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Introduction
[bookmark: _Hlk510705081]Rel-18 work item [1] on network-controlled repeaters will focus on the following scenarios:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously

The following features are intended to be supported:
Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
Note: Power control aspect will be checked in RAN#98e.

Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed
Specify the solution of network-controlled repeater management (i.e., the identification and authorization/validation of NCR) [RAN3, RAN2]
· NOTE: Down-selection of solutions in section 8 of TR 38.867 is needed taking into account the feedback of other working groups (i.e., SA3 and SA5). From a security point of view, the feasibility of NCR validation procedure in solution 1 and the feasibility of solution 2 will be decided by SA3.The selected solution shall provide inter-vendor interoperability.

Study the RRM functions to be supported and specify the RRM requirements of NCR-MT if necessary [RAN2, RAN4]
Study and specify the RF and EMC requirements of NCR if necessary [RAN4]
Note: The existing requirements defined in RAN4 can be reused if applicable.
Note: The work in RAN4 for beam related is expected to start on FR2 first.
Discussion

Consideration on NCR Beamforming
The following recommendation was made in [3], regarding the relationship between the carrier on which the NCR-MT is connected, and the carriers on which the NCR-Fwd operates:
Additionally, at least one of the NCR-MT’s carrier(s) should be within the set of carriers forwarded by the NCR-Fwd in same frequency range. And the NCR-MT and NCR-Fwd operating in the same carrier is prioritized for the study.
Furthermore, recommendation was made that TCI states for the C-link are assumed for the beams at the NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
Finally, beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.
Since the NCR is expected for a stationary deployment and should furthermore expect good channel conditions when properly deployed, there is no clear motivation to enhance beam management for the NCR-MT beyond what is already supported for a Rel-17 UE.
Proposal 2.1:	NCR-MT beam management is supported by Rel-17 UE beam management without further enhancement.
In scenarios where a backhaul link transmission is occurring simultaneously with an NCR-MT transmission in either uplink or downlink, it is sufficient to have NCR-Fwd Tx/Rx using the same TCI state that is used by the NCR-MT.
Proposal 2.2:	In cases where a C-link transmission or reception occurs simultaneously with backhaul link transmission, the TCI state configured/indicated for the NCR-MT is assumed for the backhaul of NCR-Fwd as well.
In scenarios where there is not a simultaneous transmission or reception on the C-link and the backhaul link, and adaptive beams are adopted for the C-link, the following options were proposed in [3]:
· Option 1: The beam of backhaul link is indicated by a new signaling.
· The new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE) indicating a beam(s) from the set of beams of the C-link
· This does not imply that the beam of backhaul link is always indicated by the new signaling
· Option 2: The beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. Otherwise, the beam of backhaul link follows one of the beams of the C link.
Other predefined rules are not precluded
Since the NCR deployment is stationary and the backhaul link is expected to be a LOS link, and DL/UL beam correspondence is assumed for the NCR on the backhaul link, there is little expectation that the optimal TCI state for any NCR-Fwd transmission or reception made on the backhaul should be different from the TCI state used for the last NCR-MT transmission or reception made on the control link.  For this reason, no further signaling is required to indicate the TCI state or spatial relation (referred as the beam state herein as a common term for both DL and UL beams) of NCR-Fwd operation during transmission or reception on the corresponding backhaul link.
[bookmark: _Hlk115072003]Proposal 2.3:	No explicit signaling is required to indicate NCR-Fwd beam state when a backhaul link transmission/reception is made with no simultaneous NCR-MT transmission or reception.
Regarding access link beams for the NCR-Fwd, the beam state of the NCR-Fwd is expected to be indicated via beam index with a corresponding explicit time domain resources provided for each beam indication. Additionally, it is recommended to support both dynamic and semi-static beam state indication as well slot- and symbol-level time domain resolution.
It should be noted that if the resolution of beam indication for the NCR-Fwd does not match the resolution of physical signals and channels configured for connected UEs, it can result in either spectral inefficiency or unwanted constraint on the parent gNB scheduler.
Observation 2.1:	Beam indication that doesn’t have a similar time resolution as physical signals and channels configured/indicated by the parent gNB can result in spectral inefficiency or scheduler constraint by the parent gNB.
Additionally, the beam state of the NCR-Fwd should be specified unambiguously at all times to minimize interference and optimize apparent UE link quality.
Observation 2.2:	NCR-Fwd access link beam should be specified unambiguously in all time resources.
To provide the parent gNB with the most flexibility, the NCR should be indicated with which symbols are semi-statically configured with an access link beam state (e.g., for cell-specific transmissions), and which symbols will receive a dynamic indication of the access link beam state (e.g., for UE-specific transmissions/receptions).
Proposal 2.4:	A parent gNB will configure symbols with either a semi-static beam indication or as designated to receive a dynamic beam indication.
To ensure that NCR-Fwd access link beam state is unambiguous, a default or fallback behavior should be specified when symbols configured for dynamic indication do not receive a dynamic indication.
Proposal 2.5:	Specify a fallback/default behavior for NCR-Fwd access link beam state in the event that a time resource configured for dynamic beam indication does not receive one.
In order to coordinate the beamforming configuration of the NCR-Fwd with the transmissions between the UE and the parent gNB, it is necessary for the gNB to be aware of the minimum latency for updating an NCR-Fwd beamforming state (for both DL and UL) after an indication has been received by the NCR-MT. This information should be known by the parent gNB as NCR capability.
Proposal 2.6:	Parent gNB should be aware of minimum latency between when an NCR-MT receives a beam indication and when the corresponding NCR-Fwd beam state is applied as NCR capability.

Consideration on NCR UL-DL TDD Operation
As recommended in [3], the TDD UL/DL configuration of NCR, “at least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.”
Additionally, the same TDD UL/DL configuration is always assumed for backhaul link and access link, and the same TDD UL/DL configuration is assumed for C-link and backhaul link and access link. 
Since the C-link is based on Rel-17 Uu interface, and no special handling is required for NCR-MT TDD behavior further enhancements for indicating TDD state of the NCR-MT are not necessary.
Proposal 2.7:	TDD for C-link can be configured to the NCR-MT using Rel-17 legacy framework without further enhancement.
Additionally, since it is assumed that TDD UL/DL configuration for backhaul and access link are assumed to be identical to the C-link, the TDD UL/DL state of the NCR-Fwd can be expected to follow the TDD UL/DL state of the NCR-MT.
Proposal 2.8:	NCR-Fwd is expected to follow the TDD UL/DL state of the NCR-MT at all times.

Consideration on NCR On-Off Configuration
The following recommendation was made in [3] regarding the on/off state NCR-Fwd during NCR operation:
The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB. This applies to the case regardless of the RRC state of NCR-MT. Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behaviour of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.
Additionally, the following options were considered for indication of the on/off state from the parent gNB to the NCR.

· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.

Similar to indication of access link beam state, if the time resolution of on-off indication for the NCR-Fwd does not match the time resolution of physical signals and channels configured or indicated by the parent gNB to connected UEs, it can result in spectral ineffiency by the network, and/or unnecessarily constrain the scheduler of the parent gNB.
Observation 2.3:	On-off indication of the NCR-Fwd that doesn’t have a similar time resolution as physical signals and channels configured/indicated by the parent gNB can result in spectral inefficiency or scheduler constraint by the parent gNB.
Additionally, the on-off state of the NCR-Fwd should be specified unambiguously at all times to minimize interference and optimize apparent UE link quality.
Observation 2.4:	NCR-Fwd link on/off state should be specified unambiguously in all time resources.
Since design considerations for on-off state of the NCR-Fwd and beam state of the NCR-Fwd for access link are similar, it makes sense to consider a joint method of indicating both NCR-Fwd on-off state and access link beam state.  This could be done by including an indication of the NCR-Fwd off behavior as one of the beam state indications provided by the gNB. 
Proposal 2.9:	NCR-Fwd operation is indicated as a beam state (both semi-static and dynamic) that means off.
With similar consideration as related to NCR beamforming, it is necessary for the gNB to be aware of the minimum latency for updating an NCR-Fwd on/off state after an indication has been received by the NCR-MT. This information should be known by the parent gNB as NCR capability.
Proposal 2.10:	Parent gNB should be aware of minimum latency between when an NCR-MT receives an on-off indication and when the corresponding NCR-Fwd state is applied as NCR capability.

Conclusion
Observations and proposals for necessary side control information to maintain proper NCR operation are: 
Observation 2.1:	Beam indication that doesn’t have a similar time resolution as physical signals and channels configured/indicated by the parent gNB can result in spectral inefficiency or scheduler constraint by the parent gNB.
Observation 2.2:	NCR-Fwd access link beam should be specified unambiguously in all time resources.
Observation 2.3:	On-off indication of the NCR-Fwd that doesn’t have a similar time resolution as physical signals and channels configured/indicated by the parent gNB can result in spectral inefficiency or scheduler constraint by the parent gNB.
Observation 2.4:	NCR-Fwd link on/off state should be specified unambiguously in all time resources.

Proposal 2.1:	NCR-MT beam management is supported by Rel-17 UE beam management without further enhancement.
Proposal 2.2:	In cases where a C-link transmission or reception occurs simultaneously with backhaul link transmission, the TCI state configured/indicated for the NCR-MT is assumed for the backhaul of NCR-Fwd as well.
Proposal 2.3:	No explicit signaling is required to indicate NCR-Fwd beam state when a backhaul link transmission/reception is made with no simultaneous NCR-MT transmission or reception.
Proposal 2.4:	A parent gNB will configure symbols with either a semi-static beam indication or as designated to receive a dynamic beam indication.
Proposal 2.5:	Specify a fallback/default behavior for NCR-Fwd access link beam state in the event that a time resource configured for dynamic beam indication does not receive one.
Proposal 2.6:	Parent gNB should be aware of minimum latency between when an NCR-MT receives a beam indication and when the corresponding NCR-Fwd beam state is applied as NCR capability.
Proposal 2.7:	TDD for C-link can be configured to the NCR-MT using Rel-17 legacy framework without further enhancement.
Proposal 2.8:	NCR-Fwd is expected to follow the TDD UL/DL state of the NCR-MT at all times.
Proposal 2.9:	NCR-Fwd operation is indicated as a beam state (both semi-static and dynamic) that means off.
Proposal 2.10:	Parent gNB should be aware of minimum latency between when an NCR-MT receives an on-off indication and when the corresponding NCR-Fwd state is applied as NCR capability.
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