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Introduction
As part of Rel-18 Study Item on NR Network-controlled Repeaters [1], 3GPP has agreed to study enhancements over conventional RF repeaters including the following objectives:
The study on NR network-controlled repeaters is to focus on the following scenarios and assumptions:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.
· For only single hop stationary network-controlled repeaters
· Network-controlled repeaters are transparent to UEs
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.

Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]
· Beamforming information
· Timing information to align transmission / reception boundaries of network-controlled repeater
· Information on UL-DL TDD configuration
· ON-OFF information for efficient interference management and improved energy efficiency
· Power control information for efficient interference management (as the 2nd priority)
Study and identify L1/L2 signaling (including its configuration) to carry the side control information [RAN1]

This contribution discusses the need and benefits for multi-frequency support for the control link for NR network-controlled repeaters and requests clarification of the Rel-18 SI scope.

Side control information for NR network-controlled repeaters
Due to the expected larger bandwidth available for NR compared to LTE (e.g. mmWave spectrum) along with 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 as shown in Figure 1.
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Figure 1: Network-controlled repeater access and backhaul links

While the deployment of the repeater will increase the signal strength of the donor gNB, it may also potentially increase interference to neighbor cells and the repeater transmissions also need to be carefully time-aligned with the transmissions from the donor in order avoid cross-link interference between DL and UL signals, especially in the case of networks operating on time-division duplex (TDD) bands. Furthermore, the utilization of dynamic analog and digital beamforming at gNBs and UEs, makes the deployment and management of conventional repeaters much more challenging since the adaptation of the beamforming pattern and any sweeping of beams for control and access is dynamically managed over-the-air (OTA) and in some cases user-specific (e.g. for CSI acquisition and data plane transmissions). As a result, there is a need for OTA configuration and management of network controlled repeaters which can adapt the physical layer parameters used by the repeater for its forwarding operation. 

During RAN1#109e, the following agreement was made which introduces the concept of NCR-MT and NCR-Fwd functions, as well as a control link between the NCR and gNB which is separate from the access and backhaul links:

Agreement
Capture the following model of network-controlled repeater in TR 38.867.
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Description automatically generated]
· 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. 


An example where this framework has already been realized in NR is the UE-like mobile termination (MT) function which is used by Integrated Access and Backhaul (IAB) nodes to provide connectivity between the IAB node and its parent donor node. While the IAB-MT’s capabilities are much greater than envisioned for network-controlled repeaters since it also has L2 relay and topology/routing management functionality, the configuration of the air interface features of the backhaul and access links of the IAB node (e.g. timing, power control, time/frequency/spatial resources) are very aligned with the requirements for network-controlled repeaters. As a result, the IAB-MT control information signaling framework can be taken as a starting point for defining the signaling framework of network-controlled repeaters and should be reused as much as possible. 
Given that the C-link is expected to reuse L1/L2 signaling for the configuration and control of various NCR-Fwd access and backhaul link parameters and properties, one area where the control link for the NCR-MT should also align with the IAB-MT, is in the reuse of initial access procedures for the setup and integration of the NCR into the network. A major benefit of this approach is that it allows the network to easily integrate repeaters, IAB nodes, and other network-controlled infrastructure with common management platforms within the RAN or at least based on 3GPP standardized signaling interfaces. 
While the procedures and architecture impact for this part of the Rel-18 SI will be primarily handled in RAN2, one area where this impacts RAN1 work as well is the consideration of whether the C-link of the NCR-MT always operates on the same frequency carrier/band as the NCR-Fwd backhaul and access links. Given that FR2 operation is in scope of the SI, and is in fact prioritized, it should be carefully considered that if multi-frequency operation for the NCR-MT is excluded, it implies that the C-link must support standalone (SA) operation for initial access and connection establishment on FR2. This impacts both the NCR and the gNB to ensure that appropriate broadcast and higher layer control messages can be transmitted and received, even if the access link from the gNB and NCR-Fwd only supports users on a FR2 carrier as an SCell or SCG as shown in Figure 2 below.
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Figure 2: Multi-frequency network-controlled repeater operation with access and backhaul links on FR2 and C-link on FR1

As a result, RAN Plenary should clarify that multi-frequency operation for the NCT-MT’s C-link is included in the Rel-18 SI scope. Specifically, RAN2 and RAN1 should study initial access and connection establishment of the NCR-MT on a band different from the band used by the NCR-Fwd for the access and backhaul links.

Proposal 1: Clarify that multi-frequency operation for the NCT-MT’s C-link is considered in the Rel-18 NR NCR SI scope.
Proposal 2: RAN2 and RAN1 should study initial access and connection establishment of the NCR-MT on a band different from the band used by the NCR-Fwd for the access and backhaul links.
Conclusion
In this contribution, we discuss support for multi-frequency operation for NR network-controlled repeaters in the Rel-18 SI scope. We made the following proposals:

Proposal 1: Clarify that multi-frequency operation for the NCT-MT’s C-link is considered in the Rel-18 NR NCR SI scope.
Proposal 2: RAN2 and RAN1 should study initial access and connection establishment of the NCR-MT on a band different from the band used by the NCR-Fwd for the access and backhaul links.
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