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Introduction
In RAN#94e Meeting [1], a new SID was approved for study on NR network-controlled repeaters[2]. A network-controlled repeater would be able to receive and process side control information from the network, which allow a network-controlled repeater to perform its amplify-and-forward operation in a more efficient manner. 
In RAN1#109e Meeting [3], the following agreements were achieved.
	Agreement
Capture the following model of network-controlled repeater in TR 38.867.
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· The NCR-MT is defined as a function entity to communicate with a gNB via Control link (C-link) to enable the information exchanges (e.g. side control information). The C-link is based on NR Uu interface.
· Note: Side control information is at least for the control of NCR-Fwd
· The NCR-Fwd is defined as a function entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. The behavior of the NCR-Fwd will be controlled according to the received side control information from gNB. 
Agreement
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion
Agreement
Both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link.
· FFS: the mechanism for indication and determination of beam.
· Note: Fixed beam refers to the case that beam at NCR for both C-link and backhaul-link cannot be changed.
Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.
Agreement
For the timing of NCR, the following assumption is considered as baseline:
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· FFS: the impact of internal delay on the following timing relationships:
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd
Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information
Agreement
Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link
Agreement:
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· 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.
Agreement:
Capture the following assumption of network-controlled repeater in TR 38.867.
· 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.
· The NCR-MT and NCR-Fwd operating in the same carrier is prioritized for the study.
Agreement:
Capture the following assumption of network-controlled repeater in TR 38.867.
· As baseline, same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link (at least when the NCR-MT and NCR-Fwd operating in same carrier).
Agreement:
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 
Note: the same assumption of the 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.
Agreement:
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd
Agreement
Recommend to capture the following observation in TR 38.867:
· The benefits of power information used to control the behavior of NCR-Fwd for the DL of access link and/or UL of backhaul link are observed by the following inputs:
· [Source-1, Huawei] shows that for the uplink transmission via NCR, a fixed NCR amplifying gain may lead to interference to the gNB or NCR UL coverage loss. For the downlink transmission via NCR, a fixed NCR amplifying gain may lead to NCR RU saturation or NCR DL coverage loss.
· [Source-2, vivo] shows that the optimal system performance can be achieved when repeater’s gain is set to a proper value.
· [Source-3, ETRI] shows that dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration.
· [Source-4, Ericsson] mentions that the gain control is needed for self-interference management due to repeater oscillation.
· This agreement does not change the prioritization of PC

Agreement
The controlling of the amplifying gain of NCR-Fwd is considered to enable the power control of NCR-Fwd if PC is recommended as side control information for NCR in Rel-18
· FFS: Controlling of the transmission power of NCR-Fwd
Agreement
Recommend to capture the following examples of the transmission/reception of C-link and backhaul link by NCR in TR 38.867.
· The DL of C-link and DL of backhaul link can be performed simultaneously or in TDM way.
· The UL of C-link and UL of backhaul link can be performed in TDM way
· Note-1: Multiplexing is under the control of gNB with consideration for NCR capability
· Note-2: Simultaneous transmission of the UL of C-link and UL of backhaul link is subject to NCR’s capability


In this contribution, we present our views on side control information to enable NR network-controlled repeaters.
Discussion
Beamforming information 
It was agreed in last meeting that at least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link. 
For C-link, both fixed beam and adaptive beam can be considered, adaptive beam is preferred considering the change of wireless channel environment even for a fixed NCR, the existing beam indication and determination mechanism can be reused.
For backhaul link, the same large-scale properties such as QCL Type-A and QCL Type-D as C-link are excepted at least when the NCR-MT and NCR-Fwd operating in the same carrier, therefore the same beam as C-link can be assumed for backhaul link. However, as multiple beams can be configured for C-link for different channels such as PDCCH and PDSCH, additional indication or implicit determination of the beam may necessary for determining the beam for backhaul link. An implicit determination is preferred to reduce the signalling overhead. For example, the beam of backhaul link always follows the beam of CORESET#0 in C-link.
For access link, both the dynamic indication and semi-static indication can be considered due to the change of wireless channel environment and UE movement. As different beams or beam sets have different time domain features, multiple beam indication methods can be considered. For example, semi-static beam indication is enough for periodic signal such as cell-specific signal forwarding, while dynamic beam indication is required for UE-specific signal such as dynamic scheduling forwarding. At least RRC signalling can be used for semi-static beam indication, and dynamic signalling such as repeater control information can be used for dynamic beam indication. 
The maximum number of beams configured for NCR-Fwd access link depend on the beamforming capability of NCR. In that sense, beamforming capability report from NCR is necessary. 
Proposal 1: Adaptive beam for C-link and backhaul link should be supported.
Proposal 2: Implicit beam determination for backhaul link should be supported.
Proposal 3: At least RRC signalling for semi-static beam indication and DCI-like signalling for dynamic beam indication should be supported in the access link.
[bookmark: _GoBack]Proposal 4: NCR beamforming capability report should be supported.
ON-OFF information 
The NCR aims to improve the performance of the shadow area to complement gNB’s coverage, which usually deployed in indoor area or isolated area within the gNB’s coverage. The cell-edge UEs and potentially other neighboring cells may experience severe interference from the NCR. A straightforward solution is to support ON/OFF mechanism for the NCR.  Then the ON-OFF information should be delivered to the NCR to alleviate the interference problem and improve the energy efficiency. 
As agreed in last meeting, both explicit indication and implicit indication were proposed for ON-OFF information indicating. We think the ON/OFF information can be indicated via the activation/deactivation state of beam and additional signalling is not necessary. If none of the beam are signalled as activation state in access link, the FWD part is naturally OFF. While if one of the configured beam is indicated in access link, the FWD part is switched to ON and no additional signalling needed.
Proposal 5: Implicit indication of ON-OFF information via the signalling for beam information should be supported.
Conclusions
In this contribution, we present the discussion on side control information to enable NR network-controlled repeaters, we have the following proposals:
Proposal 1: Adaptive beam for C-link and backhaul link should be supported.
Proposal 2: Implicit beam determination for backhaul link should be supported.
Proposal 3: At least RRC signalling for semi-static beam indication and DCI-like signalling for dynamic beam indication should be supported in the access link.
Proposal 4: NCR beamforming capability report should be supported.
Proposal 5: Implicit indication of ON-OFF information via the signalling for beam information should be supported.
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