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DESCRIPTION
Title of Invention
RECEPTION DEVICE, TRANSMISSION DEVICE, RECEPTION METHOD, AND

TRANSMISSION METHOD

Technical Field
[0001] The present disclosure relates to a rege@pparatus, a transmission apparatus, a

reception method, and a transmission method.

Background Art

[0002] In the standardization of 5G, New Radioemsctechnology (NR) was discussed in
3GPP and the Release 15 (Rel. 15) specificatioNRrvas published.

[0003] For 5G NR, in Rel. 15, a timing at which action in accordance with a control
command transmitted in a MAC Control Element (MAE)ds started (this action is
hereinafter referred to as “MAC CE action”) (thiming is hereinafter referred to as “MAC
CE action start timing”) is specified in the startla The MAC CE is information/a signal
that is processed (transmitted) in the Medium Asc@antrol layer.

[0004] Further, in NR, extension to Non-Terrestridetworks (NTNs) such as
communications using a satellite and/or a highiwalg pseudolite (High-altitude platform
station (HAPS)) is considered (e.g., see Non-Pdtgatature (hereinafter referred to as
“NPL") 1).

[0005] A communication distance between a bageostand a terminal is longer in the
NTN system than in a terrestrial cellular systemg as thus suffered from a larger

propagation delay.
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Non-Patent Literature

[0006]

NPL 1

3GPP, TR38.821 V16.0.0 “Solutions for NR to suppuoh-terrestrial networks (NTN)

(Release 16)”

Summary of Invention

Technical Problem

[0007] The MAC CE action start timing in the NTNdhnot yet been specified in the
standard. Note that, since the NTN is sufferednfia large propagation delay, it is not
always optimal to configure the same MAC CE acstart timing in the NTN as that in the
NR.

[0008] One aspect of the present disclosure fatals to provide a transmission apparatus,
a reception apparatus, a transmission method, aadeption method capable of realizing

appropriate MAC CE action start timing control pgesing in an NTN system.

Solution to Problem

[0009] A reception apparatus according to one @spiethe present disclosure includes:
reception circuitry, which, in operation, receige®IAC Control Element (MAC CE) and an
offset value; and control circuitry, which, in operation, configures, based on the offset value,

a slot in which an action based on a control conthadrthe MAC CE is started.

[0010] Atransmission apparatus according to apeet of the present disclosure includes:
control circuitry, which, in operation, configurémsed on an offset value, a slot in which an
action based on a contr@ammand of a MAC Control Element (MAC CE) is started; and
transmission circuitry, which, in operation, transnthe offset value and the MAC CE.

[0011] Areception method according to one aspetite present disclosure includes steps
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performed by a reception apparatus of: receivibgfeC Control Element (MAC CE) and
an offset value; and configuring, based on the offset value, a slot in which an action based

on a control command of the MAC CE is started.

[0012] A transmission method according to one etspethe present disclosure includes
steps performed by a transmission apparatus ofigtoimg, based on an offset value, a slot
in which an action based on a control command A& Control Element (MAC CE) is
started; and transmitting the offset value and the MAC CE.

[0013] Note that these generic or specific aspetdy be achieved by a system, an
apparatus, a method, an integrated circuit, a ceanpuogram, or a recoding medium, and
also by any combination of the system, the appssdte method, the integrated circuit, the

computer program, and the recoding medium.

Advantageous Effects of Invention

[0014] According to one aspect of the presentldssoe, it is possible to realize
appropriate MAC CE action start timing control pgesing in an NTN system.

[0015] Additional benefits and advantages of cspeeat of the disclosed embodiments will
become apparent from the specification and drawind$e benefits and/or advantages may
be individually obtained by the various embodimeantd features of the specification and
drawings, which need not all be provided in oraepbtain one or more of such benefits

and/or advantages.

Brief Description of Drawings
[0016]

FIG. 1 illustrates one example of timing adjustmbased on terminal location
information and satellite orbital information,;

FIG. 2illustrates one example of a transmission slot timing;
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FIG. Sillustrates study on a MAC CE action start timing;

FIG. 4illustrates study on the MAC CE action start timing;

FIG. 5 is a block diagram illustrating a configtima of a part of a terminal according
to Embodiment 1;

FIG. 6 is a block diagram illustrating a configiiwma of a part of a base station
according to Embodiment 1;

FIG. 7 is a block diagram illustrating one exampi@ configuration of the terminal
according to Embodiment 1;

FIG. 8 is a block diagram illustrating one exampfea configuration of the base
station according to Embodiment 1;

FIG. 9 illustrates configuration method 1-1 fom@iguring a MAC CE action slot
accordng to Embodiment 1;

FIG. 10 illustrates configuration method 1-2 fontiguring the MAC CE action slot
according to Embodiment 1;

FIG. 11 illustrates configuration method 2-1 fon@iguring the MAC CE action slot
according to Embodiment 2;

FIG. 12 illustrates configuration method 2-2 fontiguring the MAC CE action slot
according to Embodiment 2;

FIG. 13 schematically illustrates a functionalitspétween NGRAN and 5GC;

FIG. 14 is a sequence diagram of an RRC Connecletup/Reconfiguration
Procedure;

FIG. 15 schematically illustrates usage scenasioenhanced Mobile BroadBand
(eMBB), massive Machine Type Communications (mMT&)d Ultra Reliable and Low
Latency Communications (URLLC); and

FIG. 16 is a block diagram illustrating an exermplG system architecture for a non-

roaming scenario.
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Description of Embodiments
[0017] Hereinafter, embodiments of the presentldgire will be described in detail with
reference to the accompanying drawings.
[0018] <Findings Leading to Present Disclosure>
Hereinafter, findings leading to the present disale will be described.
[0019] [MAC CE Action Start Timing in NR]

In radio communication systems such as an NR,rrait@l (also called a User
Equipment (UE)) performs a Timing Advance contal &dlignment with a downlink timing
for a base station (also called gNB). For examifle, terminal adjusts a transmission
timing of an uplink signal based on a TA value iritdd in a TA command received from the
base station. Note that uplink channels includ®hgsical Uplink Shared Channel
(PUSCH) used for transmission of data, a Physigdihld Control Channel (PUCCH) used
for transmission of control information, and a RbgsRandom Access Channel (PRACH)
used for transmission of initial access. In additiuplink signals include a Sounding
Reference Signal (SRS). Note also that downlirknolels include a Physical Downlink
Shared Channel (PDSCH) used for transmission @ diatl a Physical Downlink Control
Channel (PDCCH) used for transmission of contrfdrimation.

[0020] For 5G NR, in Rel. 15, a timing of a transsion slot is specified.

[0021] Further, for 5G NR, in Rel.15, control commas transmitted in the MAC CE are
specified. Examples of the control commands ineludCl states (beam)
activation/deactivation, CSI-RS resource activdtenctivation, SRS
activation/deactivation, and the like as descrie@S38.321V15.8.0. After confirming
that the MAC CE is received by the terminal, theebatation starts a MAC CE action, that
is, starts to apply the control command transmittettie MAC CE.

[0022] In a Hybrid Automatic Repeat request (HARf)cess, the terminal transmits, to
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the base station, a response signal (hereinadferred to as “HARQ-ACK?”) in response to
a PDSCH. The response signal includes a positkeaviedgement (Acknowledgement,
ACK) or a negative acknowledgement (Negative Ackiealgement, NACK).
[0023] For 5G NR, in Rel. 15, for example, TS382115.8.0 specifies, as the MAC CE
action start timing, i.e., as a timing for applyiting content of the control command of the
notified MAC CE, a timing 3 ms after the timingvatich the base station receives a HARQ-
ACK for the PDSCH including the MAC CE. Since thébframe length is 1 ms, the MAC
CE action start timing is 3 fN&UPM™ slots after the HARQ-ACK slot.  Note that
“NsioP@M® denotes the number of slots per subframe an@salepending on a subcarrier
spacing and the like. Accordingly, the base stattan start the MAC CE action after
receiving the HARQ-ACK (positive acknowledgmentg, j after confirming that the MAC
CE is correctly received by the terminal.
[0024] [Extension to NTN]

In NR, extension to NTN such as communicationagisi satellite and/or a HAPS is
considered (e.g., see Non-Patent Literature (hefteinreferred to as “NPL”) 1).
[0025] In an NTN environment, a satellite’s coyggarea (e.g., one or more cells) for a
terrestrial terminal or a terminal on an aircrafformed by beams from the satellite. In
addition, the round-trip time of radio wave prop@gabetween the terminal and the satellite
is determined by the altitude of the satellite (eug to about 36,000 km) and/or the angle
viewed from the terminal, i.e., the positional telaship between the satellite and the
terminal. Further, when the base station is degasn the ground GW (Gateway), the
round-trip time of radio wave propagation betweka base station and the terminal is
obtained by further adding the round-trip time loé radio wave propagation between the
satellite and the ground GW to the round-trip timeéween the base station and the terminal.
[0026] For example, the satellite forms a celhnatdiameter of several 100 km. The cell

formed by the satellite is larger than a cell vatdiameter of several km formed by the base
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station on ground GW or the like. Accordingly, théerence in the propagation delay of
propagation between the terminal and the satélik@rger depending on the position of the
terminal existing in the cell formed by the satelli

[0027] For example, NPL 1 describes that in an Niftd Round Trip Time (RTT) of radio
wave propagation between a base station and an@rmeiabout 540 ms. In addition, NPL
1 describes that a maximum delay difference of ali@ums is caused depending on the
position of the terminal within beams (within altel The maximum delay difference
indicates, for example, a difference between, oa lmand, the round-trip time between a
terminal at the farthest position from the satelind the satellite and, on the other hand, the
round-trip time between a terminal at the nearesttipn from the satellite and the satellite
within the beams (within the cell).

[0028] For example, in the NTN, it is considerdthtt the terminal calculates the
propagation delay based on the distance betweeteth@nal and the satellite estimated
using the location information of the terminal ob& by a Global Navigation Satellite
System (GNSS) such as a Global Positioning Syst&Rs] and the location information of
the satellite obtained from the orbital informatiointhe satellite (satellite ephemeris), and
that the terminal autonomously performs timing atipent.

[0029] FIG. 1 illustrates exemplary timing adjusimh based on the location information
of the terminal (UE location information) and théital information of the satellite (satellite
ephemeris).

[0030] FIG. 1 illustrates downlink (DL) transmisaislots and uplink (UL) reception slots
for the base station (QNB), and DL reception stotd UL transmission slots for the terminal
(UE). Note that, the horizontal axis of FIG. 1negents the time axis.

[0031] FIG. 1illustrates that a propagation dédayween a transmission timing of a signal
at the base station and a reception timing of tbeas at the terminal is represented by a

propagation delay in a feeder link (Feeder linkagieland a propagation delay in a service
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link (Service link delay). FIG. 1 also illustratdsat the terminal adjusts the transmission
timing of the signal using the TA determined base&dthe location information of the
terminal and the orbital information of the satelli In FIG. 1, the TA corresponds to twice
the propagation delay in the service link, for epém
[0032] However, in the timing adjustment by themimal based on the distance between
the satellite and the terminal, the delay betwhlertérminal and the satellite (i.e., the service
link) is corrected, but the delay between the Isaaton disposed on ground GW (Gateway)
and the satellite (i.e., the feeder link) is natreoted. Further, in case that the satellite and
the terminal are in a Non Line-of-Sight (NLOS) ewowviment, the propagation delay
calculated using the location information may diffeom an actual propagation delay
including applications and/or diffractions occugim the NLOS environment. Therefore,
there is a possibility that a downlink-uplink tingidifference occurs as illustrated in FIG. 1.
[0033] [Study on MAC CE Action Start Timing in NTN

FIG. 2 illustrates an example of transmission simings. FIG. 2 illustrates an
example of a transmission slot timing for a temakftcellular specified in Rel. 15 (left
diagram in FIG. 2) and an example of a transmisslontiming considered for the NTN
(right diagram in FIG. 2).
[0034] FIG. 2 illustrates DL transmission slotgldglL reception slots for the base station
(gNB), and DL reception slots and UL transmissilmtssfor the terminal (UE). Note that,
the horizontal axis of FIG. 2 represents the tixis.a
[0035] In Rel. 15, a HARQ-ACK for a PDSCH transtadt in a slot (n) is transmitted by
the terminal in a slot (n + # and received by the base station. Note thai, i¥a slot
correction value for the HARQ-ACK. The slot numbgrconfigured based on the slot
timing for the base station.
[0036] Unlike this, for the NTN, it is considerdtht an offset value (se) for correcting

a long propagation delay is added, and the HARQ-A@Khe PDSCH is transmitted in the
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slot (n) by the terminal such that the HARQ-ACKaseived in the slot (n + 1+ Koftsey) by
the base station. Note thatsiket is notified for each cell.

[0037] FIGS. 3 and 4 are diagrams for explainiglg on the MAC CE action start timing.
FIGS. 3 and 4 illustrate DL transmission slots &lidreception slots for the base station
(gNB), and DL reception slots and UL transmissidoissfor the terminal (UE). The
horizontal axis in FIGS. 3 and 4 represents the xis. In FIGS. 3 and 4, “X” denotes
INgpSubframe

[0038] Considering Krset, a slot (hereinafter, referred to as “MAC CE actglot”) for
starting the MAC CE action with respect to the gtgttransmitting the PDSCH including
the MAC CE (hereinafter, referred to as “PDSCH "$lad the slot (n + K + Koffset +
3NsiofP™@M§ (a slot with a star mark in FIG. 3). Since m= Ky + Koftse, the MAC CE
action slot with respect to the slot (hereinafteferred to as “HARQ-ACK slot”) (n’) in
which the HARQ-ACK is transmitted by the terminaldareceived by the base station is a
slot (n’ + 3NyHPramg,

[0039] In case that a downlink-uplink timing diféaice exists, and the MAC CE action
slot is configured to the slot (n + K Koiset + 3Nsio®*™@™ (slot (A) with a star mark in FIG.
4) in both the downlink and the uplink, the MAC @é&tion is started for the downlink before
the HARQ-ACK is received.

[0040] Further, in case that a downlink MAC CE@etslot is a slot immediately after the
HARQ-ACK slot (slot (B) with a star mark in FIG.)4Xhe terminal is not aware of the
downlink-uplink timing difference, and is thus ipedble of recognizing an accurate MAC
CE action start timing.

[0041] The present disclosers have focused orptbislem and have arrived at the present
disclosure. One aspect of the present disclosutedcribed in connection with a technique
for implementing appropriate MAC CE action stamitig control processing in an NTN

system.



10

15

20

25

[0042] (Embodiment 1)
[Overview of Communication System]

A communication system according to an embodinwnthe present disclosure
includes terminal 100 and base station 200. Irfahewing description, base station 200
(corresponding to the transmission apparatus)maas PDSCH including a MAC CE, and
terminal 100 (corresponding to the reception agpajareceives the PDSCH. Terminal
100 transmits a HARQ-ACK for the PDSCH, and baatat 200 receives the HARQ-ACK.
Terminal 100 starts an uplink MAC CE action aftensmitting the HARQ-ACK (positive
acknowledgment). Base station 200 starts a dowmlAC CE action after receiving the
HARQ-ACK (positive acknowledgment).

[0043] FIG. 5 is a block diagram illustrating anfiguration of a part of terminal 100
according to the embodiment of the present discosuln terminal 100 illustrated in FIG.
5, radio receiver 106 receives the MAC CE and dsebfvalue (Kiac_action or the like)
from base station 200. Controller 110 configubased on the offset value, a slot in which
an action based on a MAC CE control command isestar

[0044] FIG. 6 is a block diagram illustrating anfiguration of a part of base station 200
according to an embodiment of the present discéosum base station 200 illustrated in
FIG. 6, controller 209 configures, based on theaiffralue (iiac_action or the like), a slot
in which an action based on the MAC CE control candhis started. Radio transmitter
208 transmits the MAC CE and the offset value tmieal 100.

[0045] [Configuration of Terminal]

FIG. 7 is a block diagram illustrating one exampiehe configuration of terminal
100 according to present Embodiment 1. Terminél ibéludes HARQ-ACK generator
101, data generator 102, data transmission proc&88pradio transmitter 104, antenna 105,
radio receiver 106, data reception processor ldZgtion information obtainer 108, and

timing controller 109. HARQ-ACK generator 101, alaenerator 102, data transmission

10
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processor 103, data reception processor 107, tocatformation obtainer 108, and timing
controller 109 may be included in controller 110.

[0046] HARQ-ACK generator 101 generates a respaigeal (e.g., an ACK/NACK
signal sequence) for a received PDSCH based onm@rdetection result inputted from data
reception processor 107. HARQ-ACK generator 10thuts the response signal to data
transmission processor 103.

[0047] Data generator 102 generates an uplink dagaal to be transmitted with
time/frequency resources for data transmissiongaedi by base station 200 and a
Modulation and Coding Scheme (MCS). There are se aahere the time/frequency
resources and the MCS are notified in downlink s@nhformation (DCI or PDCCH) and

a case where the time/frequency resources and B8 Bte notified by RRC signaling
(Configured grant). Data generator 102 outputsufiimk data signal to data transmission
processor 103.

[0048] Data transmission processor 103 perforntoding processing and modulation
processing on each of the response signal outpbytétARQ-ACK generator 101 and the
uplink data signal outputted by data generator Hd2, outputs the modulated baseband
uplink signal to radio transmitter 104.

[0049] Radio transmitter 104 performs transmisgpoocessing such as D/A conversion
and up-conversion on the baseband uplink signgdubigtd by data transmission processor
103, and transmits the uplink signal of a radiqqfiency obtained by the transmission
processing to base station 200 via antenna 105tthdfuradio transmitter 104 adjusts a
transmission timing of the uplink signal accordiegan indication from timing controller
1009.

[0050] Radio receiver 106 performs reception pssteg such as down-conversion and
A/D conversion on a downlink signal of a radio fnegcy as received from base station 200

via antenna 105, and outputs the baseband dowslokal obtained by the reception

11
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processing to data reception processor 107. HRurthdio receiver 106 adjusts the
reception timing of the downlink signal accordirmgan indication from timing controller
109.

[0051] Data reception processor 107 performs dedation and decoding processing on
the downlink signal outputted by radio receiver 1@®btain downlink data and downlink
control information. Data reception processor h@dy perform channel estimation and
timing estimation based on a received referenceasig In addition, data reception
processor 107 outputs, to timing controller 108yinig information (e.g., a common TA,
specific TA, and offset value) included in the deluated and decoded downlink control
information, or, MAC CE control information. TheDECH of the downlink signal
includes PDSCH assignment information, PUSCH ass@y information, and the like.
The PDSCH of the downlink signal may include RR@Gtoal information, MAC CE control
information, a RACH response (msg2), TA command, the like in addition to user data.
[0052] Location information obtainer 108 obtaiihe tlocation information (information
such as latitude, longitude, and altitude) on thetion of terminal 100 and the location
information on the location of the satellite beiagcommunication partner by a GNSS
function such as GPS, calculates the distance leetwerminal 100 and the satellite, and
outputs distance information indicating the caltedadistance to timing controller 109.
Note that, location information obtainer 108 mayami the location information on the
satellite by obtaining orbital information calledtsllite ephemeris and time information in
advance.

[0053] Timing controller 109 calculates a propagatdelay time based on the distance
information outputted by location information oltar 108 and based on a radio wave
propagation speed (about 3 ¥h@s). Then, based on the propagation delay tirtieing
adjustment value common to the cell that is brosidiog the base station, the TA value for

terminal 100 notified by the base station, andlitkes timing controller 109 indicates the

12
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transmission timing of the uplink signal to radiartsmitter 104 and indicates the reception
timing of the downlink signal to radio receiver 106The timing adjustment value may
differ depending on channels (e.g., PUSCH, PUCRAECH, and SRS).
[0054] Timing controller 109 controls each sectimnstart the MAC CE action at a
predetermined timing based on the offset value vithenMAC CE control information is
inputted from data reception processor 107. Tdigoration method for configuring the
MAC CE action start timing will be described in diétater.
[0055] [Configuration of Base Station]

FIG. 8 is a block diagram illustrating one examuii¢he configuration of base station
200 according to the present embodiment. Basmsista00 includes antenna 201, radio
receiver 202, data reception processor 203, tiroargrol information generator 204, MAC
CE controller 205, data generator 206, data trassomn processor 207, and radio transmitter
208. Data reception processor 203, timing contrfdrmation generator 204, MAC CE
controller 205, data generator 206, and data tresssom processor 207 may be included in
controller 209.
[0056] Radio receiver 202 performs reception psst®) such as downconversion, A/D
conversion, and/or the like on a downlink signalaofadio frequency as received from
terminal 100 via antenna 201, and outputs a baslalgalimk signal obtained by the reception
processing to data reception processor 203.
[0057] Data reception processor 203 performs demation and decoding processing on
an uplink signal outputted by radio receiver 202obdain downlink data and downlink
control information. Further, data reception pssm 203 performs channel estimation
and timing estimation based on the received dapaaki and outputs timing information
indicating the estimated timing to timing contnaidrmation generator 204. Data reception
processor 203 also outputs the received HARQ-ACKIAL CE controller 205.

[0058] Timing control information generator 204ngeates a TA command for terminal

13
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100 based on the timing estimated by data receptimeessor 203.  Further, timing control
information generator 204 generates a timing anjast value and an offset valueofket,
Kwmac_acTion, or the like) common to the cell. The timing a&tjuent value and offset value
common to the cell are generated based on, for gbearthe sizes of the cells formed by
satellite beams and based on the length and delayra of a feeder link. Timing control
information generator 204 outputs the timing contrdormation to data transmission
processor 207.

[0059] MAC CE controller 205 generates a MAC CH autputs it to data transmission
processor 207. MAC CE controller 205 controls esettion to start the MAC CE action
at a predetermined timing based on the offset ydlueexample, when a HARQ-ACK
(positive acknowledgement) for a PDSCH including MAC CE is inputted from data
reception processor 203. The configuration metloodtonfiguring the MAC CE action
start timing will be described in detalil later.

[0060] Data generator 206 generates a downlin& damnal including user data, system
information, specific control information, and thike. Data generator 206 outputs the
generated downlink data signal to data transmigsiooessor 207.

[0061] Data transmission processor 207 perforntodng processing and modulation
processing on each of the timing control informatoitputted by timing control information
generator 204, the MAC CE outputted by controll®b,2and the downlink data signal
outputted by data generator 206, maps the moduteteeband downlink signal to the radio
resource, and outputs the signal to radio tranen2®8.

[0062] Radio transmitter 208 performs transmisgpoocessing such as D/A conversion
and up-conversion on the baseband downlink sigmaludted by data transmission processor
207, and transmits the downlink signal of a radexfiency obtained by the transmission
processing to terminal 100 via antenna 201.

[0063] [Configuration Method for MAC CE Action Staliming]

14
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Next, a detailed description will be given of anfiguration method for configuring
the MAC CE action start timing according to thegenmet embodiment.
[0064] - Configuration Method 1-1

FIG. 9 illustrates configuration method 1-1 fonéiguring the MAC CE action slot.
FIG. 9 illustrates DL transmission slots and ULeeton slots for the base station (gNB),
and, DL reception slots and UL transmission slotstiie terminal (UE). Note that, the
horizontal axis of FIG. 9 represents the time axis.
[0065] Inthe present method, a downlink MAC CEatslot is configured with reference
to an uplink MAC CE action slot based on an offsstie (Kuac_action:) notified by base
station 200 to terminal 100.
[0066] Base station 200 notifies the offset valld@&iac_acTiont) in consideration of the
downlink-uplink timing difference, for example, thie time point of transmitting the MAC
CE. Note that ac_action: has a granularity in units of slot, and the downkduplink
timing difference is rounded up in units of slohdg¢h. Base station 200 may transmit
Kwmac_acTtion: in @ subject MAC CE, or may transmit it in anotMkC CE, RRC signaling,
DCI, or the like.
[0067] Terminal 100 and base station 200 confighesuplink MAC CE action slot (slot
(A) with a star mark in FIG. 9) with reference tetHARQ-ACK slot. The uplink MAC
CE action slot for the HARQ-ACK slot (n') is theoskn’ + 3Nsio?*™@™9.  (In the case of X
=3)
[0068] Further, terminal 100 and base station e@0@igure, as the downlink MAC CE
action slot (slot (B) with a star mark in FIG. @),slot that is offset by the offset value
(Kmac_acTiont) from the uplink MAC CE action slot. Thereforbgtdownlink MAC CE
action slot for the HARQ-ACK slot (1) is the slpt’ + 3Nsiof"?"™e+ Kyac_acTion).
[0069] The relation between the PDSCH slot (n) gredHARQ-ACK slot (n’) isn’=n +

K1 + Kotiset ~ Therefore, the uplink MAC CE action slot for tRBSCH slot (n) is the slot
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(n + 3Nyt P™@me+ Ky + Kostse).  In addition, the downlink MAC CE action slotrfthe
PDSCH slot (n) is the slot (n + 3BFUPTMe+ Ky + Koftset + Kmac_acTiont).  In other words,
the offset notified, iac_acTiony, is used only for specifying the downlink MAC CEtian
slot timing, and not for specifying the uplink MACE action slot timing.
[0070] According to the present method, termir@ tan accurately grasp the start timing
(slot) for the downlink MAC CE action even when rindgs a downlink-uplink timing
difference. It is thus possible to prevent ocameee of a discrepancy in the
transmission/reception parameters and the like d@&tvase station 200 and terminal 100.
Further, appropriate configuration ofikc_action: allows base station 200 to have adequate
time before starting the MAC CE action after batsgien 200 receives the HARQ-ACK
(positive acknowledgement). Thus, terminal 10€aisable of starting the MAC CE action
after confirming that the terminal receives the MBE correctly. Further, base station 200
can configure the same timing or close timings leetwthe downlink MAC CE action start
timing and the uplink MAC CE action start timingThus, it is possible to simplify the
control in base station 200.
[0071] In the present methodukc _acTion: need not necessarily be configured to a value
corresponding to the downlink-uplink timing diffei@. For example, dfac_acTion: may
be configured to a value that has a margin in ctemation of the processing time at base
station 200.
[0072] - Configuration Method 1-2

FIG. 10 illustrates configuration method 1-2 foniguring the MAC CE action slot.
FIG. 10 illustrates DL transmission slots and Uteggtion slots for the base station (gNB),
and DL reception slots and UL transmission slotstifi@ terminal (UE). Note that, the
horizontal axis of FIG. 10 represents the time.axis
[0073] In the present method, the downlink MAC @&tion slot is configured with

reference to the PDSCH slot based on the offsaev#vac_acTionz) notified by base station
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200 to terminal 100.

[0074] Base station 200 notifies, amaA&_actionz, an offset value corresponding to the
downlink-uplink timing difference at the time poiat transmitting the MAC CE plus the
correction value (K.

[0075] Terminal 100 and base station 200 confighesuplink MAC CE action slot (slot
(A) with a star mark in FIG. 10) with referencetb® PDSCH slot. The uplink MAC CE
action slot for the HARQ-ACK slot (n’) in responsethe PDSCH including the MAC CE
is the slot (N’ + 3NUP™M5, and the uplink MAC CE action slot for the PDSEldt (n) is
the slot (n + 3No“P™ M+ Kofiset + K1).  (In the case of X = 3)

[0076] Terminal 100 and base station 200 configheedownlink MAC CE action slot
(slot (B) with a star mark in FIG. 10) with refecento the PDSCH slot. The downlink
MAC CE action slot for the PDSCH slot (n) is thets(n + 3N + Koprser +
Kwmac_action2).  Therefore, terminal 100 can configure the domknMAC CE action slot
without considering the correction valuefk0f the HARQ-ACK timing.

[0077] According to the present method, termir@d tan accurately grasp the start timing
(slot) for the downlink MAC CE action. It is thymssible to prevent occurrence of a
discrepancy in the transmission/reception parameted the like between base station 200
and terminal 100. Further, appropriate configoratf Kuac action2 allows base station
200 to have adequate time before starting the MAGEion after base station 200 receives
the HARQ-ACK (positive acknowledgement). Thuspigral 100 is capable of starting
the MAC CE action after confirming that the ternlimaceives the MAC CE correctly.
Further, base station 200 can configure the samadi or close timings between the
downlink MAC CE action start timing and the upliMAC CE action start timing. Thus,
it is possible to simplify the control in base &Bat200.

[0078] Further, the MAC CE action slot is spedfieith reference to the PDSCH slot in

each of the uplink and the downlink. Thus, terrhit@0 can identify each MAC CE action
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slot independently. It is thus possible to simplife processing.

[0079] In the present methodukc acTionz need not necessarily be configured to a value
corresponding to the value of the downlink-uplimkibg difference and the correction value
(K1) added together. For examplevA§_actionz may be configured to a value that has a
margin in consideration of the processing timeasebstation 200.

[0080] [Effects]

In present Embodiment 1 described above, it isiptessto prevent occurrence of a
discrepancy in the transmission/reception parammeted the like between base station 200
and terminal 100. Further, base station 200 cam tfte MAC CE action after confirming
that terminal 100 correctly receives the MAC CE.hu§g, according to Embodiment 1, it is
possible to realize appropriate MAC CE action diamtng control processing in the NTN
system.

[0081] (Embodiment 2)

In present Embodiment 2, a case will be descnbeachich the base station starts the
downlink MAC CE action without waiting for receptiamf a HARQ-ACK slot. Note that
the configurations of the terminal and the basg&astan the present embodiment are the
same as those of terminal 100 and base statiodeXifdibed in Embodiment 1, and therefore,
description thereof is omitted.

[0082] [Configuration Method for MAC CE Action Staliming]

Next, a detailed description will be given of anfiguration method for configuring
the MAC CE action start timing according to thegenmet embodiment.
[0083] - Configuration Method 2-1

FIG. 11 illustrates configuration method 2-1 fonfiguring the MAC CE action slot.
FIG. 11 illustrates DL transmission slots and Uteggtion slots for the base station (gNB),
and DL reception slots and UL transmission slotstli@ terminal (UE). Note that, the

horizontal axis of FIG. 11 represents the time .axis
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[0084] In the present method, the downlink MAC @&tion slot is configured with
reference to a PDSCH slot based on an offset ({#ugc_action pL), and the uplink MAC
CE action slot is configured with reference to aR{&ACK slot based on an offset value
(KmAC_AcTION_UL)-

[0085] Base station 200 notifies the uplink offeaiue (Kuac_action_uL) and the downlink
offset value (Kiac_action_pL). Note that Kiac_action_uL and/or Kuac_action_pL to be used
may be fixed values defined in the specificatiamsjalues notified by the base station using
a SIB or notified by terminal-specific signaling. Base station 200 may transmit
Kwmac_acTion_pL in the subject MAC CE, may transmit it using thB 8nd/or RRC signaling,
or may transmit it in the DCI.  Note that, althoubk same applies to&c_action_ut, it is
desirable to notify iac_action_uL using the SIB or RRC signaling because the vadwes
dependent on the throughput of the terminal obtme station in the uplink and thus do not
need to be changed frequently.

[0086] Terminal 100 and base station 200 confighesuplink MAC CE action slot (slot
(A) with a star mark in FIG. 11) with referencetih® HARQ-ACK slot. The uplink MAC
CE action slot for the HARQ-ACK slot (n’) is theosi(n’ + Kmac_AcTion_uL).

[0087] Terminal 100 and base station 200 configheedownlink MAC CE action slot
(slot (B) with a star mark in FIG. 11) with refecento the PDSCH slot. The downlink
MAC CE action slot for PDSCH slot (n) is the slot{ Kumac_acTion_ pL).

[0088] According to the present method, termir@d tan accurately grasp the start timing
(slot) for the downlink MAC CE action. It is thymssible to prevent occurrence of a
discrepancy in the transmission/reception parameted the like between base station 200
and terminal 100. Further, it is possible to stag downlink MAC CE action without
waiting for reception of the HARQ-ACK slot. ItiBus possible to shorten the time before
the MAC CE action is started. Further, termina £@n configure the same timing or close

timings between the downlink and uplink MAC CE aatstart timings. It is thus possible
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to simplify the timing adjustment in the terminal.

[0089] In the present method, since the rangb@bifset value to be notified amounts to
at most several slots, it is possible to notifydffset value with several bits. Therefore, in
the present method, the number of bits requireddtification can be reduced as compared
with configuration methods 1-1 and 1-2 in Emboditiedescribed above.

[0090] In the present method, it is possible thete station 200 starts the MAC CE action
without confirming that terminal 100 receives th&®ICE correctly. However, as will be
described below, this point does not result ingaificant problem depending on the way of
operating the NTN.

[0091] Generally, the propagation delay is extrignteage in the NTN. Accordingly, in
case that transmission relying on retransmissioHARQ is performed, the delay until the
packet transmission is completed may become extyeloeg. Therefore, the initial
transmission may be performed with a robust MC&,(an MCS with a low modulation
order and/or a low coding rate) so as to be redewni¢gh a high probability (e.g., 99.99%).
Accordingly, even when base station 200 startsdinnlink MAC CE action without
waiting for reception of the HARQ-ACK, it is unlikefor terminal 100 to erroneously
receive the MAC CE. Itis thus extremely unlikéhat a discrepancy occurs between base
station 200 and terminal 100. Even when a discrepaccurs (that is, an ACK is not
received), base station 200 can recognize thegjiaocy when the ACK is not received. It
is thus possible to resolve the discrepancy bynsmitting signals transmitted after MAC
CE transmission and before HARQ-ACK reception.

[0092] Further, by configuring #ac_action_pL to a large value, it is also possible to start
the downlink MAC CE action at a timing later thiwe HARQ-ACK reception timing at base
station 200. For example, when the PDSCH for trattisig the MAC CE is transmitted
with a robust MCS (e.g., transmitted together vd#ta of strict delay requirements), the

PDSCH is unlikely to be erroneous. ThumaK action_pL is configured to a small value
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and the MAC CE action is started without waiting feception of the HARQ-ACK. On
the other hand, when the PDSCH for transmittingWiideC CE is transmitted with a normal
MCS (e.g., transmitted together with data allowaglelay), the PDSCH is likely to be
erroneous. Thus,fc_action pL is configured to a large value and the MAC CEarcts
started after the HARQ-ACK is received. Thus, byteolling Kmac_action_pL according
to the situation, the flexible operation is possibl Further, also for #ac_action_uL, the
base station may configure it to a large value wihenbase station waits for HARQ-ACK
reception before starting the MAC CE action, orfagure it to a small value otherwise.
[0093] Further, for example, when a MAC CE is siaitted in a HARQ process
configured such that HARQ-ACK feedback is not perfed, Kuac action oL may be
configured to a small value and the MAC CE actioayrbe started prior to HARQ-ACK
reception timing. When a MAC CE is transmitteiRHARQ process configured such that
HARQ-ACK feedback is performed, the MAC CE actioaytbe started after HARQ-ACK
feedback. In this case, for these two types of AROcessing, the twonNkc_acTion_bL
values may be notified to the terminal in advanceurther, a plurality of values may be
notified to the terminal in advance, and the basgon may designate (notify) a value to be
used to the terminal each time the MAC CE is tratiech  Also for Kuac_acTtion_ut, two
values may be notified to the terminal in advamcéne same manner as fofikc_acTion pL.
[0094] - Configuration Method 2-2

FIG. 12 illustrates configuration method 2-1 fontiguring the MAC CE action slot.
FIG. 12 illustrates DL transmission slots and Uteggtion slots for the base station (gNB),
and, DL reception slots and UL transmission slotstiie terminal (UE). Note that, the
horizontal axis of FIG. 12 represents the time.axis
[0095] In the present method, the uplink and tbevmink MAC CE action slots are
configured with reference to a HARQ-ACK transmissglot of the terminal based on an

offset value (Kiac_acTion).
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[0096] Base station 200 notifies the offset vald@ac action). Base station 200 may
transmit Kuac_action in the subject MAC CE or may transmit it in anattMAC CE.
Alternatively, Kuac action may be a fixed value determined in accordance \thin
specifications, or may be a value broadcast usiadsiB from base station 200 to terminal
100 or a value notified by terminal-specific signglor DCI.

[0097] Terminal 100 and base station 200 configasehe uplink and downlink MAC CE
action slots (the slots (A) and (B) with a star kniarFIG. 12), slots delayed byw£c_acTion
from the HARQ-ACK slot. Both the uplink and dowmki MAC CE action slots for the
HARQ-ACK transmission slot (n’) of the terminal astots (n’ + Kuac action). The
downlink MAC CE action slot may be specified as fane slot as the uplink MAC CE
action slot (n’ + Kiac_acTion) or the first slot after the uplink MAC CE actistot.

[0098] Base station 200 calculates the downlink GIALE action start timing in
consideration of a managed uplink-downlink timinfjeslence and the like. For example,
base station 200 calculates, as the MAC CE acttart §ming, n + Bru. + K1 +
Kwmac_action.  Note that “BrLuL” denotes the uplink-downlink timing difference railed

to units of slots. The character “n” denotes th@QVCE transmission slot.

[0099] According to the present method, termir@ tan accurately grasp the start timing
(slot) for the downlink MAC CE action. It is thymssible to prevent occurrence of a
discrepancy in the transmission/reception parameted the like between base station 200
and terminal 100. Further, it is possible to stag downlink MAC CE action without
waiting for reception of the HARQ-ACK slot. Itikus possible to shorten the time before
the MAC CE action is started. In addition, sincéyamne parameter is used, the overhead
in notification can be reduced. Like above confagion method 2-1, the downlink MAC
CE action can be started at a timing later tharHHARQ-ACK reception timing of HARQ-
ACK reception at base station 200. Also, the thefore the MAC CE action is started can

be shortened by starting the downlink MAC CE actbra timing earlier than the HARQ-
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ACK reception timing. Further, terminal 100 camfigure the same timing or close
timings between the downlink and uplink MAC CE aatstart timings. It is thus possible
to simplify the timing adjustment in terminal 100.

[0100] [Effects]

In present Embodiment 2 described above, it isiptesto prevent occurrence of a
discrepancy in the transmission/reception parameted the like between base station 200
and terminal 100. Further, it is possible for bstsgion 200 to start the downlink MAC CE
action without waiting for reception of the HARQ-KGlot. It is thus possible to shorten
the time before the MAC CE action is started. Thacording to Embodiment 2, it is
possible to realize appropriate MAC CE action dtiantng control processing in the NTN
system.

[0101] The embodiments of the present disclosaxe been described above.

[0102] Note that, in the above-described embodis)e¢he cell may be an area defined by
the reception power of a Synchronization Signal/PBBlock (SSB) or a Channel State
Information-Reference Signal (CSI-RS) transmittgdHz base station (satellite), or may be
an area defined by the geographical position.

[0103] Note that the embodiments described abave been described by taking the NTN
environment (e.g., a satellite communication emvument) as an example, but the present
disclosure is not limited thereto. The presentcldsure may be applied to other
communication environments (e.g., a terrestridutal environment in LTE and/or NR).
[0104] Note that, although the above embodimeat&tbeen described in relation to the
example in which the GNSS such as GPS (i.e., posttetection using a satellite signal) is
utilized, position detection by a terrestrial cilubase station, position detection using a
WiFi signal and/or Bluetooth (registered trademasignal, position detection using an
acceleration sensor or the like, or a combinati@rdgof may be performed. In addition,

the altitude information may be obtained from aobagtric pressure sensor or the like.
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[0105] Note that, the cell may be an area defimethe reception power of the SSB and/or
a CSI-RS transmitted by the base station (satgllde may be an area defined by the
geographical position. Further, the cell in thexabembodiments may be replaced with a
beam defined by the SSB.

[0106] The Satellite ephemeris information, whishinformation on the positions of
satellites, may be notified using the system infation or the like, or may be held in advance
by a terminal (or a base station). Further, tieiteal (or the base station) may update the
Satellite ephemeris information when communicais@nabled. Further, the terminal (or
base station) may also use other information totitlethe position of the satellite.

[0107] Note that the above embodiments have besarhed in connection with the case
where the location information can be utilized, fauta terminal that does not have a GNSS
function and/or a terminal that cannot obtain infation on the location of a satellite, a
timing control may be performed in accordance witling control information common to
the cell that is broadcast by a base station idsté#he timing control based on the location
information. In this case, the base station mapdmit the timing control information
corresponding to a propagation delay amount irvitiaity of the cell center.

[0108] The base station may be referred to as gRaat gNB.  Further, the terminal may
be referred to as UE.

[0109] The slot may be replaced by “time slot,”ifislot,” “frame,” “subframe,” or the
like.

[0110] The response signal may be described niyt am “HARQ-ACK” but also as
“ACK/NACK.”

[0111] In the above-described embodiments, the M2 action slot is 3 ms, i.e., 3
NsiotUPames|ots after the HARQ-ACK slot. However, the MAE @hay be applied after a
longer or shorter time, and such a time may be rgéined as “after X Nof?™™es|ots.”

[0112] In the above embodiments, the MAC CE acsitamt timing has been described as
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a timing at which an action in accordance withadbetrol command transmitted in the MAC
CE is started, but it may be a timing at which atust in accordance with the control
command transmitted in the MAC CE is applied.

[0113] The uplink MAC CE in the above-describedbeaiments is a command relevant
to the transmission or status in the uplink, anfbisexample, any one of a Timing Advance
Command MAC CE, SCell Activation/Deactivation MACECPUCCH spatial relation
Activation/Deactivation MAC CE, SP CSI reporting ®JCCH Activation/Deactivation
MAC CE, SP SRS Activation/Deactivation MAC CE, SR&hloss Reference RS Update
MAC CE, PUSCH Pathloss Reference RS Update MACADH Serving Cell Set based SRS
Spatial Relation Indication MAC CE. An SCell Aaivon/Deactivation MAC CE relevant
to an uplink SCell may also be included.

[0114] The downlink MAC CE in the above-describechbodiments is a command
relevant to the transmission and status in the dolyrand is, for example, any one of an
SCell Activation/Deactivation MAC CE, SP ZP CSI-RSResource Set
Activation/Deactivation MAC CE, TCI States Activati/Deactivation for UE-specific
PDSCH MAC CE, Aperiodic CSI Trigger State Sub-setecMAC CE, SP CSI-RS/CSI-IM
Resource Set Activation/Deactivation MAC CE, andXO®mmand MAC CE.

[0115] Further, depending on commands, the MACaCtion timing may be changed, for
example, by changing the value of X or the valueKe@hc action. It is possible to
effectuate an action at an appropriate timing atiogrto the contents and priority of the
command.

[0116] In Embodiment 1, in case that the uplink ®IAE action start timing is with
reference to the HARQ-ACK timing for a PDSCH indhgithe MAC CE (that is, the MAC
CE action start timing is at slot (0’ + 3bf“°™™g with respect to HARQ-ACK slot n’), the
uplink MAC CE action start timing is the same tigpias in NR Rel. 15. For this reason,

Kwmac_action may be notified as an offset for controlling trewlink MAC CE action start
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timing. Also, in the same PDSCH as the downlink M&E, Kuac_action may be notified
as the same MAC CE or as a difference MAC CE.

[0117] Inthe above-described embodiments, althaffget value iac action indicating

a MAC CE application timing (including ac_action1, Kmac acTione, and the like) is
notified, only a difference from a separately netif value, for example, an offset value
broadcast within a cell in order to correct a rotimgl delay may be notified. The offset
value for correcting the round-trip delay may beoieet value used for Timing Advance or
may be Ktset described above.

[0118] Offset value Kac action indicating the MAC CE application timing may be
broadcast using the SIB or the like as a value comta the cell and/or beam, or may be
notified by specific RRC signaling. Such an offgalue may also be notified as a MAC
CE, or may be notified in the DCI (or PDCCH).

[0119] In the case of GEO (geostationary satgllttee downlink-uplink timing difference
Is a constant value (or a value that hardly changehkile in the case of LEO (non-
geostationary satellite), the downlink-uplink tigidifference changes with the movement
of the satellite. For this reason, the offset gakinotified using the SIB or RRC signaling
in the case of GEO, whileNgc_acTion calculated by the base station is notified inNt#C
CE at the time of transmitting the MAC CE in theseaf LEO. As such, the SIB, RRC
signaling, and MAC CE may be used in combinatiomhe value notified using the MAC
CE may be a difference value from the value natifising the SIB or RRC signaling. In
this case, the number of natification bits in thA®ICE can be reduced.

[0120] In the above-described embodiments, the M2E action start timing may be
switched between terminals or operation scenaoiogie MAC CE action start timing to be
used may be designated using the SIB. In additttnMAC CE action timing may differ
between a HARQ process in which HARQ-ACK feedbazlenabled (HARQ-feedback

enabled HARQ process) and a HARQ process in whieh HARQ-ACK feedback is
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disabled (HARQ-feedback disabled HARQ process).r eéxkample, when the MAC CE is
transmitted with the HARQ process in which the HARQK feedback is not performed,
MAC CE application timing configuration method 3 4(Embodiment 2) may be used to
apply the MAC CE prior to the HARQ-ACK timing, amchen the MAC CE is transmitted
with the HARQ process in which the HARQ-ACK feedb@&performed, the MAC CE may
be applied after the HARQ-ACK feedback using MAC &iplication timing configuration
method 1 or 2 (Embodiment 1).

[0121] The HARQ-ACK may include an ACK, NACK, araTX (non-transmission).
When transmitting an ACK, the terminal applies MAC CE at a predetermined timing.
However, when transmitting a NACK for a PDSCH imthg the MAC CE or in the case of
DTX, that is, when the PDSCH including the MAC Cé&nnoot be decoded correctly or the
assignment of PDSCH is not noticed (no PDCCH igived), the terminal does not apply
the MAC CE. Also, when the base station receillesNACK or does not receive both of
ACK and NACK, the MAC CE is not applied.

[0122] In the above-described embodiments, fongxa, the terminal applies the MAC
CE three (or X) slots after the HARQ-ACK transmisstiming with respect to the PDSCH
in which the MAC CE is included. On the other hantlen the HARQ-feedback disabled
HARQ process is used, no HARQ-ACK transmissioreigsgrmed. In this case, the MAC
CE may be applied at a timing 3 slots after a tgrassumed as HARQ-ACK transmission
(for example, hypothetical HARQ-ACK timing) whick actually not transmitted.  Further,
the transmission timing of HARQ-ACK is determinesing the value of K(offset value
from the PDSCH slot) notified with the DCI at thea¢ of PDSCH scheduling.  Although
no HARQ-ACK is actually transmitted, the hypothatiHARQ-ACK timing may be
determined using the notified value of.K Also, when the HARQ feedback is disabled, the
value of K is not required basically. It is thus possiblattthe value of Kis not notified

in the DCI, is used for another purpose, or iste@as a disabled field. In this case, the
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minimum value or the maximum value from among valoenfigured as candidates for the
K1 value may be used. In addition, which value te as the Kvalue when the HARQ-
feedback is disabled may be configured, or a defaalue may be determined in the
specifications.  Thus, since the MAC CE action tigniis uniquely specified, the
recognition can be consistent between the baderstatd the terminal.

[0123] Inthe above embodiments, in the case whemownlink-uplink timing difference
occurs, Kiac_action may be configured to zero and notified to the tealn  Additionally

or alternatively, Kuac_acTion may be notified to the terminal only when the dbmicuplink
timing difference occurs. In this case, when navalonk-uplink timing difference occurs,
Kwmac_acTion IS not notified to the terminal. In addition, tterminal may be notified of
timing offset information common to the cell or bea order that the terminal performs a
timing control (e.g., Timing Advance) such thatdawnlink-uplink timing difference occurs.
Kwmac_action may be notified when no timing offset common te &ell or beam is notified.

[0124] The expression “section” used in the abdeseribed embodiments may be

replaced with another expression such as “circintiitry),” “device,” “unit,” or “module.”
[0125] <5G NR System Architecture and Protocoktista

3GPP has been working at the next release fdstthgeneration cellular technology,
simply called 5G, including the development of avnedio access technology (NR)
operating in frequencies ranging up to 100 GHz. e fitst version of the 5G standard was
completed at the end of 2017, which allowed proreetb 5G NR standard-compliant trials
and commercial deployments of terminals (e.g., gghanes).
[0126] For example, the overall system architectassumes an NG-RAN (Next
Generation-Radio Access Network) that includes gNBEhe gNB provides the NG-radio
access user plane (SDAP/PDCP/RLC/MAC/PHY) and cbnplane (RRC) protocol

terminations towards the UE. The gNBs are intemected with each other by means of

the Xn interface. The gNBs are also connected bans of the Next Generation (NG)
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interface to the NGC (Next Generation Core), mquectically to the AMF (Access and
Mobility Management Function) (e.g., a particulare entity performing the AMF) by
means of the NG-C interface and to the UPF (Usand’Function) (e.g., a particular core
entity performing the UPF) by means of the NG-l¢ifdce. The NG-RAN architecture is
illustrated in FIG. 13 (see e.g., 3GPP TS 38.3(R&.D, section 4).

[0127] The user plane protocol stack for NR (sep, SGPP TS 38.300, section 4.4.1)
includes the PDCP (Packet Data Convergence Protweelsection 6.4 of TS 38.300), RLC
(Radio Link Control, see section 6.3 of TS 38.3@ MAC (Medium Access Control, see
section 6.2 of TS 38.300) sublayers, which are irgatad in the gNB on the network side.
Additionally, a new Access Stratum (AS) sublayeDA®, Service Data Adaptation
Protocol) is introduced above the PDCP (see eup-ckuse 6.5 of 3GPP TS 38.300). A
control plane protocol stack is also defined for (d&e for instance TS 38.300, section 4.4.2).
An overview of the Layer 2 functions is given irbstlause 6 of TS 38.300. The functions
of the PDCP, RLC, and MAC sublayers are listed eespely in sections 6.4, 6.3, and 6.2
of TS 38.300. The functions of the RRC layer &tetl in sub-clause 7 of TS 38.300.
[0128] For instance, the Medium-Access-Control elayhandles logical-channel
multiplexing, and scheduling and scheduling-relatadctions, including handling of
different numerologies.

[0129] The physical layer (PHY) is for example pessible for coding, PHY HARQ
processing, modulation, multi-antenna processing] eapping of the signal to the
appropriate physical time-frequency resources. [esical layer also handles mapping
of transport channels to physical channels. Thgsiphl layer provides services to the
MAC layer in the form of transport channels. A pioal channel corresponds to the set of
time-frequency resources used for transmission gdrécular transport channel, and each
transport channel is mapped to a correspondinggddyghannel. Examples of the physical

channel include a Physical Random Access ChaniA(™), a Physical Uplink Shared
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Channel (PUSCH), and a Physical Uplink Control Cter(PUCCH) as uplink physical
channels, and a Physical Downlink Shared Chanm#b#H), a Physical Downlink Control
Channel (PDCCH), and a Physical Broadcast ChanRBICH) as downlink physical
channels.

[0130] Use cases/deployment scenarios for NR cogldde enhanced mobile broadband
(eMBB), ultra-reliable low-latency communicatioldRLLC), and massive machine type
communication (mMTC), which have diverse requiretaen terms of data rates, latency,
and coverage. For example, eMBB is expected tpatpeak data rates (20 Gbps for
downlink and 10 Gbps for uplink) and user-expergghdata rates in the order of three times
what is offered by IMT-Advanced. On the other hamdcase of URLLC, the tighter
requirements are put on ultra-low latency (0.5 ansfL and DL each for user plane latency)
and high reliability (1?1075 within 1 ms). FinallphMTC may preferably require high
connection density (1,000,000 devices/km2 in aramrbnvironment), large coverage in
harsh environments, and extremely long-life batteryjow cost devices (15 years).

[0131] Therefore, the OFDM numerology (e.g., subea spacing, OFDM symbol
duration, cyclic prefix (CP) duration, and numbé&symbols per scheduling interval) that is
suitable for one use case might not work well fopther. For example, low-latency
services may preferably require a shorter symbahtthn (and thus larger subcarrier
spacing) and/or fewer symbols per scheduling istefaka, TTI) than an mMTC service.
Furthermore, deployment scenarios with large chlashelay spreads may preferably require
a longer CP duration than scenarios with shortyodgdaeads. The subcarrier spacing should
be optimized accordingly to retain the similar GRerhead. NR may support more than
one value of subcarrier spacing. Correspondirgylipcarrier spacing of 15 kHz, 30 kHz,
60 kHz... are being considered at the moment. syh#ol duration Tu and the subcarrier
spacingAf are directly related through the formuld = 1/Tu. In a similar manner as in

LTE systems, the term “resource element” can bd tselenote a minimum resource unit
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being composed of one subcatrrier for the lengtbnef OFDM/SC-FDMA symbol.

[0132] Inthe new radio system 5G-NR for each nuotogly and carrier a resource grid of
subcarriers and OFDM symbols is defined respegtif@ uplink and downlink. Each
element in the resource grid is called a resoulement and is identified based on the
frequency index in the frequency domain and thel®lmosition in the time domain (see
3GPP TS 38.211 v15.6.0).

[0133] <Functional Split between NG-RAN and 5GG{B NR>

FIG. 13 illustrates the functional split betweba NG-RAN and the 5GC. Alogical
node of the NG-RAN is gNB or ng-eNB. The 5GC imtgs logical nodes AMF, UPF, and
SMF.

[0134] For example, gNB and ng-eNB hosts the foilitg main functions:

- Radio Resource Management functions such asoRBdarer Control, Radio
Admission Control, Connection Mobility Control, adgnamic allocation (scheduling) of
both uplink and downlink resources to a UE;

- IP header compression, encryption, and inte@rityection of data;

- Selection of an AMF during UE attachment in sacbase when no routing to an
AMF can be determined from the information provided by the UE;

- Routing user plane data towards the UPF;

- Routing control plane information towards thelF;

- Connection setup and release;

- Scheduling and transmission of paging messages;

- Scheduling and transmission of system broadoéstmation (originated from the
AMF or an action management maintenance functioAMO Operation, Admission,
Maintenance));

- Measurement and measurement reporting configuration for mobility and scheduling;

- Transport level packet marking in the uplink;
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- Session management;
- Support of network slicing;
- QoS flow management and mapping to data radio bearers;
- Support of UEs in the RRC INACTIVE state;
5 - Distribution function for NAS messages;
- Radio access network sharing;
- Dual connectivity; and
- Tight interworking between NR and E-UTRA.
[0135] The Access and Mobility Management Func{idMF) hosts the following main
10 functions:
- Function of NonAccess Stratum (NAS) signaling termination;
- NAS signaling security;
- Access Stratum (AS) security control;
- Inter-Core Network (CN) node signaling for matlyil between 3GPP access
15 networks;
- Idle mode UE reachability (including control anexecution of paging
retransmission);
- Registration area management;
- Support of intra-system and intgrstem mobility;
20 - Access authentication;
- Access authorization including check of roaming rights;
- Mobility management control (subscription and policies);
- Support of network slicing; and
- Session Management Function (SMF) selection.
25 [0136] In addition, the User Plane Function (URB3%ts the following main functions:

- Anchor Point for intra-/inteRAT mobility (when applicable);
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- External Protocol Data Unit (PDU) session pdmt interconnection to a data
network;

- Packet routing and forwarding;

- Packet inspection and a user plane part of Policy rule enforcement;

- Traffic usage reportiy

- Uplink classifier to support routing traffic flows to a data network;

- Branching point to support mulibmed PDU session;

- QoS handling for user plane (e.g., packet filtering, gating, UL/DL rate enforcement);

- Uplink traffic verification (SDRo QoS flow mapping); and

- Function of downlink packet buffering and downklidata notification triggering.
[0137] Finally, the Session Management FunctioMKp hosts the following main
functions:

- Session management;

- UE IP address allocation anthnagement;

- Selection and control of UPF;

- Configuration function for traffic steering &gt User Plane Function (UPF) to route
traffic to a proper destination;

- Control part of policy enforcement and QoS; and

- Downlink data notification.
[0138] <RRC Connection Setup and Reconfiguratimté&dure>

FIG. 14 illustrates some interactions between a gNB, and AMF (a 5GC Entity)
performed in the context of a transition of the tddn RRC_IDLE to RRC_CONNECTED
for the NAS part (see TS 38 300 v15.6.0).
[0139] The RRC is higher layer signaling (protgassed to configure the UE and gNB.
With this transition, the AMF prepares UE conteatad(which includes, for example, a PDU

session context, security key, UE Radio Capabilify, Security Capabilities, and the like)
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and sends it to the gNB with an INITIAL CONTEXT SBP REQUEST. Then, the gNB
activates the AS security with the UE.  This adiais performed by the gNB transmitting
to the UE a SecurityModeCommand message and ByEhesponding to the gNB with the
SecurityModeComplete message. Afterwards, the giBorms the reconfiguration to
setup the Signaling Radio Bearer 2, SRB2, and Rat#io Bearer(s), DRB(s) by means of
transmitting to the UE the RRCReconfiguration mgesand, in response, receiving by the
gNB the RRCReconfigurationComplete from the UE. r &signaling-only connection, the
steps relating to the RRCReconfiguration are sldpgiece SRB2 and DRBs are not set up.
Finally, the gNB informs the AMF that the setup gedure is completed with INITIAL
CONTEXT SETUP RESPONSE.
[0140] Thus, the present disclosure provides aG¢heration Core (5GC) entity (e.g.,
AMF, SMF, or the like) including control circuitryyhich, in operation, establishes a Next
Generation (NG) connection with a gNodeB, andmstnatter, which, in operation, transmits
an initial context setup message to the gNodeBheaNG connection such that a signaling
radio bearer between the gNodeB and a User EquiprfieR) is configured up.
Specifically, the gNodeB transmits Radio Resourcat®! (RRC) signaling including a
resource allocation configuration Information Eleth@E) to the UE via the signaling radio
bearer. Then, the UE performs an uplink transmimssir a downlink reception based on
the resource allocation configuration.
[0141] <Usage Scenarios of IMT for 2020 and beyond

FIG. 15 illustrates some of the use cases for 3 NIn 3rd generation partnership
project new radio (3GPP NR), three use cases ang bensidered that have been envisaged
to support a wide variety of services and applacetiby IMT-2020. The specification for
the phase 1 of enhanced mobile-broadband (eMBBYbkaa concluded. In addition to
further extending the eMBB support, the current datlire work would involve the

standardization for ultra-reliable and low-lateraymmunications (URLLC) and massive
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machine-type communications (mMTC). FIG. 15 iltagts some examples of envisioned
usage scenarios for IMT for 2020 and beyond (sge I@U-R M.2083 FIG. 21).

[0142] The URLLC use case has stringent requirésien capabilities such as throughput,
latency and availability. The URLLC use case hearnbenvisioned as one of the enablers
for future vertical applications such as wirelesstool of industrial manufacturing or
production processes, remote medical surgery,ilolisiton automation in a smart grid,
transportation safety, etc. Ultra-reliability fIdRLLC is to be supported by identifying the
techniques to meet the requirements set by TR 38.9Eor NR URLLC in Release 15, key
requirements include a target user plane laten@ms for UL (uplink) and 0.5 ms for DL
(downlink). The general URLLC requirement for drensmission of a packet is a BLER
(block error rate) of 1E-5 for a packet size ofi3®es with a user plane latency of 1 ms.
[0143] From the physical layer perspective, religbcan be improved in a number of
possible ways. The current scope for improvingreiebility involves defining separate
CQI tables for URLLC, more compact DCI formats,etjon of PDCCH, etc. However,
the scope may widen for achieving ultra-reliabilig the NR becomes more stable and
developed (for NR URLLC key requirements). Palttcuse cases of NR URLLC in Rel.
15 include Augmented Reality/Virtual Reality (AR/Y,Re-health, e-safety, and mission-
critical applications.

[0144] Moreover, technology enhancements targétgdNR URLLC aim at latency
improvement and reliability improvement.  Technglognhancements for latency
improvement include configurable numerology, noot-blased scheduling with flexible
mapping, grant free (configured grant) uplink, déxel repetition for data channels, and
downlink pre-emption. Pre-emption means that astrassion for which resources have
already been allocated is stopped, and the alrebwolyated resources are used for another
transmission that has been requested later, bubWwas latency/higher priority requirements.

Accordingly, the already granted transmission e-@mpted by a later transmission. Pre-
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emption is applicable independent of the particidarvice type. For example, a
transmission for a service-type A (URLLC) may be-pmpted by a transmission for a
service type B (such as eMBB). Technology enhaecgsnwith respect to reliability
improvement include dedicated CQI/MCS tables fertdrget BLER of 1E-5.

[0145] The use case of MMTC (massive machine ¢gpemunication) is characterized by
a very large number of connected devices typidadigsmitting a relatively low volume of
non-delay sensitive data. Devices are requirebdetdow cost and to have a very long
battery life. From NR perspective, utilizing vemgrrow bandwidth parts is one possible
solution to have power saving from UE perspectivé @nable long battery life.

[0146] As mentioned above, it is expected thasttgge of reliability in NR becomes wider.
One key requirement to all the cases, for exanipté)RLLC and mMTC, is high reliability
or ultra-reliability. Several mechanisms can imyarthe reliability from radio perspective
and network perspective. In general, there arevaldey potential areas that can help
improve the reliability. Among these areas are jgach control channel information,
data/control channel repetition, and diversity wiéispect to frequency, time and/or the
spatial domain. These areas are applicable &hikty improvement in general, regardless
of particular communication scenarios.

[0147] For NR URLLC, further use cases with tightequirements have been identified
such as factory automation, transport industryededtrical power distribution.  The tighter
requirements are higher reliability (up to 10—6d@yhigher availability, packet sizes of up
to 256 bytes, time synchronization down to the oade fewus where the value can be one
or a fewus depending on frequency range and short latentlyeirorder of 0.5 to 1 ms in
particular a target user plane latency of 0.5 rapedding on the use cases.

[0148] Moreover, for NR URLLC, several technologighancements from physical layer
perspective have been identified. Among thesdP&€CH (Physical Downlink Control

Channel) enhancements related to compact DCI, PD@pidtition, increased PDCCH
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monitoring. Moreover, UCI (Uplink Control Informah) enhancements are related to
enhanced HARQ (Hybrid Automatic Repeat Request) @8dl feedback enhancements.
Also PUSCH enhancements related to mini-slot leegiping and retransmission/repetition
enhancements are possible. The term “mini-sid&reeto a Transmission Time Interval
(TTI) including a smaller number of symbols thasia (a slot comprising fourteen symbols).
[0149] <QoS Control>

The 5G QoS (Quality of Service) model is base@®o® flows and supports both QoS
flows that require guaranteed flow bit rate (GBRSQitows) and QoS flows that do not
require guaranteed flow bit rate (non-GBR QoS Flow#At NAS level, the QoS flow is
thus the finest granularity of QoS differentiatiara PDU session. A QoS flow is identified
within a PDU session by a QoS flow ID (QFI) carriacan encapsulation header over NG-
U interface.
[0150] For each UE, 5GC establishes one or mord BBssions. For each UE, the NG-
RAN establishes at least one Data Radio Bearer |D&ither with the PDU Session, e.g.,
as illustrated above with reference to FIG. 14. rtikar, additional DRB(s) for QoS flow(s)
of that PDU session can be subsequently config(iresi up to NG-RAN when to do so).
The NG-RAN maps packets belonging to different Pigigsions to different DRBs. NAS
level packet filters in the UE and in the 5GC asstecUL and DL packets with QoS Flows,
whereas AS-level mapping rules in the UE and inNBeRAN associate UL and DL QoS
Flows with DRBs.
[0151] FIG. 16 illustrates a 5G NR non-roamingerefice architecture (see TS 23.501
v16.1.0, section 4.23). An Application FunctionH)Ae.g., an external application server
hosting 5G services, exemplarily described in FIB, interacts with the 3GPP Core
Network in order to provide services, for examplstipport application influence on traffic
routing, accessing Network Exposure Function (NBF)interacting with the Policy

framework for policy control (see Policy Controlriation, PCF), e.g., QoS control. Based
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on operator deployment, Application Functions cdesed to be trusted by the operator can
be allowed to interact directly with relevant Netw&unctions. Application Functions not
allowed by the operator to access directly the etvirunctions use the external exposure
framework via the NEF to interact with relevant Wetk Functions.

[0152] FIG. 16 illustrates further functional witf the 5G architecture, namely Network
Slice Selection Function (NSSF), Network Repositéignction (NRF), Unified Data
Management (UDM), Authentication Server FunctionU@¥), Access and Mobility
Management Function (AMF), Session Management kam¢SMF), and Data Network
(DN), e.g., operator services, Internet accesgaiparty services. All of or a part of the
core network functions and the application servibey be deployed and running on cloud
computing environments.

[0153] In the present disclosure, thus, an apitinaserver (for example, AF of the 5G
architecture), is provided that includes: a trartmiwhich, in operation, transmits a request
containing a QoS requirement for at least one oELUR eMMB and mMTC services to at
least one of functions (for example NEF, AMF, SRREF,UPF, etc.) of the 5GC to establish
a PDU session including a radio bearer betweenaagR and a UE in accordance with the
QoS requirement; and control circuitry, which, in operation, performs the services using the
established PDU session.

[0154] The present disclosure can be realized ditware, hardware, or software in
cooperation with hardware. Each functional blodedi in the description of each
embodiment described above can be partly or entiredlized by an LSI such as an
integrated circuit, and each process describetianeach embodiment may be controlled
partly or entirely by the same LSI or a combinatdr.Sls. The LSI may be individually
formed as chips, or one chip may be formed so asctade a part or all of the functional
blocks. The LSI may include a data input and outmupled thereto. The LSI herein

may be referred to as an IC, a system LSI, a sufé&ror an ultra LS| depending on a
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difference in the degree of integration.

[0155] However, the technique of implementing mtiegrated circuit is not limited to the
LS| and may be realized by using a dedicated d¢ireuigeneral-purpose processor, or a
special-purpose processor. In addition, a FPGAldAProgrammable Gate Array) that can
be programmed after the manufacture of the LSIm@canfigurable processor in which the
connections and the settings of circuit cells dsgabinside the LSI can be reconfigured may
be used. The present disclosure can be realiadigited processing or analogue processing.
[0156] If future integrated circuit technology tapes LSls as a result of the advancement
of semiconductor technology or other derivativéntextogy, the functional blocks could be
integrated using the future integrated circuit textbgy. Biotechnology can also be applied.
[0157] The present disclosure can be realizednyykind of apparatus, device or system
having a function of communication, which is regéetto as a communication apparatus.
The communication apparatus may comprise a trarescand processing/control circuitry.
The transceiver may comprise and/or function aseeiver and a transmitter. The
transceiver, as the transmitter and receiver, melyde an RF (radio frequency) module and
one or more antennas. The RF module may include ammplifier, an RF
modulator/demodulator, or the like. Some non-lingtexamples of such a communication
apparatus include a phone (e.g., cellular (celpnah smart phone), a tablet, a personal
computer (PC) (e.g., laptop, desktop, netbookpgraera (e.g., digital still/video camera), a
digital player (digital audio/video player), a wahle device (e.g., wearable camera, smart
watch, tracking device), a game console, a didgitalk reader, a telehealth/telemedicine
(remote health and medicine) device, and a velpidgiding communication functionality
(e.g., automotive, airplane, ship), and various lwo@tions thereof.

[0158] The communication apparatus is not limitede portable or movable, and may
also include any kind of apparatus, device or sydteing non-portable or stationary, such

as a smart home device (e.g., an appliance, lightimart meter, control panel), a vending
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machine, and any other “things” in a network of‘emernet of Things (loT).”

[0159] The communication may include exchangingdarough, for example, a cellular
system, a wireless LAN system, a satellite systdm, and various combinations thereof.
[0160] The communication apparatus may comprigk\dace such as a controller or a
sensor which is coupled to a communication dever&pming a function of communication
described in the present disclosure. For exantpke,communication apparatus may
comprise a controller or a sensor that generatesalsignals or data signals which are used
by a communication device performing a communicafienction of the communication
apparatus.

[0161] The communication apparatus also may irelad infrastructure facility, such as,
e.g., a base station, an access point, and any aeffgaratus, device or system that
communicates with or controls apparatuses sudinoge in the above non-limiting examples.
[0162] A reception apparatus according to one ¢lam embodiment of the present
disclosure includes: reception circuitry, which, @peration, receives a MAC Control
Element (MAC CE) and an offset value; and control circuitry, which, in operation, configures,
based on the offset value, a slot in which an adtimsed on a control command of the MAC
CE is started.

[0163] In one exemplary embodiment of the preskstlosure, based on a slot in which
the action in an uplink is started and the offsdtig, the control circuitry configures a slot
in which the action in a downlink is started.

[0164] In one exemplary embodiment of the presisitlosure, based on a transmission
timing of response information in response to aski® Downlink Shared Channel
(PDSCH) including the MAC CE, the control circuittgnfigures the slot in which the action
in the uplink is started.

[0165] In one exemplary embodiment of the pres#stiosure, based on a reception

timing of a Physical Downlink Shared Channel (PD3$@t¢luding the MAC CE and the
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offset value, the control circuitry configures atsh which the action in a downlink is started.
[0166] In one exemplary embodiment of the presisitlosure, based on a transmission
timing of response information in response to aski@ Downlink Shared Channel
(PDSCH) including the MAC CE, the control circuittgnfigures slots in which the action
in an uplink and a downlink is started.

[0167] A transmission apparatus according to abaeiment of the present disclosure
includes: control circuitry, which, in operatiorgrdigures, based on an offset value, a slot
in which an action based on a control command A& Control Element (MAC CE) is
started; and transmission circuitry, which, in operation, transmits the offset value and the
MAC CE.

[0168] A reception method according to one exemypkmbodiment of the present
disclosure includes steps performed by a receptpparatus of: receiving a MAC Control
Element (MAC CE) and an offset value; and configuring, based on the offset value, a slot in
which an action based on a control command of tA&NCE is started.

[0169] A transmission method according to one edany embodiment of the present
disclosure includes steps performed by a transomsgpparatus of: configuring, based on
an offset value, a slot in which an action base@ @ontrol command of a MAC Control
Element (MAC CE) is startie and transmitting the offset value and the MAC CE.

[0170] The present patent application claims thaedft of priority based on Japanese
Patent Application No. 2020-022830 filed with trepdnese Patent Office on February 13,
2020. The content of Japanese Patent Applicatmr2820-022830 is incorporated herein

by reference.

Industrial Applicability

[0171] One aspect of the present disclosure iRilf® radio communication systems.
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Reference Signs List

[0172]

100 Terminal

101 HARQ-ACK generator

102, 206 Data generator

103 Data transmission processor
104, 208 Radio transmitter

105, 201 Antenna

106, 202 Radio receiver

107, 203 Data reception processor
108 Location information obtainer
109 Timing controller

110, 209 Controller

200 Base station

204 Timing control information generator

205 MAC CE controller

207 Data transmission processor
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CLAIMS
Claim 1 A reception apparatus, comprising:
reception circuitry, which, in operation, receigeBAC Control Element (MAC CE)
and an offset value; and
control circuitry, which, in operation, configurdsased on the offset value, a slot in

which an action based on a control command of tA&NLE is started.

Claim 2 The reception apparatus according to clgimherein
based on a slot in which the action in an uplmistarted and the offset value, the

control circuitry configures a slot in which thetiaa in a downlink is started.

Claim 3 The reception apparatus according to cimherein
based on a transmission timing of response infooman response to a Physical
Downlink Shared Channel (PDSCH) including the MAE, @he control circuitry configures

the slot in which the action in the uplink is stakt

Claim 4 The reception apparatus according to clgimherein
based on a reception timing of a Physical Downl8kared Channel (PDSCH)
including the MAC CE and the offset value, the cohtircuitry configures a slot in which

the action in a downlink is started.

Claim5 The reception apparatus according to clgimherein
based on a transmission timing of response infooman response to a Physical
Downlink Shared Channel (PDSCH) including the MAE, €he control circuitry configures

slots in which the action in an uplink and a dowklis started.
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Claim 6 A transmission apparatus, comprising:

control circuitry, which, in operation, configurdsased on an offset value, a slot in
which an action based on a control command of a M&dadtrol Element (MAC CE) is
started; and

transmission circuitry, which, in operation, tramts the offset value and the MAC

CE.

Claim 7 A reception method, comprising steps pentx by a reception apparatus of:
receiving a MAC Control Element (MAC CE) and an offset value; and
configuring, based on the offset value, a slowvimch an action based on a control

command of the MAC CE is started.

Claim 8 A transmission method, comprising stepsfgoered by a transmission
apparatus of:

configuring, based on an offset value, a slot liclw an action based on a control
command of a MAC Contrdllement (MAC CE) is started; and

transmitting the offset value and the MAC CE.
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