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Introduction
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]As part of Rel-18 Work Item on NR Network-controlled Repeaters [1], 3GPP has agreed to specify enhancements over conventional RF repeaters including the following objectives:
Specify the signaling 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.

[bookmark: OLE_LINK84]This contribution focuses on requirements for L1/L2 side information and signaling framework for NR network-controlled repeaters.

Side control information for NR network-controlled repeaters
[bookmark: OLE_LINK65]Due to the native deployment of massive MIMO or multi-beam systems in NR, there is now an opportunity to develop and deploy network-controlled repeaters (e.g. “smart” repeaters) which utilize an amplify-and-forward approach to take the DL signal from a donor cell (e.g. macro gNB) and provide it to users which may be beyond the coverage of the donor cell. Additionally, the NCR can provide the UL signal from the user device to its serving cell in a transparent manner. This may allow easier deployment of a dense network of access points in FR1 and FR2 as shown in Figure 1.  
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Figure 1: Network-controlled repeater access and backhaul links
As a result, there is a need for identification and authorization of network-controlled repeaters by the network in addition to OTA configuration and management which can adapt the physical layer L1/L2 parameters used by the NCR-MT for its control link as well as the L1/L2 parameters used by the NCR-Fwd for its forwarding operation (which may be the same or different resources/beams). This configuration should include at the least the following side control information:
· Beamforming information
· Information on UL-DL TDD configuration
· ON-OFF information for efficient interference management and improved energy efficiency

[bookmark: OLE_LINK76]In case of beamforming information, two solutions for NCR beamforming configurations have been captured in the study item phase for down-selection:
[bookmark: OLE_LINK91]As a baseline, the same TCI states as C-link are assumed for beams at NCR-Fwd for backhaul link if the NCR-MT's carrier(s) is operating within the frequency band forwarded by the NCR-Fwd. In case that the adaptive beams are adopted for C-link and backhaul link, the indication and determination of beams of backhaul link can be achieved by:
-	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, e.g., 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.

Option 1 in Section 6.1 of 38.867 [2], is the most attractive solution in our view since it is similar to the handling of the IAB-MT where sets of beams can be semi-statically indicated for the backhaul link from the parent node via MAC-CE signalling.
[bookmark: OLE_LINK96]Proposal 1: In case that the adaptive beams are adopted for C-link and backhaul link, the indication and determination of beams of backhaul link can be achieved by semi-static signalling (e.g., MAC CE) indicating a beam(s) from the set of beams of the C-link.
[bookmark: OLE_LINK89][bookmark: OLE_LINK92]
[bookmark: OLE_LINK75]For NCR TDD configurations, three solutions have been captured in the study item phase for down-selection:
[bookmark: OLE_LINK87]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. On the flexible symbols based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the following behaviours of the NCR-Fwd are considered:
-	Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
-	Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB. It means that no new side control signalling is needed.
-	Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd

Option 2 in Section 6.3 of 38.867 [2], is the most attractive solution in our view since it is similar to the handling of the IAB-MT and access UEs without requiring new signalling to be defined.

[bookmark: OLE_LINK90][bookmark: OLE_LINK95]Proposal 2: On the flexible symbols based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the following behaviour of the NCR-Fwd is supported:
Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB. It means that no new side control signalling is needed
In case of ON-OFF indications, the following solutions have been captured in the study item phase for down-selection:
[bookmark: OLE_LINK74][bookmark: OLE_LINK93]The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behavior 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 side-control information (e.g., beam, DL/UL configuration, or PC information). It should be noticed that this example does not imply that PC information is necessary or not.

Option 1 in Section 6.4 of 38.867 [2], is the most attractive solution in our view since it is similar to the handling of the IAB-MT in the definition of Hard (i.e. always ON), Not Available (i.e. always OFF), and Soft (i.e. ON if indicated via dynamic signaling from the parent node) resources for the access link. Unlike IAB, since the NCR does not have a DU function, implicit rules as defined in Option 2 may not be necessary as there should not be any conflicts between the NCR and parent gNB which needs full control and visibility of the resources used on the C-link and Fwd-link. 

[bookmark: OLE_LINK94]Proposal 3: To indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd, explicit indication with ON-OFF state (e.g., via dynamic or semi-static signalling) is supported.

Conclusion
In this contribution, we discussed requirements for L1/L2 side information and signaling framework for NR network-controlled repeaters. We made the following proposals:

Proposal 1: In case that the adaptive beams are adopted for C-link and backhaul link, the indication and determination of beams of backhaul link can be achieved by semi-static signalling (e.g., MAC CE) indicating a beam(s) from the set of beams of the C-link.
Proposal 2: On the flexible symbols based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the following behaviour of the NCR-Fwd is supported:
Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB. It means that no new side control signalling is needed
Proposal 3: To indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd, explicit indication with ON-OFF state (e.g., via dynamic or semi-static signalling) is supported.
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