR-PBCH, and DL/UL control
signal. In addition, the transmission unit 110 may transmit broadcast information including
information used for initial access or UL scheduling; the reception unit 120 may receive RACH
preamble from the user station 200.

[0064] The configuration information management unit 130 may store preset configuration
information and other various configuration information to be transmitted to the user equipment
200. The configuration information may include, for example, information related to
transmission/reception parameters of initial access.

[0065] The initial access configuration unit 140 may notify the user equipment 200 of
information used for the initial access, and perform processing at reception of random access
preamble transmitted from the user equipment 200 and transmission of the random access
response, for example.

<User equipment 200>

[0066] Fig. 7 shows an exemplary functional structure of the user device 200. As shown in Fig.
7, the user equipment 200 includes transmission unit 210, reception unit 220, configuration
information management unit 230, and initial access control unit 240. The functional structure
shown in Fig. 7 is merely exemplary. As long as the functional sections and functional units can
implement the operation according to the present embodiments their names are do not matter.

[0067] The transmission unit 210 generates a transmission signal from the transmission data
and transmits the transmission signal wirelessly. The reception unit 220 receives various
signals wirelessly, and extract upper layer signals from the received PHY layer signals. In
addition, the reception unit 220 may have functions to receive signals such as NR-PSS, NR-
SSS, NR-PBCH, and DL/UL control signal. In addition, the transmission unit 210 has function to
transmit NR-PRACH and NR-PUSCH, for example.

[0068] The configuration information management unit 230 stores various configuration
information received from the base station 100 or the user equipment 200. In addition, the
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configuration information management unit 230 further stores preset configuration information.
The configuration information may include, for example, information related to
transmission/reception parameters of initial access.

[0069] The initial access control unit 240 generates preamble and message related to an initial
access to be transmitted from the user equipment 200 to the base station 100 as described
with reference to the embodiment. In addition, the initial access control unit 240 controls
transmission power for the preamble associated with the initial access. Functions related to
signal transmission of the initial access control unit 240 may be included in the transmission
unit 210, and functions related to signal reception of the inial access control unit 240 may be
included in the reception unit 220.

<HARDWARE CONFIGURATION>

[0070] The functional structure (shown in Figs. 6 and 7) used for explaining the embodiments
of the present invention shows individual functional blocks. These functional blocks
(configuration units) may be implemented by an arbitrary combination of hardware and/or
software. In addition, means for implementing each functional block are not limited. That is,
each functional block may be implemented by a single device in which multiple elements are
physically and/or logically combined or by two or more devices physically and/or logically
separated but directly and/or indirectly connected (wired and/or wireless, for example).

[0071] In addition, for example, the base station 100 and user equipment 200 both may
function as a computer which performs processing according to the embodiment of the present
invention. Fig. 8 is a schematic drawing showing an exemplary hardware structure of a
wireless communication device which may be the base station 100 or the user equipment 200
according to an embodiment of the present invention. The aforementioned base station 100
and the user equipment 200 each may physically implemented as a computer device including
a processor 1001, a storage device 1002, a secondary storage device 1003, a communication
device 1004, an input device 1005, an output device 1006, and a bus 1007, for example.

[0072] In the following description, the term "device” may be replaced with circuit, apparatus,
or unit, for example. The hardware configuration of the base station 100 and user equipment
200 may be configured to include one or more of the units designated by 1001-1006, and may
be configured without some of the units.

[0073] Each function of the base station 100 and user equipment 200 may be implemented by
the processor 1001 performing operations and controlling the communication of the
communication device 1004 and data read/write of the storage device 1002 and the secondary
storage device 1003 using predetermined software (program) loaded into hardware such as
the processor 1001 and storage device 1002.

[0074] The processor 1001 may, for example, control the entire computer by running an
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operating system. The processor 1001 may be configured by a central processing unit (CPU)
including an interface with peripherals, a control unit, a calculation unit, a register, and the like.

[0075] The processor 1001 reads a program (program codes), a software module, or data
from the secondary storage device 1003 and/or the communication unit 1004 to the storage
device 1002 and performs various processes in accordance therewith. As the program, a
program causing a computer to perform at least a part of the operations described above in
the embodiment is used. For example, the transmission unit 110, reception unit 120,
configuration information management unit 130, and initial access configuration unit 140 of the
base station 100 shown in Fig. 6 may be embodied by control programs which are stored in
the storage device 1002 and run on the processor 1001. For example, the transmission unit
210, reception unit 220, configuration information management unit 230, and initial access
control unit 240 of the user equipment 200 shown in Fig. 7 may be embodied by control
programs which are stored in the storage device 1002 and run on the processor 1001. It is
described that the aforementioned various processing is performed by a single processor
1001, the processing may be performed by two or more processors 1001 simultaneously or
serially. The processor 1001 may be implemented by one or more chips. The program may be
transmitted from the network via a telecommunication circuit.

[0076] The storage device 1002 is a computer-readable recording medium and may be
constituted, for example, by at least one of a read only memory (ROM), an erasable
programmable ROM (EPROM), an electrically erasable programmable ROM (EEPROM), and a
random access memory (RAM). The storage device 1002 may be referred to as a register, a
cache, or a main memory (a main storage unit). The storage device 1002 can store a program
(program codes), a software module, data, or the like which can be used to perform the
processes according to the embodiment of the invention.

[0077] The secondary storage device 1003 is a computer-readable recording medium and
may be constituted, for example, by at least one of an optical disc such as a compact disc
ROM (CD-ROM), a hard disk drive, a flexible disk, a magneto-optical disk (such as a compact
disk, a digital versatile disk, or a Blu-ray (registered trademark) disk), a smart card, a flash
memory (such as a card, a stick, or a key drive), a floppy (registered trademark) disk, and a
magnetic strip. The secondary storage device 1003 may be referred to as an auxiliary storage
device. Examples of the recording medium may include a database including the storage
device 1002 and/or the secondary storage device 1003, a server, and another appropriate
medium.

[0078] The communication unit 1004 is hardware (a transceiver device) that allows
communication between computers via a wired and/or wireless network and is referred to as,
for example, a network device, a network controller, a network card, or a communication
module. For example, the transmission unit 110 and reception unit 120 of the base station 100
may be embodied as the communication device 1004. In addition, the transmission unit 210
and reception unit 220 of the base station 200 may be embodied as the communication device
1004.
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[0079] The input unit 1005 is an input device (such as a keyboard, a mouse, a microphone, a
switch, a button, or a sensor) that receives an input from the outside. The output unit 1006 is
an output device (such as a display, a speaker, or an LED lamp) that performs outputting to the
outside. The input unit 1005 and the output unit 1006 may be configured as a unified body
(such as a touch panel).

[0080] The units such as the processor 1001 and the storage device 1002 are connected to
each other via the bus 1007 for transmitting and receiving information. The bus 1007 may be
constituted by a single bus or may be configured by different buses for the units.

[0081] The base station 100 and the user equipment 200 may be configured to include
hardware such as a microprocessor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a programmable logic device (PLD), or a field programmable gate
array (FPGA) or a part or all of the functional blocks may be embodied by the hardware. For
example, the processor 1001 may be implemented as at least one hardware module.

<SUMMARY OF EMBODIMENTS>

[0082] As described above, according to the embodiment of the present invention, a user
equipment is provided according to claim 1.

[0083] According to the arrangement discussed above, if the transmission power at NR side is
restricted according to LTE-NR power sharing, the user equipment 200 can control
transmission power of the random access preamble transmitted at an initial access in a
suitable manner. That is, in LTE-NR dual connectivity, when the initial access is performed at
NR side, a suitable transmission power can be configured for random access preambles.

[0084] If the sum exceeds the predetermined maximum power, the control unit may not
increase transmission power for the re-transmitted random access preamble. According to the
above arrangement, in the case that NR side transmission power is restricted according to
LTE-NR power sharing, the user equipment 200 may control the transmission power of the
random access preamble at the initial access not to unnecessarily increase transmission power
by refraining from power ramping.

[0085] If the sum exceeds the predetermined maximum power, and the control unit does not
increase transmission power for the re-transmitted random access preamble, a transmission
counter for the random access preamble may not increase a count number. According to the
arrangement discussed above, if the transmission power at NR side is restricted according to
LTE-NR power sharing, the user equipment 200 can control the number of transmissions of the
random access preamble transmitted at an initial access in a suitable manner to reduce the
latency related to the initial access.
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[0086] If the sum exceeds the predetermined maximum power, the control unit may determine
transmission power for the re-transmitted random access preamble using a power ramping
step value different from a normal power ramping step value. According to the above
arrangement, in the case that NR side transmission power is restricted according to LTE-NR
power sharing, the user equipment 200 may control the transmission power of the random
access preamble at the initial access in a suitable manner by adjusting the power ramping step
value.

[0087] The different power ramping step value may be determined based on the reduced
uplink transmission power via the second RAT or its reduction range. According to the above
arrangement, in the case that NR side transmission power is restricted according to LTE-NR
power sharing, the user equipment 200 may control the transmission power of the random
access preamble at the initial access in a suitable manner by adjusting the ramping step value
based on an amount that restricts the transmission power at NR side.

[0088] If the reduction range of the reduced uplink transmission power via the second RAT is
higher than a predetermined threshold, or if the reduced uplink transmission power via the
second RAT is lower than a predetermined threshold, the control unit may change the
transmission power for the re-transmitted random access preamble from a normal
transmission power. According to the above arrangement, the user equipment 200 can control
the transmission power of the random access preamble to be transmitted upon the initial
access in a suitable manner by adjusting the transmission power based on the reduced
transmission power at NR side.

<SUPPLEMENTAL REMARKS ON EMBODIMENTS>

[0089] While embodiments of the invention have been described above, the disclosed
inventions are not limited to the embodiments, but it could be understood by those skilled in the
art that various modifications, corrections, alternatives, replacements, and the like can be
made thereto. While specific numerical examples have been used to facilitate understanding of
the invention, the numerical values are only an example and any suitable values may be used,
unless otherwise specified. The sorting of articles in the above description is not essential to
the invention, but details described in two or more articles may be combined for use if
necessary, or details of a certain article may be applied to details described in another article
(unless incompatible). The boundaries of the functional units or the processing units in the
functional block diagrams cannot be said to correspond to boundaries of physical components.
The operations of multiple functional units may be performed by a single physical component
or the operation of a single functional unit may be performed by multiple physical components.
The order of processing discussed in the embodiment may be changed as long as no
contradiction occurs. For convenience of explanation, the base station 100 and the user
equipment 200 were described using functional block diagrams, but such apparatuses may be
implemented by hardware, software, or a combination thereof. Software run on the processor
of the base station 100 according to the embodiment of the present invention, and software
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operating by the processor of the user equipment 200 according to the embodiment of the
present invention may be stored in any suitable storage medium such as random access
memory (RAM), flash memory, read only memory (ROM), EPROM, EEPROM, register, hard
disk (HDD), removable disk, CD-ROM, database, server and the like.

[0090] Notification of information is not limited to the aspects/embodiments described in this
specification, but may be performed using other methods. For example, the notification of
information may be performed physical layer signaling (such as downlink control information
(DCI) or uplink control information (UCI)), upper layer signaling (such as radio resource control
(RRC) signal, medium access control (MAC) signaling, or broadcast information (master
information block (MIB) and system information block (SIB))), other signals, or combinations
thereof. The RRC signaling may be referred to as an RRC message and may be, for example,
an RRC connection setup message or an RRC connection reconfiguration message.

[0091] The processing sequences, the sequences, and the like of the embodiment/examples
described above in this specification may be changed in the order as long as they are not
incompatible with each other. For example, in the method described in this specification,
various steps as elements are described in an exemplary order and the method is not limited
to the described order.

[0092] Specific operations which are performed by the base station 10 in this specification may
be performed by an upper node thereof in some cases. In a network including one or more
network nodes including a base station 100, various operations which are performed to
communicate with a user equipment 200 can be apparently performed by the base station 100
and/or network nodes (for example, an MME or an S-GW can be envisaged but the network
nodes are not limited thereto) other than the base station 100. A case in which the number of
network nodes other than the base station 100 is one has been described above, but a
combination of plural different network nodes (for example, an MME and an S-GW) may be
used.

[0093] The aspects described in this specification may be used alone, may be used in
combination, or may be switched with implementation thereof.

[0094] The user equipment 200 may also be referred to as a subscriber station, a mobile unit,
a subscriber unit, a wireless unit, a remote unit, a mobile device, a wireless device, a wireless
communication device, a remote device, a mobile subscriber station, an access terminal, a
mobile terminal, a wireless terminal, a remote terminal, a handset, a user agent, a mobile
client, a client, or several appropriate terms by those skilled in the art.

[0095] The base station 100 may be referred to as an NodeB (NB), an evolved NodeB (eNB),
gNB, a base station, or some other appropriate terms by those skilled in the art.

[0096] The terms "determining (determining) " and "deciding (determining)" used in this
specification may include various types of operations. For example, "determining” and
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"deciding” may include deeming that to perform judging, calculating, computing, processing,
deriving, investigating, looking up (e.g., search in a table, a database, or another data
structure), or ascertaining is to perform "determining” or "deciding". Furthermore, "determining"
and "deciding” may include deeming that to perform receiving (e.g., reception of information),
transmitting (e.g., transmission of information), input, output, or accessing (e.g., accessing
data in memory) is to perform "determining” or "deciding”". Furthermore, "determining" and
"deciding” may include deeming that to perform resolving, selecting, choosing, establishing, or
comparing is to perform "determining” or "deciding”. Namely, "determining” and "deciding" may
include deeming that some operation is to perform "determining" or "deciding".

[0097] An expression "on the basis of ~" which is used in this specification does not refer to
only "on the basis of only ~," unless apparently described. In other words, the expression "on
the basis of ~" refers to both "on the basis of only ~" and "on the basis of at least ."

[0098] So long as terms "include” and "including”" and modifications thereof are used in this
specification or the appended claims, the terms are intended to have a comprehensive
meaning similar to a term "comprising. " A term "or" which is used in this specification or the
claims is intended not to mean an exclusive or.

[0099] In the entire disclosure, for example, when an article such as a, an, or the is added in
translation into English, such an article refers to including the plural unless otherwise
recognized from the context.

[0100] In the embodiment of the present invention, the initial access control unit 240 is merely
an example of the control unit. The initial access configuration unit 140 is merely an example of
the configuration unit.

[0101] The present invention has been described in detail. It would be obvious for those skilled
in the art that the present invention is not limited to the embodiments described herein. The
present invention may be implemented as modification or variation within the scope of the
appended claims. Therefore, the description of the present specification is for illustrative
purposes and has no restrictive meaning to the present invention.

EXPLANATIONS OF LETTERS OR NUMERALS

[0102]
100
Base station
110
Transmission unit
120

Reception unit



130

140

200

210

220

230

240

1001

1002

1003

1004

1005

1006

Configuration information management unit

Initial access configuration unit

User equipment

Transmission unit

Reception unit

Configuration information management unit

Initial access control unit

Processor

Storage device

Secondary storage device

Communication device

Input device

Output device
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Patentkrav

1. Terminal (200) konfigureret til at kommunikere med en flerhed af
basisstationer (100A, 100B) i en dobbelt konnektivitet under anvendelse af en
farste Radio Access Technology, RAT, og en anden RAT, hvilken terminal (200)
omfatter:
en styreenhed (240) konfigureret til, baseret pa en sum af en uplink-
transmissionseffekt via den fgrste RAT og en uplink-transmissionseffekt via
den anden RAT, og en effektrampetaller, at styre transmissionseffekt af en
random access-praamble via den anden RAT; og
en transmissionsenhed (210) konfigureret til at transmittere random
access-praeamblen via den anden RAT baseret pa transmissionseffekten af
random access-praamblen,
hvor, i et tilfaelde, hvor summen af uplink-transmissionseffekten via den
farste RAT og uplink-transmissionseffekten via den anden RAT overstiger
en total maksimal transmissionseffekt i den dobbelte konnektivitet, er
styreenheden (240) konfigureret til at reducere transmissionseffekten af
random access-praamblen og til at suspendere effektrampetaelleren;
hvor, ndr transmissionseffekten af random access-preeamblen reduceres
med en maengde, der er stgrre end en teerskelveerdi, styreenheden (240)
er konfigureret til ikke at transmittere random access-praeamblen; og
hvor den fgrste RAT er Long Term Evolution, LTE, og den anden RAT er
New Radio, NR.

2. Kommunikationsfremgangsmade udfgrt af en terminal (200), der
kommunikerer med en flerhed af basisstationer (100A, 100B) i en dobbelt
konnektivitet under anvendelse af en fgrste Radio Access Technology, RAT, og en
anden RAT, hvilken kommunikationsfremgangsmade omfatter:
at styre, baseret pa en sum af en uplink-transmissionseffekt via den forste
RAT og en uplink-transmissionseffekt via den anden RAT, og en
effektrampetaeller, transmissionseffekten af en random access-praeamble
via den anden RAT; og
at transmittere random access-preeamblen via den anden RAT baseret pa

transmissionseffekten af random access-praeamblen,
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hvor, i et tilfaelde, hvor summen af uplink-transmissionseffekten via den
farste RAT og uplink-transmissionseffekten via den anden RAT overstiger
en total maksimal transmissionseffekt i den dobbelte konnektivitet,
terminalen (200) reducerer transmissionseffekten af random access-
praeamblen og suspenderer effektrampetzelleren;

hvor, ndr transmissionseffekten af random access-preeamblen reduceres
med en maengde stgrre end en teerskelvaerdi, transmitterer terminalen ikke
random access-praamblen; og

hvor den fgrste RAT er Long Term Evolution, LTE, og den anden RAT er
New Radio, NR.
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