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1. Introduction
RAN#94e approved the new study item on Network-controlled Repeaters (NCR) [1]. The objectives of this study are stated as follows: 
	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]

Study the following aspects of network-controlled repeater management
· Identification and authorization of network-controlled repeaters [RAN2, RAN3]

NOTE2: Coordination with SA3 may be needed.


In this contribution, the initial discussion of RAN2 issues for NCR is provided. 
2. Discussion 
2.1. NCR model 
In the SID, the scenarios and assumptions are captured as follows [1]: 

	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.


RAN1#109e agreed the model of NCR as follows [2]: 
	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. 


According to the statements above, NCR-Fwd is an in-band RF repeater, so it should have no impact to RAN2. 
Observation 1 NCR-Fwd is an RF repeater, which is out of RAN2 scope. 
On the other hand, the NCR-MT maintains the Control-link with the gNB for communicating the side control information. The NCR-MT could be considered as a special UE type, which may be similar to the IAB-MT [3]. So, it’s natural to assume that the protocol support would be needed, i.e., NAS, RRC, PDCP, RLC, MAC and PHY. As the starting point, it could be considered that the IAB-MT is a good baseline to model the NCR-MT. Though, it’s obvious that the BAP sublayer is not needed for the NCR-MT since “For only single hop stationary network-controlled repeaters” is assumed [1] and the coverage extension of control-link should be done by other means, e.g., use of FR1, use of RF repeater, etc. 
Proposal 1 As the starting point, RAN2 should consider the IAB-MT as the baseline for NCR-MT model, while the BAP sub-layer is not supported by the NCR-MT. 

The IAB-MT can transmit/receive its own traffic, e.g., the OAM traffic [3]. The same principle would be applied to the NCR-MT since NCR may implement the OAM functionality. Therefore, the NCR-MT should support not only SRB (e.g., for the side control information, RRC configuration and NAS connection) but also DRB (i.e., for its own traffic), whereby the establishment of DRB may be optional. 
Proposal 2 RAN2 should agree that the NCR-MT supports both SRB and DRB. 
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Figure 1
 Protocol stack for NCR-MT (focusing on C-plane)
As illustrated in Figure 1, it could be assumed the gNB’s instruction (e.g., the side control information) are used by the NCR-MT to control the NCR-Fwd via an internal interface, e.g., beamforming, ON/OFF control and power control, regardless of whether such an internal interface is specified. 
Observation 2 The NCR-MT is instructed by the gNB (e.g., via the side control information) and controls the NCR-Fwd accordingly. 
2.2. NCR management aspects 

2.2.1. Identification, authorization and access control 

According to the SID, RAN2 is tasked to study the management aspects [1]: 
	Study the following aspects of network-controlled repeater management
· Identification and authorization of network-controlled repeaters [RAN2, RAN3]

NOTE2: Coordination with SA3 may be needed.


If the IAB-MT is considered as the baseline as in Proposal 1, the same access control mechanisms could be applicable to the NCR-MT as follows, since the NCR would be considered as a network node. 
· The gNB provides a SIB Indication to allow the NCR-MT’s access, like the IAB-Support IE in SIB1 [4]; 
· The NCR-MT ignores the Cell Barred IE and the Intra-Freq Reselection IE in MIB; and

· The NCR-MT ignores the IEs for reserved cells below [4], 
· The Cell Reserved For Future Use IE, 

· The Cell Reserved For Other Use IE, for the cell barring determination, and

· The Cell Reserved For Operator Use IE, in case the NCR-MT is capable of NPN; and, 
· The NCR-MT sends an NCR Indication in RRC Setup Complete, like the IAB Node Indication IE [4]. 
Proposal 3 If the NCR is considered as a network node, RAN2 should agree to reuse the IAB-MT’s access control mechanism, i.e., the gNB provides a SIB Indication and the NCR-MT ignores the cell barring and cell reserved related IEs. 
If the NCR-MT is assumed as similar to the IAB-MT from RAN2’s perspective, RAN2 may also assume the upper layer mechanism for the IAB-MT is also reused for the NCR-MT, i.e., for authorization. 
Observation 3 RAN2 may assume the upper layer mechanism for the IAB-MT is reused for the NCR-MT, e.g., in terms of authorization. 
2.2.2. NCR Capability signalling 

Another issue on managements is how the gNB knows the NCR-Fwd’s capability such as operating frequencies, number and resolution of beamforming, output power and dynamic range, etc., since the NCR-Fwd is an RF repeater, i.e., no protocol support.  It’s quite straightforward to assume that the NCR-MT informs the gNB of the connected NCR-Fwd’s capability, in addition to its own (i.e., the NCR-MT’s) capability. 
Proposal 4 RAN2 should agree that the NCR-MT informs the gNB of the NCR-Fwd’s capability. It’s FFS what capability needs to be reported. 
2.2.3. Multi-beam NCR 
It would be also worth discussing whether the NCR can handle multiple beams as shown in Figure 2, which is expected to potentially improve the spectral efficiency, coverage enhancement and scheduling flexibility for multiple UEs. 
The simple RF repeater does not have the selectivity of resource blocks, i.e., it just amplifies-and-forwards all the signals in a system bandwidth with a single weight. On the other hand, some advanced RF repeater may manage multiple beams for multiple UEs.  So, it is important that Rel-18 NCR supports such advanced RF repeaters implementations. 

Proposal 5 RAN2 should agree that the gNB may manage the NCR which can handle multiple beams for different UEs simultaneously. 
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Figure 2
 Multi-beam NCR 
If the multi-beam NCR is supported, from RAN2’s perspective, it would lead to the discussion of whether one NCR node (or one NCR-MT) can support multiple NCR-Fwds. As similar, it could be additionally considered whether one NCR-Fwd can support the control of multiple “antenna array sub-groups”. These options are depicted in Figure 3. Either multiple NCR-Fwds or multiple antenna array sub-groups can handle different beams towards different UEs allocated different resource blocks in the same slot (as shown in Figure 2). In the case of multiple NCR-Fwds, the NCR has to handle different weights for each NCR-Fwd, which is indicated by the gNB, at the same time. 
As another possible scenario, the NCR may be controlled by multiple gNBs, e.g., in case the NCR is deployed in cell edge. In this case, multiple NCR-Fwds would be needed to handle the different beams for different Access-link belonging to different gNBs. 

These cases will impact the managements of NCR as well as the design of side control information. So, RAN2 should discuss the management models to allow various implementations for the multi-beam NCR. 
Note:  RAN1 will decide whether multiple NCR-Fwds may or may not be co-located, e.g., for spatial diversity gain. Even if multiple-NCR-Fwds are not co-located, it should assume the Control Link and the Backhaul Link can share the same radio channel condition, as implied in the decision made in RAN#96 [5]. 
Proposal 6 RAN2 should discuss the management model of multi-beam repeaters, e.g., whether one NCR-MT controls multiple NCR-Fwds, and/or whether one NCR-Fwd supports multiple antenna array sub-groups. 
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Figure 3
 Options of management models for multi-beam repeaters
2.3. Side control information 
RAN1 is currently discussing the overall concept and functionality of side control information, such as beam information, TDD UL/DL configuration, timing of DL reception and UL transmission, ON-OFF information, etc. [2]. From RAN2’s point of view, it is assumed that the dynamic and semi-static control may need to be indicated either DCI and MAC CE (or both), respectively. Additionally, the static configuration should be handled by RRC. For the detailed design of side control information, RAN2 should wait for RAN1’s further progress. 
Observation 4 The side control information may need to enhance DCI, MAC CE and/or RRC signalling. RAN2 should wait for RAN1’s further progress. 
2.4. Deployment assumptions 
RAN#96 discussed the support of multi-frequency support, but it is decided to restrict the operating frequency of the Control Link should be the same as the Backhaul Link [5]. 
	RAN chair: RAN1 study will focus on in-band only


In our understanding, the intention is to simplify the Control Link procedures, leveraging the same channel condition as the Backhaul Link. 
Observation 5 The Control Link and the Backhaul Link operating in the same frequency have the same radio channel conditions. 
On the other hand, it’s still worth discussing whether the NCR-MT can support Carrier Aggregation (CA) or Dual Connectivity (DC). For example, the NCR-MT may be configured with PCell in FR1 (for RRC connection) as well as SCell in FR2 (for Side Control Information; thus, on the same frequency with the NCR-Fwd), as depicted in Figure 4. 
In our view, the configuration of CA/DC for NCR-MT does not violate the RAN plenary’s decision, as long as an SCell for the Control Link is operated in the same frequency with the NCR-Fwd for the Backhaul Link. In addition, the robust RRC connection in FR1/PCell provides various benefits, considering the NCR is a network node. It’s very similar to the CP/UP split configuration which was specified in IAB [7]　. 
Proposal 7 RAN2 should discuss whether the NCR-MT may be configured with Carrier Aggregation or Dual Connectivity, whereby at least one SCell should be operated in the same frequency with the NCR-Fwd. 
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Figure 4
 CA/DC configuration for NCR-MT

3. Conclusion 
In this contribution, the initial consideration of Network-controlled repeaters is provided, and some basic concepts are suggested.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
NCR-Fwd is an RF repeater, which is out of RAN2 scope.
Proposal 1
As the starting point, RAN2 should consider the IAB-MT as the baseline for NCR-MT model, while the BAP sub-layer is not supported by the NCR-MT.
Proposal 2
RAN2 should agree that the NCR-MT supports both SRB and DRB.
Observation 2
The NCR-MT is instructed by the gNB (e.g., via the side control information) and controls the NCR-Fwd accordingly.
Proposal 3
If the NCR is considered as a network node, RAN2 should agree to reuse the IAB-MT’s access control mechanism, i.e., the gNB provides a SIB Indication and the NCR-MT ignores the cell barring and cell reserved related IEs.
Observation 3
RAN2 may assume the upper layer mechanism for the IAB-MT is reused for the NCR-MT, e.g., in terms of authorization.
Proposal 4
RAN2 should agree that the NCR-MT informs the gNB of the NCR-Fwd’s capability. It’s FFS what capability needs to be reported.
Proposal 5
RAN2 should agree that the gNB may manage the NCR which can handle multiple beams for different UEs simultaneously.
Proposal 6
RAN2 should discuss the management model of multi-beam repeaters, e.g., whether one NCR-MT controls multiple NCR-Fwds, and/or whether one NCR-Fwd supports multiple antenna array sub-groups.
Observation 4
The side control information may need to enhance DCI, MAC CE and/or RRC signalling. RAN2 should wait for RAN1’s further progress.
Observation 5
The Control Link and the Backhaul Link operating in the same frequency have the same radio channel conditions.
Proposal 7
RAN2 should discuss whether the NCR-MT may be configured with Carrier Aggregation or Dual Connectivity, whereby at least one SCell should be operated in the same frequency with the NCR-Fwd.
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