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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to communication systems. More specifically, the present disclosure
relates to network controlled repeater (NCR) side information and configurations for semi-static UL transmissions with
configured grants.

BACKGROUND

[0002] Wireless communication devices have become smaller and more powerful in order to meet consumer needs
and to improve portability and convenience. Consumers have become dependent upon wireless communication devices
and have come to expect reliable service, expanded areas of coverage and increased functionality. A wireless commu-
nication system may provide communication for a number of wireless communication devices, each of which may be
serviced by a base station. A base station may be a device that communicates with wireless communication devices.
[0003] Aswireless communication devices have advanced, improvements in communication capacity, speed, flexibility
and/or efficiency have been sought. However, improving communication capacity, speed, flexibility and/or efficiency
may present certain problems.

[0004] For example, wireless communication devices may communicate with one or more devices using a communi-
cation structure. However, the communication structure used may only offer limited flexibility and/or efficiency. As illus-
trated by this discussion, systems and methods that improve communication flexibility and/or efficiency may be beneficial.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]

Figure 1 is a block diagram illustrating one implementation of one or more g Node Bs (gNBs) and one or more user
equipment (UEs) in which systems and methods for signaling may be implemented;

Figure 2 is an example of a block diagram of an NCR framework;

Figure 3 is a diagram showing uplink forwarding delay in a number of slots;

Figure 4 is a diagram showing uplink forwarding delay in a number of symbols;

Figure 5 is a diagram showing slot bitmap for CG forwarding timing indication;

Figure 6 is a diagram showing message/packet exchanges among the gNB, the NCR, and the UE;

Figure 7 is a diagram showing message/packet exchanges among the gNB, the NCR and the UE;

Figure 8 illustrates various components that may be utilized in a UE;

Figure 9 illustrates various components that may be utilized in a gNB;

Figure 10 illustrates various components that may be utilized in an NCR;

Figure 11 is a block diagram illustrating one implementation of a UE in which one or more of the systems and/or
methods described herein may be implemented;

Figure 12 is a block diagram illustrating one implementation of a gNB in which one or more of the systems and/or
methods described herein may be implemented;

Figure 13 is a block diagram illustrating one implementation of an NCR in which one or more of the systems and/or
methods described herein may be implemented;

Figure 14 is a block diagram illustrating one implementation of a gNB; and

Figure 15 is a block diagram illustrating one implementation of a UE.

DETAILED DESCRIPTION

[0006] A network controlled repeater (NCR) is described. The NCR includes receiving circuitry configured to receive
a radio resource control (RRC) configuration from a gNodeB (gNB) on a control link for a configured grant (CG), including
resource allocation with beam indication, and uplink (UL) forwarding delay information.

[0007] In some examples, the receiving circuitry may be further configured to determine that the CG is a type 1 by
receiving the ConfiguredGrantConfig-ncr including rrc-ConfiguredUplinkGrant-ncr. The receiving circuitry may also be
configured to determine a periodic UL resource on an access link. In further examples, the receiving circuitry may be
configured to receive and buffer a UL transmission from a user equipment (UE) on indicated resources with an indicated
beam index. The receiving circuitry may also be configured to determine a UL forwarding delay based on the RRC
configuration. In still yet further examples, the receiving circuitry may be configured to stop the CG if the RRC configuration
is received to deactivate the CG.
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[0008] The NCR may include transmitting circuitry configured to transmit a buffered signal from an access link on a
backhaul link with the UL forwarding delay after an end of a CG reception on the access link.

[0009] AgNodeB (gNB)is described. The gNB includes transmitting circuitry configured to configure network controlled
repeater (NCR) configured grant (CG) with radio resource control (RRC) signaling on a control link, wherein RRC
parameters of ConfiguredGrantConfig-ncr include rrc-ConfiguredUplinkGrant-ncr, and wherein information includes at
least resource allocation with beam indication, periodicity, and uplink (UL) forwarding delay information.

[0010] The transmitting circuitry of the gNB may be further configured to configure a CG for a user equipment (UE)
with RRC signaling on a backhaul link, wherein the RRC parameters of ConfiguredGrantConfig include rrc-Configure-
dUplinkGrant. The transmitting circuitry may further be configured to determine a periodic UL resource on the backhaul
link based on a CG configuration and a UL forwarding delay. In some examples, the transmitting circuitry may be
configured to transmit an RRC configuration to deactivate a CG to UE on backhaul link. In still further examples, the
transmitting circuitry may be configured to transmit the RRC configuration to deactivate a CG to NCR on control link.
[0011] The gNB may include receiving circuitry configured to receive a forwarded UL transmission from an NCR on
the backhaul link in configured resources.

[0012] A communication method of a network controlled repeater (NCR) is described. The communication method
may include receiving a radio resource control (RRC) configuration from a gNodeB (gNB) on a control link for a configured
grant (CG), including resource allocation with beam indication, and uplink (UL) forwarding delay information. The com-
munication method may also include using the RRC configurations in transmissions.

[0013] The 3rd Generation Partnership Project, also referred to as "3GPP," is a collaboration agreement that aims to
define globally applicable technical specifications and technical reports for third and fourth generation wireless commu-
nication systems. The 3GPP may define specifications for next generation mobile networks, systems and devices.
[0014] 3GPP Long Term Evolution (LTE) is the name given to a project to improve the Universal Mobile Telecommu-
nications System (UMTS) mobile phone or device standard to cope with future requirements. In one aspect, UMTS has
been modified to provide support and specification for the Evolved Universal Terrestrial Radio Access (E-UTRA) and
Evolved Universal Terrestrial Radio Access Network (E-UTRAN).

[0015] At least some aspects of the systems and methods disclosed herein may be described in relation to the 3GPP
LTE, LTE-Advanced (LTE-A), LTE-Advanced Pro and other standards (e.g., 3GPP Releases 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, and/or 18). However, the scope of the present disclosure should not be limited in this regard. At least some
aspects of the systems and methods disclosed herein may be utilized in other types of wireless communication systems.
[0016] A wireless communication device may be an electronic device used to communicate voice and/or data to a
base station, which in turn may communicate with a network of devices (e.g., public switched telephone network (PSTN),
the Internet, etc.). In describing systems and methods herein, a wireless communication device may alternatively be
referred to as a mobile station, a UE, an access terminal, a subscriber station, a mobile terminal, a remote station, a
user terminal, a terminal, a subscriber unit, a mobile device, etc. Examples of wireless communication devices include
cellular phones, smart phones, personal digital assistants (PDAs), laptop computers, netbooks, e-readers, wireless
modems, etc. In 3GPP specifications, a wireless communication device is typically referred to as a UE. However, as the
scope of the present disclosure should not be limited to the 3GPP standards, the terms "UE" and "wireless communication
device" may be used interchangeably herein to mean the more general term "wireless communication device." A UE
may also be more generally referred to as a terminal device.

[0017] In 3GPP specifications, a base station is typically referred to as a Node B, an evolved Node B (eNB), a home
enhanced or evolved Node B (HeNB), a g Node B (gNB) or some other similar terminology. As the scope of the disclosure
should not be limited to 3GPP standards, the terms "base station," "Node B," "eNB," "gNB" and "HeNB" may be used
interchangeably herein to mean the more general term "base station." Furthermore, the term "base station" may be used
to denote an access point. An access point may be an electronic device that provides access to a network (e.g., Local
Area Network (LAN), the Internet, etc.) for wireless communication devices. The term "communication device" may be
used to denote both a wireless communication device and/or a base station. An gNB may also be more generally referred
to as a base station device.

[0018] It should be noted that as used herein, a "cell" may be any communication channel that is specified by stand-
ardization or regulatory bodies to be used for International Mobile Telecommunications-Advanced (IMT-Advanced) or
IMT-2020, and all of it or a subset of it may be adopted by 3GPP as licensed bands or unlicensed bands (e.g., frequency
bands) to be used for communication between an eNB or gNB and a UE. It should also be noted that in E-UTRA and
E-UTRAN overall description, as used herein, a "cell" may be defined as "combination of downlink and optionally uplink
resources." The linking between the carrier frequency of the downlink resources and the carrier frequency of the uplink
resources may be indicated in the system information transmitted on the downlink resources.

[0019] The 5th generation communication systems, dubbed NR (New Radio technologies) by 3GPP, envision the use
of time/frequency/space resources to allow for services, such as eMBB (enhanced Mobile Broad-Band) transmission,
URLLC (Ultra Reliable and Low Latency Communication) transmission, and mMTC (massive Machine Type Communi-
cation) transmission. And, in NR, transmissions for different services may be specified (e.g., configured) for one or more
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bandwidth parts (BWPs) in a serving cell and/or for one or more serving cells. A user equipment (UE) may receive a
downlink signal(s) and/or transmit an uplink signal(s) in the BWP(s) of the serving cell and/or the serving cell(s).
[0020] In order for the services to use the time, frequency, and/or spatial resources efficiently, it would be useful to
be able to efficiently control downlink and/or uplink transmissions. Therefore, a procedure for efficient control of downlink
and/or uplink transmissions should be designed. Accordingly, a detailed design of a procedure for downlink and/or uplink
transmissions may be beneficial.

[0021] Figure 1 is a block diagram illustrating one implementation of one or more gNBs 160 and one or more UEs 102
in which systems and methods for signaling may be implemented. The one or more UEs 102 communicate with one or
more gNBs 160 using one or more physical antennas 122a-n. For example, a UE 102 transmits electromagnetic signals
to the gNB 160 and receives electromagnetic signals from the gNB 160 using the one or more physical antennas 122a-
n. The gNB 160 communicates with the UE 102 using one or more physical antennas 180a-n. In some implementations,
the term "base station," "eNB," and/or "gNB" may refer to and/or may be replaced by the term "Transmission Reception
Point (TRP)." For example, the gNB 160 described in connection with Figure 1 may be a TRP in some implementations.
[0022] TheUE 102andthe gNB 160 may use one or more channels and/or one or more signals 119, 121 to communicate
with each other. For example, the UE 102 may transmit information or data to the gNB 160 using one or more uplink
channels 121. Examples of uplink channels 121 include a physical shared channel (e.g., PUSCH (physical uplink shared
channel)) and/or a physical control channel (e.g., PUCCH (physical uplink control channel)), etc. The one or more gNBs
160 may also transmit information or data to the one or more UEs 102 using one or more downlink channels 119, for
instance. Examples of downlink channels 119 include a physical shared channel (e.g., PDSCH (physical downlink shared
channel) and/or a physical control channel (PDCCH (physical downlink control channel)), etc. Other kinds of channels
and/or signals may be used.

[0023] Each of the one or more UEs 102 may include one or more transceivers 118, one or more demodulators 114,
one or more decoders 108, one or more encoders 150, one or more modulators 154, a data buffer 104 and a UE
operations module 124. For example, one or more reception and/or transmission paths may be implemented in the UE
102. For convenience, only a single transceiver 118, decoder 108, demodulator 114, encoder 150 and modulator 154
are illustrated in the UE 102, though multiple parallel elements (e.g., transceivers 118, decoders 108, demodulators 114,
encoders 150 and modulators 154) may be implemented.

[0024] The transceiver 118 may include one or more receivers 120 and one or more transmitters 158. The one or
more receivers 120 may receive signals from the gNB 160 using one or more antennas 122a-n. For example, the receiver
120 may receive and downconvert signals to produce one or more received signals 116. The one or more received
signals 116 may be provided to a demodulator 114. The one or more transmitters 158 may transmit signals to the gNB
160 using one or more physical antennas 122a-n. For example, the one or more transmitters 158 may upconvert and
transmit one or more modulated signals 156.

[0025] The demodulator 114 may demodulate the one or more received signals 116 to produce one or more demod-
ulated signals 112. The one or more demodulated signals 112 may be provided to the decoder 108. The UE 102 may
use the decoder 108 to decode signals. The decoder 108 may produce decoded signals 110, which may include a UE-
decoded signal 106 (also referred to as a first UE-decoded signal 106). For example, the first UE-decoded signal 106
may comprise received payload data, which may be stored in a data buffer 104. Another signal included in the decoded
signals 110 (also referred to as a second UE-decoded signal 110) may comprise overhead data and/or control data. For
example, the second UE decoded signal 110 may provide data that may be used by the UE operations module 124 to
perform one or more operations.

[0026] In general, the UE operations module 124 may enable the UE 102 to communicate with the one or more gNBs
160. The UE operations module 124 may include one or more of a UE scheduling module 126.

[0027] The UE scheduling module 126 may perform downlink reception(s) and uplink transmission(s). The downlink
reception(s) include reception of data, reception of downlink control information, and/or reception of downlink reference
signals. Also, the uplink transmissions include transmission of data, transmission of uplink control information, and/or
transmission of uplink reference signals.

[0028] Also, in a carrier aggregation (CA), the gNB 160 and the UE 102 may communicate with each other using a
set of serving cells. Here a set of serving cells may include one primary cell and one or more secondary cells. For
example, the gNB 160 may transmit, by using the RRC message, information used for configuring one or more secondary
cells to form together with the primary cell a set of serving cells. Namely, the set of serving cells may include one primary
cell and one or more secondary cells. Here, the primary cell may be always activated. Also, the gNB 160 may activate
zero or more secondary cell within the configured secondary cells. Here, in the downlink, a carrier corresponding to the
primary cell may be the downlink primary component carrier (i.e., the DLPCC), and a carrier corresponding to a secondary
cell may be the downlink secondary component carrier (i.e., the DL SCC). Also, in the uplink, a carrier corresponding
to the primary cell may be the uplink primary component carrier (i.e., the UL PCC), and a carrier corresponding to the
secondary cell may be the uplink secondary component carrier (i.e., the UL SCC).

[0029] Also, in a single cell operation, the gNB 160 and the UE 102 may communicate with each other using one
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serving cell. Here, the serving cell may be a primary cell.

[0030] In aradio communication system, physical channels (uplink physical channels and/or downlink physical chan-
nels) may be defined. The physical channels (uplink physical channels and/or downlink physical channels) may be used
for transmitting information that is delivered from a higher layer and/or information that is generated from a physical layer.

PRACH

[0031] For example, in uplink, a PRACH (Physical Random Access Channel) may be defined. In some approaches,
the PRACH (e.g., as part of a random access procedure) may be used for an initial access connection establishment
procedure, a handover procedure, a connection re-establishment, a timing adjustment (e.g., a synchronization for an
uplink transmission, for UL synchronization) and/or for requesting an uplink shared channel (UL-SCH) resource (e.g.,
the uplink physical shared channel (PSCH) (e.g., PUSCH) resource).

PUCCH

[0032] In another example, a physical uplink control channel (PUCCH) may be defined. The PUCCH may be used for
transmitting uplink control information (UCI). The UCI may include hybrid automatic repeat request-acknowledgement
(HARQ-ACK), channel state information (CSl) and/or a scheduling request (SR). The HARQ-ACK is used for indicating
a positive acknowledgement (ACK) or a negative acknowledgment (NACK) for downlink data (e.g., Transport block(s),
Medium Access Control Protocol Data Unit (MAC PDU) and/or Downlink Shared Channel (DL-SCH)). The CSl is used
for indicating state of downlink channel (e.g., a downlink signal(s)). Also, the SR is used for requesting resources of
uplink data (e.g., Transport block(s), MAC PDU and/or Uplink Shared Channel (UL-SCH)).

[0033] Here, the DL-SCH and/or the UL-SCH may be a transport channel that is used in the MAC layer. Also, a
transport block(s) (TB(s)) and/or a MAC PDU may be defined as a unit(s) of the transport channel used in the MAC
layer. The transport block may be defined as a unit of data delivered from the MAC layer to the physical layer. The MAC
layer may deliver the transport block to the physical layer (e.g., the MAC layer delivers the data as the transport block
to the physical layer). In the physical layer, the transport block may be mapped to one or more codewords.

PDCCH

[0034] In downlink, a physical downlink control channel (PDCCH) may be defined. The PDCCH may be used for
transmitting downlink control information (DCI). Here, more than one DCI formats may be defined for DCI transmission
on the PDCCH. Namely, fields may be defined in the DCI format(s), and the fields are mapped to the information bits
(e.g., DCI bits).

PDSCH and PUSCH

[0035] A physical downlink shared channel (PDSCH) and a physical uplink shared channel (PUSCH) may be defined.
For example, in a case that the PDSCH (e.g., the PDSCH resource) is scheduled by using the DCI format(s) for the
downlink, the UE 102 may receive the downlink data, on the scheduled PDSCH (e.g., the PDSCH resource). Alternatively,
in a case that the PUSCH (e.g., the PUSCH resource) is scheduled by using the DCI format(s) for the uplink, the UE
102 transmits the uplink data, on the scheduled PUSCH (e.g., the PUSCH resource). For example, the PDSCH may be
used to transmit the downlink data (e.g., DL-SCH(s), a downlink transport block(s)). Additionally or alternatively, the
PUSCH may be used to transmit the uplink data (e.g., UL-SCH(s), an uplink transport block(s)).

[0036] Furthermore, the PDSCH and/or the PUSCH may be used to transmit information of a higher layer (e.g., a
radio resource control (RRC)) layer, and/or a MAC layer). For example, the PDSCH (e.g., from the gNB 160 to the UE
102) and/or the PUSCH (e.g., from the UE 102 to the gNB 160) may be used to transmit a RRC message (a RRC signal).
Additionally or alternatively, the PDSCH (e.g., from the gNB 160 to the UE 102) and/or the PUSCH (e.g., from the UE
102 to the gNB 160) may be used to transmit a MAC control element (a MAC CE). Here, the RRC message and/or the
MAC CE are also referred to as a higher layer signal.

SS/PBCH block

[0037] In some approaches, a physical broadcast channel (PBCH) may be defined. For example, the PBCH may be
used for broadcasting the MIB (master information block). Here, system information may be divided into the MIB and a
number of SIB(s) (system information block(s)). For example, the MIB may be used for carrying minimum system
information. Additionally or alternatively, the SIB(s) may be used for carrying system information messages.

[0038] In some approaches, in downlink, synchronization signals (SSs) may be defined. The SS may be used for



10

15

20

25

30

35

40

45

50

55

EP 4 369 628 A1

acquiring time and/or frequency synchronization with a cell. Additionally or alternatively, the SS may be used for detecting
a physical layer cell ID of the cell. SSs may include a primary SS and a secondary SS.

[0039] An SS/PBCH block may be defined as a set of a primary SS (PSS), a secondary SS (SSS) and a PBCH. In
the time domain, the SS/PBCH block consists of 4 OFDM symbols, numbered in terms of OFDM symboils in increasing
order from 0 to 3 within the SS/PBCH block, where PSS, SSS, and PBCH with associated demodulation reference signal
(DMRS) are mapped to symbols. One or more SS/PBCH blocks may be mapped within a certain time duration (e.g. 5
msec).

[0040] Additionally, the SS/PBCH block may be used for beam measurement, radio resource management (RRM)
measurement and radio link monitoring (RLM) measurement. Specifically, the secondary synchronization signal (SSS)
may be used for the measurement.

[0041] In the radio communication for uplink, UL RS(s) may be used as uplink physical signal(s). Additionally or
alternatively, in the radio communication for downlink, DL RS(s) may be used as downlink physical signal(s). The uplink
physical signal(s) and/or the downlink physical signal(s) may not be used to transmit information that is provided from
the higher layer where the information is used by a physical layer.

[0042] Here, the downlink physical channel(s) and/or the downlink physical signal(s) described herein may be assumed
to be included in a downlink signal (e.g., a DL signal(s)) in some implementations for the sake of simple descriptions.
Additionally or alternatively, the uplink physical channel(s) and/or the uplink physical signal(s) described herein may be
assumed to be included in an uplink signal (i.e. an UL signal(s)) in some implementations for the sake of simple descrip-
tions.

[0043] A network controlled repeater (NCR) can work as a physical layer repeater between a gNB and a UE.

[0044] Fora UE, semi-static UL transmissions can be configured with a configured grant (CG) to perform periodic UL
transmissions without dynamic DCI scheduling. The NCR cannot decode the packets between gNB and the UE. There-
fore, in order to support semi-static UL transmissions from UE, the gNB need to provide some side information to NCR
on the CG to perform the UL reception and forwarding functions.

[0045] Currently, how to configure the parameters fora CG on NCR is not defined yet. Also, new procedures to perform
semi-static UL transmissions on the NCR-Fwd should be specified accordingly.

[0046] To support semi-static UL transmissions from UEs, a NCR should be configured with separate configured
grants from UEs. The NCR CG should include at least the side information on UL resources on the access link, the type
of a CG, and an UL forwarding delay for NCR transmission on the backhaul link.

[0047] For the NCR CG resource allocation, the time domain information with beam indication includes at least the
starting time, duration per beam and periodicity. The frequency domain information may specify the starting PRB and
anumberof PRBs. In case of frequency hopping, a frequency hopping offset can be configured. The NCR CG configuration
includes UL resources on both the access link and the backhaul link. The UL resources on the access link is corresponding
to the UL CG transmission configured for the UE. The NCR should receive and buffer the UL transmission from the UE
on the indicated access link resources. The UL resources on the backhaul link is used to forward the buffered UL
transmissions from UE to the gNB.

[0048] The type of a CG can be configured explicitly, or implicitly determined by if the RRC signaling of the NCR grant
configuration ConfiguredGrantConfig-ncr includes the parameter rrc- ConfiguredUplinkGrant-ncr.

[0049] The UL forwarding delay can be configured with a separate parameter with a number of slots or a number of
symbols. Alternatively, it can be indicated by a second starting time, or a semi-static UL ON/OFF pattern.

[0050] The gNB and NCR procedures for semi-static UL transmissions are presented based on the type ofan NCR CG.
[0051] Fora Type 1 NCR CG, the gNB should separately configure a CG parameters to a UEs and the NCR vis higher
layer signaling. The RRC signaling is also used for CG activation and deactivation.

[0052] For a Type 2 NCR CG, beside separately configured CG parameters to a UEs and the NCR vis higher layer
signaling, the gNB also configures separate CS-RNTI-ncr for NCR CG activation and deactivation via PDCCH.

[0053] Coverage is a fundamental aspect of cellular network deployments. Mobile operators rely on different types of
network nodes to offer blanket coverage in their deployments. Deployment of regular full-stack cells is one option but it
may not be always possible (e.g., no availability of backhaul) or economically viable.

[0054] As aresult, new types of network nodes have been considered to increase mobile operators’ flexibility for their
network deployments. For example, Integrated Access and Backhaul (IAB) has been introduced as a new type of network
node not requiring a wired backhaul. Another type of network node is the RF repeater which simply amplify-and-forward
any signal that they receive. RF repeaters have seen a wide range of deployments in 2G, 3G and 4G to supplement the
coverage provided by regular full-stack cells.

[0055] While an RF repeater presents a cost effective means of extending network coverage, it has its limitations. An
RF repeater simply does an amplify-and-forward operation without being able to take into account various factors that
could improve performance. A network-controlled repeater is an enhancement over conventional RF repeaters with the
capability to receive and process side control information from the network. Side control information could allow a network-
controlled repeater to perform its amplify-and-forward operation in a more efficient manner. Potential benefits could
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include mitigation of unnecessary noise amplification, transmissions and receptions with better spatial directivity, and
simplified network integration.

[0056] The study on NR network-controlled repeaters, multiple side control information are investigated and some of
them (e.g., beam information, ON-OFF information, and TDD DL-UL configuration) are identified as necessary features
with detailed design on the signaling. Solutions on repeater management may be studied to enable the network integration.
[0057] The objectives of NR NCR may focus on scenarios and assumption listed below:

* Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands
e Foronly single hop stationary network-controlled repeaters

e The NCRis transparent to the UE

*  Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously

[0058] With these considerations, NR NCR supports the following features:

*  Specify the signaling and behavior of the following side control information for controlling the NCR-Fwd in the areas
of Beamforming, UL-DL TDD operation, and ON-OFF information.
*  Specify control plane signaling and procedures for the configuration of signaling for side control information indication.

[0059] Figure 2 is an example of a block diagram of an NCR 1628 framework. The NCR-MT 1621 (mobile termination)
is defined as a function entity to communicate with a gNB 1660 via Control link 1619 (C-link) to enable the information
exchanges (e.g. side control information). The C-link 1619 is based on NR UE interface. The side control information is
at least for the control of NCR-Fwd 1622 (forwarding).

[0060] The NCR-Fwd 1622 is defined as a function entity to perform the amplify-and-forwarding of UL/DL RF signal
between gNB 1660 and UE 1602 via backhaul link 1620 and access link 1623. The behavior of the NCR-Fwd 1622 will
be controlled according to the received side control information from gNB 1660. The NCR-Fwd 1622 includes the backhaul
link 1620 and the access link 1623.

[0061] The NCR 1628 can obtain the synchronization signals, e.g. SSBs and PBCH, MIB, and SIB, etc. on the NCR-
MT 1621 and/or NCR-Fwd 1622. Furthermore, the NCR 1628 can receive the side information on NCR local configuration
on control link 1619 with NCR-MT 1621.

[0062] The control link 1619 and the backhaul link 1620 at NCR 1628 can be performed simultaneously or in time
division multiplexing (TDM). Specifically:

* The DL of C-link 1619 and DL of backhaul link 1620 can be performed simultaneously (FDM) or in TDM way.

e The UL of C-link 1619 and UL of backhaul link 1620 can be performed in TDM way.

e Multiplexing is under the control of gNB 1660 with consideration for NCR 1628 capability.

*  Simultaneous transmission of the UL of C-link 1619 and UL of backhaul link 1620 is subject to NCR 1628 capability.

o FDM may be supported, but resource collision may occur between forwarded traffic and C-link 1619.
o If different subband regions are configured, then it is up to NCR 1628 capability.

[0063] Forthe TDD UL/DL configuration of network controller repeater (NCR 1628), at least semi-static TDD UL/DL
configuration is needed for network-controlled repeater for links including C-link 1619, backhaul link 1620 and access
link 1623. How to handle of flexible symbols should be studied further.

[0064] Note thatthe same TDD UL/DL configuration is always assumed for backhaul link 1620 and access link 1623.
Also, the same TDD UL/DL configuration is assumed for C-link 1619 and backhaul link 1620 and access link 1623 if
NCR-MT 1621 and NCR-Fwd 1622 are in the same frequency band. For the flexible symbol based on the semi-static
configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the default behavior of the NCR-Fwd
is expected to be OFF or not forwarding over these symbols. If dynamic DL/UL operation is supported by NCR-MT and/or
NCR-Fwd, the flexible symbols may follow the dynamic TDD indication from gNB 1660 to the NCR-MT and/or NCR-Fwd.
[0065] Additional side information can be signaled by the gNB 1660 to further determine the access link 1623 and
backhaul link 1620 transmissions within the DL and/or UL allocations.

[0066] Within the DL slots/symbols provided by the TDD UL/DL configurations, the NCR 1628 should further decide
the slots/symbols used as:

* Backhaul DL slots/symbols: the NCR 1628 receives the DL, if a slot/sym is indicated by gNB 1660 to be forwarded
on access link 1623, the NCR 1628 buffers the received DL signals.

* Access DL slots/symbols: if a slot/symbol is indicated by gNB 1660 to transmit as an access DL, the NCR 1628
transmits a previously buffered DL from gNB 1660 in the slot/symbol.
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[0067] Within the DL slots/symbols provided by the TDD UL/DL configurations, the NCR 1628 should further decide
the slots/symbols used as:

* Access UL slots/symbols: if a slot/symbol is indicated by gNB 1660 to receive an access UL, the NCR 1628 receives
a UL transmission on the access link, and buffers the UL signal.

* Backhaul UL slots/symbols: if a slot/symbol is indicated by gNB 1660 to forward signals from access link, the NCR
1628 transmits a buffered UL signal to the gNB 1660 in the slot/symbol.

Configured grant (CG) for periodic UL transmissions

[0068] To support ultra-reliable and low latency communication services (URLLC) applications, 5G-NR introduced
grant free uplink transmission feature a.k.a. transmission without grant, or configured grant (CG), i.e. data transmission
without resource request. Transmission without grant can avoid the regular handshake delay, e.g. sending the scheduling
request and waiting for UL grant allocation, and relax the stringent reliability requirements on control channels.

[0069] In 5G, PUSCH can be dynamically scheduled using following types of transmissions:

e UL grant in uplink DCI format DCI_0_0 or DCI_0_1
¢ UL grant in Random Access Response (RAR)
e Semi statically configured UL grant via RRC signaling

[0070] The present disclosure focuses on the semi-static UL transmissions with configured grant (CG), which enables
periodic UL transmissions from a UE without scheduling DCI for each PUSCH transmission.

[0071] There are two types of configured grant. For configured grant (CG) Type 1, uplink grant configuration, activa-
tion/deactivation provided by RRC signaling. RRC provides the grant configuration to UE through higher layer parameter
named as ConfiguredGrantConfig including the parameter rrc-ConfiguredUplinkGrant without the detection of any UL
grantin a DCI. There is no specific Activation/Release procedure provided for CG type1. RRC signaling with parameter
ConfiguredGrantConfig including the parameter rrc-ConfiguredUplinkGrant implicitly mean CG Type 1 activation. Also,
for release no dedicated Information Element (IE) is sent by network, in order to release the CG, network just sends
RRC reconfiguration release to UE.

[0072] Forconfigured grantType 2, Uplink grant configuration provided via RRC signaling and its activation/deactivation
via PDCCH grant (via UL DCls). In Type 2 an additional L1 signaling (Downlink Control Indication) is introduced, where
uplink is semi-persistently scheduled by an UL grant in a valid activation DCI. The Grant is activated and deactivated
through DCI scrambled with CS-RNTI. RRC only provides the higher layer parameter ConfiguredGrantConfig not in-
cluding rrc-ConfiguredUplinkGrant. The DCI signaling can enable fast modification of semi-persistently allocated re-
sources. CG Type 2 scheduling activation or scheduling release happens via successful validation of DCI format. If
validation is achieved, UE consider the information in the DCI format as valid activation or valid release of configured
UL grant Type 2.

[0073] The IE BWP-UplinkDedicated is used to configure the dedicated (UE specific) parameters of an uplink BWP.
The BWP-UplinkDedicated IE include configured grant configurations including:

* configuredGrantConfig: A Configured-Grant of type1 or type2. It may be configured for UL or SUL but in case of
type1 not for both at a time. Except for reconfiguration with sync, the NW does not reconfigure configuredGrantConfig
when there is an active configured uplink grant Type 2. However, the NW may release the configuredGrantConfig
at any time. Network can only configure configured grant in one BWP using either this field or configuredGrantCon-
figToAddModList.

* configuredGrantConfigToAddModList: Indicates a list of one or more configured grant configurations to be added
or modified for one BWP. Except for reconfiguration with sync, the NW does not reconfigure a Type 2 configured
grant configuration when it is active. The network configures multiple CG configurations for one BWP with either all
configurations or no configuration configured with cg-RetransmissionTimer-r16.

* configuredGrantConfigToReleaseList: Indicates a list of one or more UL Configured Grant configurations to be
released. The NW may release a configured grant configuration at any time.

* configuredGrantConfigType2DeactivationStateList: Indicates a list of the deactivation states in which each state
can be mapped to a single or multiple Configured Grant Type 2 configurations to be deactivated when the corre-
sponding deactivation DCI is received.

[0074] The IE ConfiguredGrantConfig is used to configure uplink transmission without dynamic grant according to two
possible schemes. The actual uplink grant may either be configured via RRC (type1) or provided via the PDCCH (ad-
dressed to CS-RNTI) (type2). Multiple Configured Grant configurations may be configured in one BWP of a serving cell.
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[0075]

-— ASNISTART

—— TAG-CONFIGUREDGRANTCONFIG-START

ConfiguredGrantConfig ::=
frequencyHopping

interSlot}

- Need S
cg-DMRS-Configuration
mcs—-Table

gam64LowSE}

-— Need S
mcs—-TableTransformPrecoder

gam64LowSE}

-— Need S
uci-OnPUSCH

OnPUSCH }

-— Need M

resourcelAllocation

SEQUENCE {
ENUMERATED {intrasSlot,
OPTIONAL, -

DMRS-UplinkConfig,
ENUMERATED {gam256,

OPTIONAL,

ENUMERATED {gam256,
OPTIONAL,

SetupRelease { CG-UCI-
OPTIONAL,

ENUMERATED

{ resourceARAllocationTypeO, resourceAllocationTypel,

dynamicSwitch 1},
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rbg-Size ENUMERATED {config2}
OPTIONAL, -—- Need S

powerControlLoopToUse ENUMERATED {n0O, nl},

pO0-PUSCH-Alpha PO-PUSCH-AlphaSetId,

transformPrecoder ENUMERATED {enabled,
disabled} OPTICNAL,
-- Need S

nrofHARQ-Processes INTEGER(1..106),

repk ENUMERATED {nl, n2,
n4, n8},

repK-RV ENUMERATED {s1-0231,
s2-0303, s3-0000} OPTICNAL,
-- Need R

periodicity ENUMERATED {

sym2, sym7,

symlxl4, sym2x14, symdxl4, symbxl4, sym8xl4, symlOx14,
symléxl4, sym20x14,
sym32x14,

symd40x14, sym64x14, sym80x14, syml28x14, syml60x14, sym256x14,

sym320x14, symbl2x14,
sym640x14,
syml1024x14, syml280x14, sym2560x14, sym5120x14,

symé6, symlxl2,

sym2x12, symdx12, sym5x12, sym8x12, symlOx12, symlo6xlZ2,
sym20x12, sym32x12,

symd0x12,
symb64x12, sym80x12, syml28x12, symlé60x12, sym256x12,
sym320x12, symbl2x12, sym640x12,

syml280x12,
sym2560x12
by
configuredGrantTimer INTEGER (1..64)
OPTIONAL, -— Need R
rrc-ConfiguredUplinkGrant SEQUENCE {

10
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timeDomainOffset INTEGER (0.

timeDomainAllocation INTEGER (0.

frequencyDomainAllocation BIT STRING
(SIZE(18)),

antennaPort INTEGER (0.

dmrs-SegInitialization INTEGER (O.
OPTIONAL, -— Need R

precodingAndNumberOfLayers INTEGER (O.

srs—-ResourceIndicator INTEGER (0.
OPTIONAL, -— Need R

mcsAndTBS INTEGER (O.

frequencyHoppingOffset INTEGER (1.

maxNrofPhysicalResourceBlocks-1)
OPTIONAL, -— Need R

pathlossReferencelndex INTEGER
(0. .maxNrofPUSCH-PathlossReferenceRSs-1),

.

[

pusch-RepTypeIndicator-rl6
RepTypeA, pusch-RepTypeB}

-— Need M

.5119),
.15),

.31),

.63),

.15)

.31),

ENUMERATED {pusch-

OPTIONAL,

frequencyHoppingPUSCH-RepTypeB-rl6 ENUMERATED

{interRepetition, interSlot}

OPTIONAL, -— Cond RepTypeB

timeReferenceSFN-rl6 ENUMERATED
{sfnb12}
OPTIONAL -— Need S

11y

[[

pathlossReferencelIndex2-rl7 INTEGER

(0. .maxNrofPUSCH-PathlossReferenceRSs-1)
OPTIONAL, -— Need R

srs—-ResourcelndicatorZ2-rl7 INTEGER
OPTIONAL, -- Need R

11

(0.

.15)
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precodingAndNumberOfLayers2-rl7 INTEGER (0..63)
OPTIONAL, -— Need R

timeDomainAllocation-v1710 INTEGER (16..63)
OPTIONAL, -—- Need M

timeDomainOffset-rl7 INTEGER (0..40959)
OPTIONAL, -—- Need R

cg-SDT-Configuration-rl7 CG-SDT-

Configuration-rl7

OPTIONAL -— Need M
1]

}

OPTIONAL, -—- Need R
.

[l

cg-RetransmissionTimer-rl6 INTEGER (1..64)
OPTIONAL, -— Need R

cg-minDFI-Delay-rl6 ENUMERATED

{sym7,
symlx1l4, sym2x14, sym3x1l4, symdx14, symbxl4, symé6x1l4, sym7/x14,
sym8x14,

sym9x14,
syml0x14, symllx14, syml2x14, syml3x14, symldx1l4,symlbx14,

syml6x14
}

OPTIONAL, -—- Need R

cg—-nrofPUSCH-InSlot-rl6 INTEGER (1..7)
OPTIONAL, -—- Need R

cg—-nrofSlots-rl6 INTEGER (1..40)
OPTIONAL, -—- Need R

cg-StartingOffsets-rl6 CG-

StartingOffsets-rl6
OPTIONAL, -- Need R

12
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cg-UCI-Multiplexing-rlé6
{enabled}
- Need R
cg-COT-SharingOffset-rl6
OPTIONAL, -—- Need R
betaOffsetCG-UCI-rl6
OPTIONAL, -— Need R
cg-COT-SharingList-rlé6
(1..1709)) OF CG-COT-Sharing-rlé6
Need R
harg-ProcID-Offset-rl6
OPTIONAL, -— Need M
harg-ProcID-Offset2-rlé6
OPTIONAL, -— Need M

configuredGrantConfigIndex-rlé

ConfiguredGrantConfigIndex-rl6
OPTIONAL, -- Cond CG-List

configuredGrantConfigIndexMAC-r16

ConfiguredGrantConfigIndexMAC-rl6
OPTIONAL, —-— Cond CG-IndexMAC
periodicityExt-rl6
OPTIONAL, -— Need R
startingFromRVO-rl16
off}
Need R
phy-PriorityIndex-rl6
pl}
Need R
autonomousTx-rlo
{enabled}
- Cond LCH-BasedPrioritization
11,
[

13

ENUMERATED
OPTIONAL,

INTEGER (1..39)

INTEGER (0..31)

SEQUENCE (SIZE
OPTIONAL, -

INTEGER (0..15)

INTEGER (0..15)

INTEGER (1..5120)

ENUMERATED {on,
OPTIONAL, -

ENUMERATED {pO,
OPTIONAL, --

ENUMERATED
OPTIONAL
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cg-betaOffsetsCrossPriO-rl7
{ BetaOffsetsCrossPriSelCG-rl7 1}
Need M
cg-betaOffsetsCrossPril-rl7
{ BetaOffsetsCrossPriSelCG-rl7 }
Need M
mappingPattern-rl7
{cyclicMapping, sequentialMapping}
- Cond SRSsets
sequenceOffsetForRV-rl17
OPTIONAL, -— Need R
pO-PUSCH-Alpha2-rl7
AlphaSetId
-- Need R
powerControlLoopToUse2-rl7
nl}
Need R
cg-COT-SharingList-r17
(1..50722)) OF CG-COT-Sharing-rl7
Need R
periodicityExt-rl7
OPTIONAL, -— Need R
repK-v1710
nle, n24, n32}

R
nrofHARQ-Processes-v1700
OPTIONAL, -— Need M
harg-ProcID-0Offset2-v1700
OPTIONAL, -— Need R
configuredGrantTimer-v1700
OPTIONAL, —-— Need R
cg-minDFI-Delay-v1710
(238..3584)

-— Need R

14

SetupRelease

OPTIONAL, --

SetupRelease

OPTIONAL, --

ENUMERATED
OPTIONAL, -

INTEGER (0..3)

PO-PUSCH-

OPTIONAL,

ENUMERATED {nO,
OPTIONAL, -=

SEQUENCE (SIZE
OPTIONAL, --=

INTEGER (1..40960)

ENUMERATED {nl2z,
OPTIONAL, -— Need

INTEGER (17..32)

INTEGER (16..31)

INTEGER (33..288)

INTEGER
OPTIONAL
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1]

CG-UCI-OnPUSCH ::= CHOICE {
dynamic
(1..4)) OF BetaOffsets,

semiStatic

CG-COT-Sharing-rl6¢ ::= CHOICE ({
noCOT-Sharing-rlé6
cot-Sharing-rlé

duration-rlé6
offset-rle

channelRAccessPriority-rlé

CG-COT-Sharing-r17 ::= CHOICE ({
noCOT-Sharing-rl7
cot-Sharing-rl7

duration-rl7

offset-rl7

CG-StartingOffsets-rleo ::= SEQUENCE {

cg-StartingFul 1BW-TnsideCOT-r1l6
(1..7)) OF INTEGER (0..6)

cg-StartingFullBW-OutsideCOT-rl6

(1..7)) OF INTEGER (0..0)

cg-StartingPartialBW-InsideCOT-rl6

OPTIONAL, -- Need R

15

SEQUENCE (SIZE

BetaOffsets

NULL,
SEQUENCE {
INTEGER (1..39),
INTEGER (1..39),
INTEGER (1..4)

NULL,
SEQUENCE {
INTEGER (1..319),
INTEGER (1..319)

SEQUENCE (SIZE

OPTIONAL, —-— Need R

SEQUENCE (SIZE

OPTIONAL, —-- Need R

INTEGER (0..0)
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cg-StartingPartialBW-OutsideCOT-rlé6 INTEGER (0..6)
OPTIONAL -— Need R
}
BetaOffsetsCrossPriSelCG-rl17 ::= CHOICE ¢{

dynamic-r17 SEQUENCE (SIZE (1..4)) OF

BetaOffsetsCrossPri-rl7,

semiStatic-rl7 BetaOffsetsCrossPri-rl7

CG-SDT-Configuration-r17 ::= SEQUENCE {

cg-SDT-RetransmissionTimer INTEGER (1..64)

OPTIONAL, -— Need R
sdt-SSB-Subset-rl7 CHOICE {
shortBitmap-rl7 BIT STRING (SIZE (4)),
mediumBitmap-rl7 BIT STRING (SIZE (8)),
longBitmap-rl7 BIT STRING (SIZE (64))
}
CPTIONAL, -- Need s

sdt-SSB-PerCG-PUSCH-r17 ENUMERATED {oneEighth,
onefFourth, half, one, two, four, eight, sixteen} OPTIONAL,

-- Need M
sdt-PO-PUSCH-r17 INTEGER (-16..15)
OCPTIONAL, —-- Need M
sdt-Alpha-rl7 ENUMERATED {alpha0, alphaO4,

alpha0b, alphaO6, alphalO7, alphaO08, alphal09, alphal} OPTIONAL,

-- Need M
sdt-DMRS-Ports-rl7 CHOICE {
dmrsTypel-rl7 BIT STRING (SIZE (8)),
dmrsType2-rl7 BIT STRING (SIZE (12))
}
OPTIONAL, -— Need M

sdt-NrofDMRS-Sequences-rl7 INTEGER (1..2)
OPTIONAL -— Need M

16
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—-— TAG-CONFIGUREDGRANTCONEFIG-STOP
-— ASN1STOP

[0076] The CG allows periodic UL transmissions without UL grant. For a PUSCH retransmission of a CG PUSCH, a
dynamic UL scheduling DCI can overwrite a CG transmission.

UE procedure for transmitting the physical uplink shared channel

[0077] PUSCH transmission(s) can be dynamically scheduled by a UL grant in a DCI, or the transmission can corre-
spond to a configured grant Type 1 or Type 2. The configured grant Type 1 PUSCH transmission is semi-statically
configured to operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-Configure-
dUplinkGrant without the detection of an UL grant in a DCI. The configured grant Type 2 PUSCH transmission is semi-
persistently scheduled by an UL grant in a valid activation DCI after the reception of higher layer parameter config-
uredGrantConfig not including rrc-ConfiguredUplinkGrant. If configuredGrantConfigToAddModList is configured, more
than one configured grant configuration of configured grant Type 1 and/or configured grant Type 2 may be active at the
same time on an active BWP of a serving cell.

PDCCH validation for DL SPS and UL grant Type 2

[0078] A UE validates, for scheduling activation or scheduling release, a DL SPS assignment PDCCH or a configured
UL grant Type 2 PDCCH if

* the CRC of a corresponding DCI format is scrambled with a CS-RNTI provided by cs-RNTI or a G-CS-RNTI provided
by g-cs-RNTI, and

¢ the new data indicator field in the DCI format for the enabled transport block is set to '0’, and

* the DFI flag field, if present, in the DCI format is set to '0’, and

e the time domain resource assignment field in the DCI format indicates a row with single SLIV, and

» ifvalidation is for scheduling activation and if the PDSCH-to-HARQ_ feedback timing indicator field in the DCI format
is present, the PDSCH-to-HARQ_feedback timing indicator field does not provide an inapplicable value from dI-
DataToUL-ACK-r16.

[0079] If a UE is provided a single configuration for UL grant Type 2 PUSCH or for SPS PDSCH, validation of the DCI
format is achieved if all fields for the DCI format are set according to required specifications.

[0080] If a UE is provided more than one configuration for UL grant Type 2 PUSCH or for SPS PDSCH, a value of the
HARQ process number field in a DCI format indicates an activation for a corresponding UL grant Type 2 PUSCH or for
a SPS PDSCH configuration with a same value as provided by ConfiguredGrantConfigindex or by sps-Configindex,
respectively. Validation of the DCI format is achieved if the RV field for the DCI format is set according to required
specifications.

[0081] If a UE is provided more than one configuration for UL grant Type 2 PUSCH or for SPS PDSCH

* ifthe UEis provided ConfiguredGrantConfigType2DeactivationStateList or sps-ConfigDeactivationStateList, a value
of the HARQ process number field in a DCI format indicates a corresponding entry for scheduling release of one or
more UL grant Type 2 PUSCH or SPS PDSCH configurations

* if the UE is not provided ConfiguredGrantConfigType2DeactivationStateList or sps-ConfigDeactivationStateL.ist, a
value of the HARQ process number field in a DCI format indicates a release for a corresponding UL grant Type 2
PUSCH or for a SPS PDSCH configuration with a same value as provided by ConfiguredGrantConfigindex or by
sps-Configindex, respectively

17
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Network controlled repeater (NCR) side information and configurations for semi-static UL transmissions with
configured grants

Semi-static UL transmission configuration for network-controlled repeater (NCR)

[0082] An NCRis a repeater, it performs physical signal receiving and forwarding without knowing the content of the
signals between the gNB and the UEs. Thus, the NCR cannot decode the physical channels, and cannot get information
on higher layer signaling between the UE and gNB either. Thus, the NCR does not have the configured grant information
at the UE configured by the gNB.

[0083] Inordertoperform grantfree semi-static UL transmissions from UEs, the gNB may provide some side information
to the NCR on the configured grants for the associated UEs.

[0084] The NCR CGs should be configured to NCR via control link. The NCR CGs can also be named as NCR-Fwd
CGs since it defines the resources for the NCR-Fwd function.

[0085] To define each CG configuration at NCR, the same information element names can be reused, e.g. config-
uredGrantConfig, and rrc-ConfiguredUplinkGrant. Alternatively, ncr specific names can be defined, e.g. configuredGrant-
Config-ncr, and rrc-ConfiguredUplinkGrant-ncr, or configuredGrantConfig-ncr-fwd, and rrc-ConfiguredUplinkGrant-ncr-
fwd, etc.

[0086] The configured grant (CG) list at NCR may be separately configured from UEs. To define the CG list for NCR,
the same information element names can be reused, e.g. configuredGrantConfigToAddModList, configuredGrantCon-
figToReleaseList, and configuredGrantConfigType2DeactivationStateList. Alternatively, ncr specific names can be de-
fined, e.g. configuredGrantConfigToAddModList-ncr, configuredGrantConfigToReleaseList-ncr, and
configuredGrantConfigType2DeactivationStateList-ncr; or configuredGrantConfigToAddModList-ncr-fwd,  config-
uredGrantConfigToReleaseList-ncr-fwd, and configuredGrantConfigType2DeactivationStateList-ncr-fwd, etc.

[0087] The NCR list includes the CGs configured for all UEs associated with the NCR. There may be a mapping
between a CG index at NCR and a CG index at a UE. Multiple CGs from one UE or from multiple UEs can be linked to
a single CG configuration at NCR. Also, the NCR does not need to know the identities of the UEs for the CGs.

[0088] The NCR CG indexes are configured independently and separately from the UEs. To define the CG indexes
for NCR, the same information element names can be reused, e.g. ConfiguredGrantConfigindex and ConfiguredGrant-
ConfigindexMAC. Alternatively, ncr specific names can be defined, e.g. ConfiguredGrantConfigindex-ncr and Config-
uredGrantConfigindexMAC-ncr; or ConfiguredGrantConfigindex-ncr-fwd and ConfiguredGrantConfigindexMAC-ncr-
fwd, etc.

Detailed content for NCR configured grant configuration

[0089] We use configuredGrantConfig-ncr to differentiate from existing configuration for UE. The gNB may provide
some side information to the NCR on the configured grants. The information may include the configuration and resource
on access link for the NCR to listen and buffer of UL transmission(s) from associated UE(s), and the configuration and
resource on backhaul link for the NCR to forward the received UL transmission(s) from UE(s) to the gNB.

[0090] The UE and NCR have the same understanding on the TDD UL/DL configuration. Both the UL resources on
the access link and the UL resources on the backhaul link should be allocated within the UL allocations determined by
the TDD UL/DL configurations.

[0091] Forthe UE, the UL CG configuration provides detailed parameters including resource allocation, DMRS, MCS,
HARQ-ACK processes, power control, etc., as provided above. The UL CG transmission from UE is transmitted on the
access link for NCR.

[0092] On the other hand, the NCR does not need to know the detailed parameter for the UL transmission. It only
needs to determine the time/frequency resources on access link to listen to for buffering the UL transmission from the
UE. Thus, the configured grant (CG) resource information for NCR can be simpler than that for a UE. Most of the
parameters in a CG configuration for UE is not needed for NCR.

[0093] Since the NCR performs amplify and forwarding of the received physical signals only, for a configured grant,
the same amounts of resources should be allocated on the access link and the backhaul link. However, additional
information is needed for NCR to perform the access link reception, e.g. the beam information should be additionally
signaled to NCR to align the reception to the configured grant transmission from the UE. In access link, the DL beam
and corresponding UL beam are associated with the same beam index. That is, in access link, a DL beam and a UL
beam which are correspondent with each other have the same beam index. The beam index should be included in the
CG configuration so that the NCR can align the reception with the right beam.

[0094] Theresource allocation with beam information for NCR on access link should be included in the configuredGrant-
Config-ncr, e.g. using the resourceAllocation information element structure. Since the NCR is a repeater, to forward a
CG transmission from a UE, the amount of resources allocated for forwarding on the backhaul link should be the same
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as the amount of resources allocated for UL reception on the access link. That is, the duration of the UL forwarding
transmission is the same on the backhaul link as the duration of UL reception configured on the access link. However,
the beam used on the backhaul link should be determined or configured separately from the beams configured for the
access link.

Method 1: NCR resource allocation includes time domain information only

[0095] In this method, the NCR may apply a single beam only on a symbol. The NCR receives the signal in the whole
BWP of the time domain resource indicated by the resource allocation without knowing the actual frequency domain
allocation for the CG. A timeDomainAllocation information element structure may be used.

[0096] The time domain resource allocation can be in slot level granularity or symbol level granularity. With a slot level
granularity, the NCR should receive and forward the signals of all symbols in an indicated slot. With a symbol level
granularity, the NCR should receive and forward the signals of only a set of symbols in an indicated slot.

[0097] In one case, only one beam is used in the CG time domain resources. The information of a CG in a slot should
include the beam index, the starting symbol, duration in a number of symbols, and the periodicity of the CG transmission
in a number of symbols.

[0098] In another case, more than one beams can be used in the CG time domain resources. The information of a
CG in a slot should include the beam indexes, the starting symbol and duration in a number of symbols per beam, and
the periodicity of the CG transmission in a number of symbols.

Method 2: NCR resource allocation includes time domain information and frequency domain information

[0099] With Method 1, the NCR receives and forwards the signals from the whole bandwidth part (BWP) on backhaul
link. The signals outside the actual CG transmission from the UE will cause extra interference other UL transmissions
to the gNB. Furthermore, the reception and forwarding of the signals outside the CG transmission will lead to poor power
efficiency.

[0100] Toreduce theinterference, and to enhance potential power managementatNCR, the CG may include frequency
domain allocation information beside the time domain allocation in Method 1. A frequencyDomainAllocation information
element structure may be used. Thus, the NCR only needs to listen, buffer and forward the indicated resource blocks
(RBs) within the BWP. Furthermore, the NCR may allocate higher transmit power to the allocated CG resource to achieve
better performance.

[0101] For example, the frequency domain allocation for an NCR CG configuration may include a starting RB index
and a number of RBs for the CG. In case of frequency hopping is configured, a frequencyHoppingOffset should be
configured. Alternatively, a second RB index may be included.

[0102] Moreover, the type of the NCR configured grant should be indicated implicitly or explicitly. Currently, the CG
type is determined by whether rrc-ConfiguredUplinkGrant is present in the RRC configuration.

[0103] In one approach, a parameter of cg-type can be configured with 0 or 1 to explicitly indicate Type 1 or Type 2.
In another approach, the CG type is implicitly derived based on whether rrc-ConfiguredUplinkGrant-ncr is included in
the RRC configuration or not.

[0104] If the RRC conconfiguraiton of higher layer parameters of ConfiguredGrantConfig-ncr including rrc-Configure-
dUplinkGrant-ncr, the CG is a Type 1 configured grant. And a Type 1 CG is activated and deactived via RRC. The rrc-
ConfiguredUplinkGrant-ncr should include additional time domain allocation information, such as timeDomainOffset and
timeDomainAllocation. The rrc-ConfiguredUplinkGrant-ncr may also include additional frequency domain allocation in-
formation, such as frequencyDomainAllocation.

[0105] If the RRC configuration of higher layer parameters of ConfiguredGrantConfig-ncr not including rrc-Configure-
dUplinkGrant-ncr, the CG is a Type 2 configured grant. And a Type 2 CG is activated and deactivated via the PDCCH.
For DCI activation and deactivation of Type 2 CG, the gNB should separately configure the NCR or NCR-MT with a CS-
RNTI provided by cs-RNTI (or cs-RNTI-ncr) or a G-CS-RNTI provided by g-cs-RNTI (or g-cs-RNTI-ncr)

[0106] Furthermore, an uplink forwarding delay information should be defined between the end of access link reception
to the backhaul link transmission. The UL forwarding delay can be signaled implicitly or explicitly. Since the NCR is a
repeater, to forward a CG transmission from a UE, the amount of resources allocated for forwarding on the backhaul
link should be the same as the amount of resources allocated for UL reception on the access link.

Method 1: specify a UL forwarding delay parameter with higher layer signaling
[0107] Figure 3 is a diagram 3000 showing uplink forwarding delay in a number of slots. The CG configuration con-

figuredGrantConfig-ncr may also include a UL forwarding delay parameter (e.g. ul-delay-ncr, or ul-delay-ncr-fwd, or ncr-
fwd-ul-delay, etc.) to determine the time resources for uplink forwarding on the backhaul link. The parameter define the
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time between the UL transmissions received by the NCR on the access link and the UL transmissions forwarded by the
NCR on the backhaul link.

[0108] In one approach, the UL forwarding delay may be configured with a number of slots k. For a CG transmission
from a UE in slot n on the access link, the NCR forwards the received signal in slot n+k to the gNB on the backhaul link.
In one case, the same time domain and frequency domain resources are used in both slots for the CG, as shown in
Figure 3 example (a). In another case, additional time domain offset can be configured in a separate parameter, e.g.
timeDomainOffset, to adjust the position of the CG forwarding transmission in slot n+k, as shown in Figure 3 example
(b). The offset value may be positive or negative. If a slot level granularity is used for the time domain resource allocation,
the slot level forwarding delay is sufficient, and the delay offset within a slot is not applicable. If a symbol level granularity
is used for the time domain resource allocation, the delay offset within a slot may be applicable besides the number of
slots delay parameter.

[0109] Figure 4 is a diagram 4000 showing uplink forwarding delay in a number of symbols. In another approach, the
UL forwarding delay may be configured with a number of symbols N. For a CG transmission from a UE on the access
link, the NCR forwards the received signals to gNB on the backhaul link N symbols after the end of CG transmission on
the access link, as shown in Figure 4.

[0110] The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the
NCR-Fwd) by the internal delay. The internal delay includes the switching time and processing time for the NCR for-
warding. Thus, it is possible to have N=0 for immediate forwarding of a UL transmission from UE to the gNB, as shown
in Figure 4. Define the UL forwarding delay in a number of symbols may reduce the latency of a CG transmission.
[0111] The symbol level delay is more suitable if a symbol level granularity is used for the time domain resource
allocation. If a slot level granularity is used for the time domain resource allocation, the symbol level forwarding delay
may not be necessary since a single transmission should be confined within a slot, i.e. not cross a slot boundary.
[0112] In one solution, a single UL forwarding delay RRC parameter is configured applied to all CGs.

[0113] Inanothersolution, the UL forwarding delay parameter can be configured separately for each CG. The parameter
values can be the same or different for different CGs on the NCR.

Method 2: define a second starting time in the NCR CG configuration

[0114] The access link resource allocation in time domain is defined by information including the beam indexes, the
starting symbol and duration in a number of symbols per beam, and the periodicity, etc. A second starting time (e.g.
startingsym-ncr, startingsym-ncr-fwd, etc.) can be configured in the configuredGrantConfig-ncr or rrc-ConfiguredUplink-
Grant-ncr of the CG.

[0115] The second starting time define the starting symbol used for NCR forwarding on the backhaul link. The second
starting time should be later than or align with the ending time of the CG access link resource allocation. The gap between
the second starting time and the ending time of the CG access link resource allocation defines the UL forwarding delay.
Since the NCR is a repeater, to forward a CG transmission from a UE, the amount of resources allocated for forwarding
on the backhaul link should be the same as the amount of resources allocated for UL reception on the access link. That
is, the duration of the UL forwarding transmission is the same on the backhaul link as the duration of UL reception
configured on the access link.

Method 3: specify semi-static ON/OFF bitmap(s) for the for NCR access link and backhaul link transmissions

[0116] A bit map is configured to indicate the ON slots for NCR-fwd on access link and backhaul link. The bitmap is
more suitable for slot level UL forwarding delay. If the bitmap is configured at symbol level, the bitmap will be redundant
with the time domain allocation information.

[0117] Figure 5 is a diagram 5000 showing slot bitmap for CG forwarding timing indication. In one approach, a single
bitmap is signaled. The length of the bitmap can be the same as the periodicity of the CG. Alternatively, the length of
the bitmap may include only the UL allocations in the periodicity. The bitmap may only have 2 UL slots indicated as ON
by bit "1" for a CG, as shown in Figure 5.

[0118] The first ON slot is used for access link transmission from the UE, and the second ON slot is used for NCR
forwarding on the backhaul link to gNB.

[0119] In another approach, two separate bitmaps may be signaled. The first bitmap indicates ON slot(s) for the CG
transmissions on the access link. The second bitmap indicate ON slot(s) for the NCR forwarding of the CG transmissions
onthe backhaullink. The two bitmaps provide a one-to-one ON slot mapping between the access link and the backhaullink.
[0120] For all the uplink forwarding delay indication methods, the beam information for the backhaul link may be
optionally and/or additionally configured in the NCR CG configuration. Normally, the NCR backhaul link beam can be
determined by control link or by explicit indication. Since the NCR is in fixed location to a gNB, the beam direction and
condition could be quite stable. Thus, a higher layer configured beam may be sufficient.
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[0121] Similarly, the backhaul beam index may be included in the NCR CG configuration for the UL resources on the
backhaul link. A single backhaul beam may be configured for the backhaul link resource even if one or multiple beams
are configured for the access link. Additionally, the gNB may configure more than one beams for the backhaul link
resources, the number of beams and the duration of each beam on the backhaul link resources should be configured
separately from the UL resources of the access link, i.e. the backhaul link beams use different beam indexes that are
numbered separately from NCR beams.

[0122] In summary, an NCR CG configuration should include at least the following side information

¢ Resource allocation with beam information and periodicity
e The type of a configured grant, i.e. Type 1 or Type 2
e Forwarding delay information

Network controlled repeater (NCR) procedures to support Type 1 configured grants
Type 1 CG procedure for NCR and gNB

[0123] ForaType 1 CG, the gNB uses RRC configuration to start/stop the CG from a UE. Since the NCR is transparent
to the UE, the UE follows the CG configuration and transmit on the access link in the indicated UL resources. No new
UE behavior is needed.

[0124] The NCR cannot decode the RRC information and physical signals between the gNB and a UE. To support a
CG on a UE, the NCR should be configured with a corresponding NCR CG to receive the CG transmissions from the
UE, and to forward the CG signals to gNB on the backhaul link. Thus, parallel RRC signaling on NCR CG configuration
should be issued to NCR bedside RRC signaling on CG configuration to the UE.

[0125] The order of RRC configuration for NCR and the RRC configuration for UE can be flexible if the procedure can
be completed before the actual CG transmission.

[0126] Figure 6 is a diagram 6000 showing the message/packet exchanges among the gNB, the NCR and the UE.
Figure 6 illustrates Type 1 CG configuration and transmission with NCR. The NCR control link is the link between the
gNB and the NCR used for control information to and from NCR. The NCR backhaul link is the link between the gNB
and the NCR used for data forwarding to and from the gNB. The NCR access link is the link between the NCR and the
UE used for data forwarding to and from the UE.

[0127] The detailed procedures and behaviors of the NCR are given below.

NCR behavior
[0128]

1. Receive a RRC configuration from gNB on the control link for a configured grant, including resource allocation
with beam indication, and a UL forwarding delay information; (note: the NCR forwarding of the PDSCH with RRC
configuration for UE may follow a separate dynamic DL forwarding procedure, which is not included here)

2. Determine the configured grantis Type 1 by receiving the ConfiguredGrantConfig-ncr including rrc-ConfiguredU-
plinkGrant-ncr;

3. Determine the periodic UL resource on access link; and

4. Receive and buffer the UL transmission from UE on the indicated resources with the indicated beam index;

5. Determine the UL forwarding delay based on the RRC configuration; and

6. Transmit the buffered signal from access link on the backhaul link with the UL forwarding delay after the end of
the CG reception on the access link;

7. Stop the CG if a RRC configuration is received to deactivate the CG.

[0129] The detailed procedures and behaviors of the gNB are given below.

gNB behavior

[0130]
1. Transmit a RRC configuration on a Type 1 configured grant to NCR on the control link with the ConfiguredGrant-
Config-ncr including rrc-ConfiguredUplinkGrant-ncr. The information includes at least resource allocation with beam

indication, periodicity and a UL forwarding delay information.
2. Transmita RRC configuration on the Type 1 configured grant to UE on the backhaul link with the ConfiguredGrant-
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Configincluding rrc-ConfiguredUplinkGrant. (Note: Step 1 and 2 can be switched as long as both steps are performed
before the CG transmission from UE. The NCR forwarding of the PDSCH with RRC configuration for UE may follow
a separate dynamic DL forwarding procedure, and is not included here.)

3. Determine the periodic UL resource on the backhaul link based on the CG configuration and the UL forwarding
delay;

4. Receive the forwarded UL transmission from NCR on the backhaul link in the configured resources.

5. Transmit a RRC configuration to deactivate the configured grant to UE on the backhaul link.

6. Transmit a RRC configuration to deactivate the configured grant to NCR on the control link. (Note: Step 5 and 6
can be switched as long as both steps are performed before the next CG transmission from UE.

Network controlled repeater (NCR) procedures to support Type 2 configured grants
Type 2 CG procedures for NCR and gNB

[0131] Fora Type 2 CG, the gNB uses RRC configuration to configure the CG, but the activation and deactivation of
a CGindex s indicated by the HARQ-ACK index in a activation/deactivation DCI. The CG indexes at the UE is configured
separately from the CG indexes at the NCR. Since the NCR may support multiple UEs, the number of CGs in the CG
indexes at NCR may be much larger than that at a UE.

[0132] Since the NCR is transparent to the UE, the UE follows the CG configuration and DCI activation/deactivation
to transmit on the access link in the indicated UL resources. No new UE behavior is needed.

[0133] The NCR cannot decode the RRC information and physical signals between the gNB and a UE. To support a
CG on a UE, the NCR should be configured with a corresponding NCR CG to receive the CG transmissions from the
UE, and to forward the CG signals to gNB on the backhaul link. Thus, parallel RRC signaling on NCR CG configuration
should be issued to NCR bedside RRC signaling on CG configuration to the UE.

[0134] Furthermore, Type 2 CG supports fast response with activation and deactivation by PDCCH at UE. Thus, the
corresponding Type 2 NCR CG should also support activation and deactivation by DCI via PDCCH on the control link.
[0135] With separate CG indexes at NCR, the activation and deactivation of a CG at NCR may need separate DCls
with separate CG indexes for the UE and NCR respectively.

[0136] With separate configured CGs at NCR, the gNB should also separately configure the NCR or NCR-MT with a
NCR CS-RNTI provided by cs-RNTI (or cs-RNTI-ncr)or a NCR G-CS-RNTI provided by g-cs-RNTI (or g-cs-RNTI-ncr).
[0137] The order of RRC configuration for NCR and the RRC configuration for UE can be flexible as long as both are
configured before the CG activation/deactivation by DCI. The order of DCI activation and deactivation for UE and NCR
can be flexible as long as both are signaled and processed before the CG transmission from the UE.

[0138] Figure 7 is a diagram 7000 showing message/packet exchanges among the gNB, the NCR and the UE. Figure
7 illustrates Type 1 CG configuration and transmission with NCR.

[0139] The detailed procedures and behaviors of the NCR are given below.

NCR behavior
[0140]

1. Receive a RRC configuration from gNB on the control link for a configured grant, including resource allocation
with beam indication, a UL forwarding delay information, and a NCR CS-RNTI provided by cs-RNTI (or cs-RNTI-
ncr) or a NCR G-CS-RNTI provided by g-cs-RNTI (or g-cs-RNTI-ncr);

2. Determine the configured grant is Type 2 by receiving the ConfiguredGrantConfig-ncr not including rrc-Config-
uredUplinkGrant-ncr;

3. Monitor the PDCCH, receive and validate an activation DCI for the configured grant;

4. Determine the periodic UL resource on access link; and

5. Receive and buffer the UL transmission from UE on the indicated resources with the indicated beam index;

6. Determine the UL forwarding delay based on the RRC configuration; and

7. Transmit the buffered signal from access link on the backhaul link with the UL forwarding delay after the end of
the CG reception on the access link.

8. Monitor the PDCCH, receive and validate a deactivation DCI for the configured grant;

9. Stop the CG if a deactivation DCI for the configured grant is received.

[0141] The detailed procedures and behaviors of the gNB are given below.
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gNB behavior
[0142]

1. Transmit a RRC configuration on the control link for a Type 2 configured grant to NCR with the ConfiguredGrant-
Config-ncr not including rrc-ConfiguredUplinkGrant-ncr. The information includes at least resource allocation with
beam indication, periodicity, a UL forwarding delay information, and an NCR CS-RNTI.

2. Transmit a RRC configuration on the backhaul link for a Type 2 configured grant to UE with the ConfiguredGrant-
Config not including rrc-ConfiguredUplinkGrant. (Note: Step 1 and 2 can be switched as long as both steps are
performed before the DCI activation for the UE and the NCR. The NCR forwarding of the PDSCH with RRC con-
figuration for UE may follow a separate dynamic DL forwarding procedure, which is not included here.)

3. Transmit a PDCCH for NCR CG activation for the NCR configured grant to the NCR on the control link; and

4. Transmit a PDCCH for CG activation for the UE configured grant to the UE on the backhaul link; and (Note: Step
3 and 4 can be switched as long as both activation DCls are delivered before the start of CG transmission from the
UE. The NCR forwarding of the PDCCH for UE may follow a separate dynamic DL forwarding procedure, which is
not included here.)

5. Determine the periodic UL resource on the backhaul link based on the CG configuration and the UL forwarding
delay;

6. Receive the forwarded UL transmission from NCR on the backhaul link in the configured resources.

7. Transmit a PDCCH for CG deactivation for the UE configured grant to the UE on the backhaul link to deactivate
the CG; and

8. Transmit a PDCCH for NCR CG deactivation for the NCR configured grant to the NCR on the control link to
deactivate the CG. (Note: Step 7 and 8 can be switched as long as both steps are performed before the next CG
transmission from UE. The NCR forwarding of the PDCCH for UE may follow a separate dynamic DL forwarding
procedure, which is not included here.)

[0143] Figure 8 illustrates various components that may be utilized in a UE 1002. The UE 1002 described in connection
with Figure 8 may be implemented in accordance with the UE 102 described in connection with Figure 1. The UE 1002
includes a processor 1003 that controls operation of the UE 1002. The processor 1003 may also be referred to as a
central processing unit (CPU). Memory 1005, which may include read-only memory (ROM), random access memory
(RAM), a combination of the two or any type of device that may store information, provides instructions 1007a and data
1009a to the processor 1003. A portion of the memory 1005 may also include non-volatile random access memory
(NVRAM). Instructions 1007b and data 1009b may also reside in the processor 1003. Instructions 1007b and/or data
1009b loaded into the processor 1003 may also include instructions 1007a and/or data 1009a from memory 1005 that
were loaded for execution or processing by the processor 1003. The instructions 1007b may be executed by the processor
1003 to implement the methods described herein.

[0144] The UE 1002 may also include a housing that contains one or more transmitters 1058 and one or more receivers
1020 to allow transmission and reception of data. The transmitter(s) 1058 and receiver(s) 1020 may be combined into
one or more transceivers 1018. One or more antennas 1022a-n are attached to the housing and electrically coupled to
the transceiver 1018.

[0145] The various components of the UE 1002 are coupled together by a bus system 1011, which may include a
power bus, a control signal bus and a status signal bus, in addition to a data bus. However, for the sake of clarity, the
various buses are illustrated in Figure 8 as the bus system 1011. The UE 1002 may also include a digital signal processor
(DSP) 1013 for use in processing signals. The UE 1002 may also include a communications interface 1015 that provides
user access to the functions of the UE 1002. The UE 1002 illustrated in Figure 8 is a functional block diagram rather
than a listing of specific components.

[0146] Figure 9 illustrates various components that may be utilized in a gNB 1160. The gNB 1160 described in con-
nection with Figure 9 may be implemented in accordance with the gNB 160 described in connection with Figure 1. The
gNB 1160 includes a processor 1103 that controls operation of the gNB 1160. The processor 1103 may also be referred
to as a central processing unit (CPU). Memory 1105, which may include read-only memory (ROM), random access
memory (RAM), a combination of the two or any type of device that may store information, provides instructions 1107a
and data 1109a to the processor 1103. A portion of the memory 1105 may also include non-volatile random access
memory (NVRAM). Instructions 1107b and data 1109b may also reside in the processor 1103. Instructions 1107b and/or
data 1109b loaded into the processor 1103 may also include instructions 1107a and/or data 1109a from memory 1105
that were loaded for execution or processing by the processor 1103. The instructions 1107b may be executed by the
processor 1103 to implement the methods described herein.

[0147] The gNB 1160 may also include a housing that contains one or more transmitters 1117 and one or more
receivers 1178 to allow transmission and reception of data. The transmitter(s) 1117 and receiver(s) 1178 may be combined
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into one or more transceivers 1176. One or more antennas 1180a-n are attached to the housing and electrically coupled
to the transceiver 1176.

[0148] The various components of the gNB 1160 are coupled together by a bus system 1111, which may include a
power bus, a control signal bus and a status signal bus, in addition to a data bus. However, for the sake of clarity, the
various buses are illustrated in Figure 9 as the bus system 1111. The gNB 1160 may also include a digital signal processor
(DSP) 1113 for use in processing signals. The gNB 1160 may also include a communications interface 1115 that provides
user access to the functions of the gNB 1160. The gNB 1160 illustrated in Figure 9 is a functional block diagram rather
than a listing of specific components.

[0149] Figure 10 illustrates various components that may be utilized in an NCR 1560. The NCR 1560 described in
connection with Figure 10 may be implemented in accordance with the NCR described herein. The NCR 1560 includes
a processor 1503 that controls operation of the NCR 1560. The processor 1503 may also be referred to as a central
processing unit (CPU). Memory 1505, which may include read-only memory (ROM), random access memory (RAM), a
combination of the two or any type of device that may store information, provides instructions 1507a and data 1509a to
the processor 1503. A portion of the memory 1505 may also include non-volatile random access memory (NVRAM).
Instructions 1507b and data 1509b may also reside in the processor 1503. Instructions 1507b and/or data 1509b loaded
into the processor 1503 may also include instructions 1507a and/or data 1509a from memory 1505 that were loaded for
execution or processing by the processor 1503. The instructions 1507b may be executed by the processor 1503 to
implement the methods described herein.

[0150] The NCR 1560 may also include a housing that contains one or more transmitters 1517 and one or more
receivers 1578 to allow transmission and reception of data. The transmitter(s) 1517 and receiver(s) 1578 may be combined
into one or more transceivers 1576. One or more antennas 1580a-n are attached to the housing and electrically coupled
to the transceiver 1576.

[0151] The various components of the NCR 1560 are coupled together by a bus system 1511, which may include a
power bus, a control signal bus and a status signal bus, in addition to a data bus. However, for the sake of clarity, the
various buses are illustrated in Figure 10 as the bus system 1511. The NCR 1560 may also include a digital signal
processor (DSP) 1513 for use in processing signals. The NCR 1560 may also include a communications interface 1515
that provides user access to the functions of the NCR 1560. The NCR 1560 illustrated in Figure 10 is a functional block
diagram rather than a listing of specific components.

[0152] Figure 11 is a block diagram illustrating one implementation of a UE 1202 in which one or more of the systems
and/or methods described herein may be implemented. The UE 1202 includes transmit means 1258, receive means
1220 and control means 1224. The transmit means 1258, receive means 1220 and control means 1224 may be configured
to perform one or more of the functions described in connection with Figure 1 above. Figure 8 above illustrates one
example of a concrete apparatus structure of Figure 11. Other various structures may be implemented to realize one or
more of the functions of Figure 1. For example, a DSP may be realized by software.

[0153] Figure 12is a block diagram illustrating one implementation of a gNB 1360 in which one or more of the systems
and/or methods described herein may be implemented. The gNB 1360 includes transmit means 1315, receive means
1378 and control means 1382. The transmitmeans 1315, receive means 1378 and control means 1382 may be configured
to perform one or more of the functions described in connection with Figure 1 above. Figure 9 above illustrates one
example of a concrete apparatus structure of Figure 12. Other various structures may be implemented to realize one or
more of the functions of Figure 1. For example, a DSP may be realized by software.

[0154] Figure 13 is a block diagram illustrating one implementation of an NCR 1860 in which one or more of the
systems and/or methods described herein may be implemented. The NCR 1860 includes transmit means 1815, receive
means 1878 and control means 1882. The transmit means 1815, receive means 1878 and control means 1882 may be
configured to perform one or more of the functions described herein. Figure 10 above illustrates one example of a
concrete apparatus structure of Figure 13. Other various structures may be implemented to realize one or more of the
functions of Figure 1. For example, a DSP may be realized by software.

[0155] Figure 14 is a block diagram illustrating one implementation of a gNB 1460. The gNB 1460 may be an example
of the gNB 160 described in connection with Figure 1. The gNB 1460 may include a higher layer processor 1423, a DL
transmitter 1425, a UL receiver 1433, and one or more antenna 1431. The DL transmitter 1425 may include a PDCCH
transmitter 1427 and a PDSCH transmitter 1429. The UL receiver 1433 may include a PUCCH receiver 1435 and a
PUSCH receiver 1437.

[0156] The higher layer processor 1423 may manage physical layer's behaviors (the DL transmitter's and the UL
receiver’s behaviors) and provide higher layer parameters to the physical layer. The higher layer processor 1423 may
obtain transportblocks from the physical layer. The higher layer processor 1423 may send/acquire higher layer messages
such as an RRC message and MAC message to/from a UE’s higher layer. The higher layer processor 1423 may provide
the PDSCH transmitter transport blocks and provide the PDCCH transmitter transmission parameters related to the
transport blocks.

[0157] The DL transmitter 1425 may multiplex downlink physical channels and downlink physical signals (including
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reservation signal) and transmit them via transmission antennas 1431. The UL receiver 1433 may receive multiplexed
uplink physical channels and uplink physical signals via receiving antennas 1431 and de-multiplex them. The PUCCH
receiver 1435 may provide the higher layer processor 1423 UCI. The PUSCH receiver 1437 may provide the higher
layer processor 1423 received transport blocks.

[0158] Figure 15 is a block diagram illustrating one implementation of a UE 1502. The UE 1502 may be an example
of the UE 102 described in connection with Figure 1. The UE 1502 may include a higher layer processor 1523, a UL
transmitter 1551, a DL receiver 1543, and one or more antenna 1531. The UL transmitter 1551 may include a PUCCH
transmitter 1553 and a PUSCH transmitter 1555. The DL receiver 1543 may include a PDCCH receiver 1545 and a
PDSCH receiver 1547.

[0159] The higher layer processor 1523 may manage physical layer's behaviors (the UL transmitter’'s and the DL
receiver’s behaviors) and provide higher layer parameters to the physical layer. The higher layer processor 1523 may
obtain transport blocks from the physical layer. The higher layer processor 1523 may send/acquire higher layer messages
such as an RRC message and MAC message to/from a UE’s higher layer. The higher layer processor 1523 may provide
the PUSCH transmitter transport blocks and provide the PUCCH transmitter 1553 UCI.

[0160] The DL receiver 1543 may receive multiplexed downlink physical channels and downlink physical signals via
receiving antennas 1531 and de-multiplex them. The PDCCH receiver 1545 may provide the higher layer processor
1523 DCI. The PDSCH receiver 1547 may provide the higher layer processor 1523 received transport blocks.

[0161] The term "computer-readable medium" refers to any available medium that can be accessed by a computer or
aprocessor. The term "computer-readable medium," as used herein, may denote a computer- and/or processor-readable
medium that is non-transitory and tangible. By way of example and not limitation, a computer-readable or processor-
readable medium may comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other medium that can be used to carry or store desired program code in the
form of instructions or data structures and that can be accessed by a computer or processor. Disk and disc, as used
herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy disk and Blu-ray® disc
where disks usually reproduce data magnetically, while discs reproduce data optically with lasers.

[0162] It should be noted that one or more of the methods described herein may be implemented in and/or performed
using hardware. For example, one or more of the methods described herein may be implemented in and/or realized
using a chipset, an application-specific integrated circuit (ASIC), a large-scale integrated circuit (LSI) or integrated circuit,
etc.

[0163] Each of the methods disclosed herein comprises one or more steps or actions for achieving the described
method. The method steps and/or actions may be interchanged with one another and/or combined into a single step
without departing from the scope of the claims. In other words, unless a specific order of steps or actions is required for
proper operation of the method that is being described, the order and/or use of specific steps and/or actions may be
modified without departing from the scope of the claims.

[0164] It is to be understood that the claims are not limited to the precise configuration and components illustrated
above. Various modifications, changes and variations may be made in the arrangement, operation and details of the
systems, methods and apparatus described herein without departing from the scope of the claims.

[0165] A program running on the gNB 160 or the UE 102 according to the described systems and methods is a program
(a program for causing a computer to operate) that controls a CPU and the like in such a manner as to realize the function
according to the described systems and methods. Then, the information thatis handled in these apparatuses is temporarily
stored in a RAM while being processed. Thereafter, the information is stored in various ROMs or HDDs, and whenever
necessary, is read by the CPU to be modified or written. As a recording medium on which the program is stored, among
a semiconductor (for example, a ROM, a nonvolatile memory card, and the like), an optical storage medium (for example,
a DVD, a MO, a MD, a CD, a BD and the like), a magnetic storage medium (for example, a magnetic tape, a flexible
disk and the like) and the like, any one may be possible. Furthermore, in some cases, the function according to the
described systems and methods described herein is realized by running the loaded program, and in addition, the function
according to the described systems and methods is realized in conjunction with an operating system or other application
programs, based on an instruction from the program.

[0166] Furthermore, in a case where the programs are available on the market, the program stored on a portable
recording medium can be distributed or the program can be transmitted to a server computer that connects through a
network such as the Internet. In this case, a storage device in the server computer also is included. Furthermore, some
or all of the gNB 160 and the UE 102 according to the systems and methods described herein may be realized as an
LSI that is a typical integrated circuit. Each functional block of the gNB 160 and the UE 102 may be individually built into
a chip, and some or all functional blocks may be integrated into a chip. Furthermore, a technique of the integrated circuit
is not limited to the LSI, and an integrated circuit for the functional block may be realized with a dedicated circuit or a
general-purpose processor. Furthermore, if with advances in a semiconductor technology, a technology of an integrated
circuit that substitutes for the LS| appears, it is also possible to use an integrated circuit to which the technology applies.
[0167] Moreover, each functional block or various features of the base station device and the terminal device used in
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each of the aforementioned embodiments may be implemented or executed by a circuitry, which is typically an integrated
circuit or a plurality of integrated circuits. The circuitry designed to execute the functions described in the present
specification may comprise a general-purpose processor, a digital signal processor (DSP), an application specific or
general application integrated circuit (ASIC), a field programmable gate array (FPGA), or other programmable logic
devices, discrete gates or transistor logic, or a discrete hardware component, or a combination thereof. The general-
purpose processor may be a microprocessor, or alternatively, the processor may be a conventional processor, a controller,
a microcontroller, or a state machine. The general-purpose processor or each circuit described herein may be configured
by a digital circuit or may be configured by an analogue circuit. Further, when a technology of making into an integrated
circuit superseding integrated circuits at the present time appears due to advancement of a semiconductor technology,
the integrated circuit by this technology is also able to be used.

[0168] As used herein, the term "and/or" should be interpreted to mean one or more items. For example, the phrase
"A, B and/or C" should be interpreted to mean any of: only A, only B, only C, A and B (but not C), B and C (but not A),
A and C (but not B), or all of A, B, and C. As used herein, the phrase "at least one of should be interpreted to mean one
or more items. For example, the phrase "at least one of A, B and C" or the phrase "at least one of A, B or C" should be
interpreted to mean any of: only A, only B, only C, A and B (but not C), B and C (but not A), A and C (but not B), or all
of A, B, and C. As used herein, the phrase "one or more of" should be interpreted to mean one or more items. For
example, the phrase "one or more of A, B and C" or the phrase "one or more of A, B or C" should be interpreted to mean
any of: only A, only B, only C, A and B (but not C), B and C (but not A), A and C (but not B), or all of A, B, and C.

Claims

1. A network controlled repeater, NCR, comprising:
receiving circuitry configured to:
receive a radio resource control, RRC, configuration from a gNodeB, gNB, on a control link for a configured grant,
CG, including resource allocation with beam indication, and uplink, UL, forwarding delay information.

2. The NCR of claim 1, wherein the receiving circuitry is further configured to determine that the CG is a type 1 by
receiving the ConfiguredGrantConfig-ncr including rrc-ConfiguredUplinkGrant-ncr.

3. The NCR of any one of the preceding claims, wherein the receiving circuitry is further configured to determine a
periodic UL resource on an access link.

4. The NCR of any one of the preceding claims, wherein the receiving circuitry is further configured to receive and
buffer a UL transmission from a user equipment, UE, on indicated resources with an indicated beam index.

5. The NCR of any one of the preceding claims, wherein the receiving circuitry is further configured to determine a UL
forwarding delay based on the RRC configuration.

6. The NCR ofany one of the preceding claims, further comprising transmitting circuitry configured to transmit a buffered
signal from an access link on a backhaul link with the UL forwarding delay after an end of a CG reception on the
access link.

7. The NCR of any one of the preceding claims, wherein the receiving circuitry is further configured to stop the CG if
the RRC configuration is received to deactivate the CG.

8. A gNodeB, gNB, comprising:
transmitting circuitry configured to:
configure network controlled repeater, NCR, configured grant, CG, with radio resource control, RRC, signaling on
a control link, where RRC parameters of ConfiguredGrantConfig-ncr include rrc-ConfiguredUplinkGrant-ncr, and
wherein information includes at least resource allocation with beam indication, periodicity, and uplink, UL, forwarding
delay information.

9. The gNB of claim 8, wherein the transmitting circuitry is further configured to configure a CG for a user equipment,
UE, with RRC signaling on a backhaul link, where the RRC parameters of ConfiguredGrantConfig include rrc-
ConfiguredUplinkGrant.

10. The gNB of any one of the two preceding claims, wherein the transmitting circuitry is further configured to determine
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a periodic UL resource on the backhaul link based on a CG configuration and a UL forwarding delay.

The gNB of any one of the three preceding claims, further comprising receiving circuitry configured to receive a
forwarded UL transmission from an NCR on the backhaul link in configured resources.

The gNB of any one of the four preceding claims, wherein the transmitting circuitry is further configured to transmit
an RRC configuration to deactivate a CG to UE on backhaul link.

The gNB of any one of the five preceding claims, wherein the transmitting circuitry is further configured to transmit
the RRC configuration to deactivate a CG to NCR on control link.

A communication method of a network controlled repeater, NCR, comprising:
receiving a radio resource control, RRC, configuration from a gNodeB, gNB, on a control link for a configured

grant, CG, including resource allocation with beam indication, and uplink, UL, forwarding delay information; and
using the RRC configurations in transmissions.
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