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1		Introduction
A new Work Item was approved at 3GPP RAN Meeting #97e on Rel-18 NR Network-controlled Repeaters [1]. The objectives of the core part of this WI are:

[bookmark: _Hlk112940504]The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· 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
With these considerations, NR NCR supports the following features:

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.

In this contribution we focus on the RAN2 related objectives on:
· Signalling of side control information for controlling NCR-Fwd
· Control plane signalling and procedures for NCR-MT
· Configuration of signalling for side control information indication
· Down-selection of proposed solutions in section 7.2 of TR 38.867 [2]
· Other RRC impacts (RRC states, NCR support indication, SRB/DRB support)
· RRM functions to be supported by NCR-MT
[bookmark: _Toc29245222][bookmark: _Toc37298573][bookmark: _Toc46502335][bookmark: _Toc52749312][bookmark: _Toc108988340]2		Signalling of Side Control Information for Controlling NCR-Fwd
2.1	Beam Indication
In TR 38.867 [2], the following has been stated:
At least for the access link, and at least for FR2, beam information is beneficial and recommended as the side control information for a network-controlled repeater to control the behaviour of the NCR for the access link. 
Regarding the access link beam indication, the beam of access link for NCR-Fwd is indicated by a beam index where both dynamic indication and semi-static indication, including semi-persistent indication, are considered.
Dynamic indications of beam for the NCR-Fwd access link are required to support:
· Multiplexing of NCR-Fwd link resources among multiple UEs.
· Adaptation to UEs’ channel condition variation (e.g. due to mobility).
· Variation in allocated resources on NCR-Fwd link.
Dynamic beam indication allows flexible dynamic scheduling of the user-plane and control plane traffic to the UEs served by the NCR-Fwd link. 
The channels requiring dynamic beam indications include:
· DL-SCH
· UL-SCH
Side control signalling for dynamic beam indication incurs additional control overhead and additional packet delays, both of which should be minimized. There are three options for the side-control signalling: DCI-based at layer-1, MAC-CE based and RRC layer. Among these three options, it appears that DCI-based signalling has the least impact on overhead and latency.  RAN1 is currently investigating the control information requirement and signalling methods for dynamic beam indication for access link.  Thus, any investigation of layer-2 signalling (MAC-CE based or RRC based) for dynamic beam indication should depend on the outcome of the RAN1 work.
Observation 1: For dynamic beam indication, layer-1 signalling appears to be most appropriate for limiting the overhead and latency.
Proposal 1: Further RAN2 work on side-control signalling for dynamic beam indication should wait for the outcome of the ongoing RAN1 work on the topic.
Semi-static beam indications are useful for channels with periodic allocations for the same amounts of time-domain resources and same access link beam direction. The following cell-specific broadcast channels are candidates for semi-static beam indication:
· MIB
· SIB1
· Other SIs
· PRACH
· Paging
MIB and the Type0-PDCCH CSS for SIB1 are transmitted at certain default periodic intervals. The Type0A-PDCCH CSS for Other SIs, Type2-PDCCH CSS for paging channel are configured by RRC for periodic transmissions. PRACH occasions are configured with periodic allocations on the uplink.
Any failure in the appropriate configurations of the access link beam directions for the above cell-specific broadcast channels will lead to network access failures for the UEs connected via the NCR. Thus, these channels must be configured with appropriate beam directions with high reliability and security. 
Observation 2: Side control information containing beam indication for the semi-statically configured channels must be delivered to the NCR-MT reliably.
RRC protocol provides a mechanism for reliable and secure transport of configuration messages.
Proposal 2: NCR-MT acquires the time-domain configurations of cell-specific broadcast channels of NCR-Fwd using RRC protocol messages.
2.2	DL-UL TDD Configuration
According to TR 38.867, at least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
Observation 3: If NCR-MT supports Rel-17 RRC configuration, it can receive the semi-static TDD UL/DL configurations from RRC. For supporting dynamic TDD, the NCR-MT should be capable of receiving DCI format 2_0, which is supported by Rel-17 UEs, or new (not yet specified) DCI format(s) would need to be defined in conjunction with RAN1. 
TR 38.867 also states that for 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

Observation 4: If only Option 1 or only Option 2 is supported, no further side control signalling would be required.
Observation 5: If Option 1 and Option 2 are both supported, but Option 3 is not supported, then the only side control required is to specify signalling for determining which flexible symbol behaviour (Option 1 OR Option 2) should used by NCR-Fwd. This side control could be configured via OAM or RRC signalling (specific RRC signalling would need to be defined in the normative phase).
In our view Option 3 should be treated with lower priority. Option 3 would require new signalling via OAM or RRC (e.g. modifications to RRC Reconfiguration). Furthermore, the use case for Option 3 remains unclear. Assuming NCR-Fwd is operating in the same band as NCR-MT, the TDD operation of the flexible symbols should not conflict; hence, flexible symbols of NCR-Fwd should either be OFF (Option 1) or follow NCR-MT (Option 2). The only exception is if Option 3 is intended to combine Options 1 and 2 (i.e. some flexible symbols are OFF/not forwarding and the remaining flexible symbols are following NCR-MT).
Proposal 3: Treat Option 3 with lower priority since the benefit is not clear and it would require new signalling capability.
2.3	ON-OFF Control
RAN1 is considering several options: explicit ON-OFF state indication, explicit ON-OFF pattern, implicit ON-OFF indication via signalling of other information (e.g. beam information, etc.).
In RAN1#110 it was agreed that NCR-Fwd is expected to be “OFF” unless otherwise indicated (either explicitly or implicitly) by the gNB. This applies regardless of the RRC state of NCR-MT.
Observation 6: Although implicit ON-OFF indication could reduce the side control information, it may leave the ON-OFF state of the NCR-Fwd ambiguous, which could increase interference and degrade UE link quality.
Therefore ON-OFF state should be indicated unambiguously (either through semi-static or dynamic indication). To reduce overhead, this could be coupled with the beam indication (i.e. ON-OFF state indicated alongside beam state) so that additional signalling is minimized.
Proposal 4: Indicate ON-OFF state of NCR-Fwd jointly with beam indication.
Scheduler complexity at the gNB may also need to be considered depending on the ON-OFF patterns configured at the NCR-Fwd.
Further conclusions regarding higher layer signalling behaviour are dependent on RAN1 conclusions.
3		Control Plane Signalling and Procedures for NCR-MT
3.1	Configuration of Signalling for Side Control Information
Section 72 of TR 38.867 presents three options for the NCR-MT to obtain the necessary configuration for receiving the L1/L2 signalling of the side control information:
· Option 1: The necessary configuration is from RRC.
· Option 2: The necessary configuration is from OAM or hard-coded.
· Option 3: The necessary configuration is partially configured by RRC and partially configured by OAM or hard-coded.
The necessary configurations from RRC and/or OAM (or hard-coded) contain:
· The configurations of PHY channels to carry the L1/L2 signaling including 
· The configurations for receiving PDCCH and PDSCH.
· The configurations for transmitting PUCCH, if needed.
· The configurations for transmitting PUSCH, if needed.
· The configurations of L1/L2 signaling including
· The configurations for DCI.
· The configurations for UCI, if needed.
· The configurations for MAC CE, if needed.
For the parameters in the necessary configurations for L1/L2 signaling, the existing parameters for PDCCH, PDSCH, PUCCH, PUSCH, DCI, UCI and MAC CE in Rel-17 are the baseline for further discussion. 
As emphasized in RAN#97e, inter-vendor interoperability must be supported. If NCR-MT uses OAM to obtain the configuration for L1/L2 signalling of side control, it cannot be based on an OAM-interface between the NCR and gNB (i.e. NCR should be able to obtain the OAM-based configuration locally at NCR side). Furthermore, it cannot conflict with capabilities of the gNB. Therefore, at minimum, NCR-MT should be able to obtain default configuration settings from the network (e.g. through SIB).
In general, hard-coded configurations should be avoided since they are not future proof. 
Therefore, it is preferable if NCR-MT uses RRC to obtain the configuration for L1/L2 signalling of side-control. If RAN1 determines that parameter modifications are required beyond the existing Rel-17 parameters for PDCCH, PDSCH, PUCCH, PUSCH, DCI, UCI and MAC CE, then new RRC information elements may need to be defined to configure L1/L2 side-control signalling.
Proposal 5: NCR-MT should obtain the necessary configuration for L1/L2 signalling of side control through RRC (Option 1). OAM-based solutions might be left to specific implementation, but to maintain inter-vendor interoperability, default configuration settings need to be indicated by the network and supported by the NCR. Hard-coded solutions should be avoided.
3.2	Other RRC Impacts
NCR-MT would need to support RRC Idle and RRC Connected states, at minimum. Depending on timing constraints related to user scheduling, beam management, etc., it might be impractical to manage DRX of the NCR-MT to switch from Idle to Connected with minimal latency. For this reason, NCR-MT would benefit by operating in RRC Connected mode by default. An NCR would also be expected to have a continuous power supply, hence less need to operate in a lower power state. 
Proposal 6: NCR-MT should support RRC Idle and RRC Connected states, with RRC Connected being the default mode of operation (RRC Idle being used during initial access and as error fallback state).
In our view it will be necessary for the gNB to explicitly indicate support for NCR via SIB (e.g., SIB1, similar to how gNB indicates support for IAB). Otherwise, it is unclear how side control information can be properly signalled between the gNB and NCR (assuming side-control is configured by RRC).
Proposal 7: gNB should explicitly indicate support for NCR through SIB.
Assuming that side-control is configured by RRC, in normal operation NCR-MT would only need to rely on SRBs to receive side-control signalling. DRB would still be needed by NCR-MT for certain communication (e.g. basic OAM management of the NCR); however, we do not consider that side-control signalling would be received over DRB.
NOTE: 	It is assumed that NCR will not need to support EN-DC or application layer measurements, hence no need to support SRB3 or SRB4.
Proposal 8: NCR-MT should support SRB0/1/2 and DRB.
4		RRM Functions to be Supported by NCR-MT
Discuss and decide the applicable RRM functions (e.g. RRM measurements, cell (re)selection, handover, RLM/BFD) for NCR-MT and inform RAN4.
In our view, different RRM functionality may be considered based on assumptions of the NCR deployment scenario:
· Scenario 1: NCR extends coverage for a specific cell, e.g. NCR is “locked” onto a cell
· Scenario 2: NCR extends coverage for a specific group of cells (or a specific gNB), e.g. NCR is “locked” onto a gNB and/or has a cell whitelist (it is assumed that the cells are on the same band)
· Scenario 3: NCR extends coverage for a specific band/carrier, without consideration for the cell/gNB
In all scenarios, basic measurement functionality is needed to support beam management of the NCR-MT (and hence beam management of the NCR-Fwd) and radio link recovery.
Proposal 9: NCR-MT should support beam failure detection/recovery and radio link failure detection/recovery.
Scenario 1 is very simple to implement, in that it does not require handover (and hence measurement reports) to be supported. In normal operation, LOS may be assumed between the NCR and parent gNB, meaning that Scenario 1 could be a suitable starting point to consider. However, this scenario lacks some robustness, e.g. if the radio link of the cell degrades or is lost completely, the NCR-MT and served UEs may lose service altogether unless another cell can be selected. In the event of serving cell failure, NCR-MT should be able to measure and select another available cell that supports NCR capabilities.
Scenarios 2 and 3 could be studied further in the future. In these scenarios, NCR-MT would need to support intrafrequency measurement reporting and intrafrequency handover.
Whether interfrequency (re)selection/handover is to be supported is FFS, and would depend on whether the NCR-MT is expected to provide multi-band operation.
Proposal 10: NCR-MT should support cell (re)selection. Handover requirements may be studied in the future.
5		Conclusion
In the above discussions, we made the following observations and proposals:
5.1	Observations
Regarding the signalling of side control information for controlling NCR-Fwd:
Observation 1: For dynamic beam indication, layer-1 signalling appears to be most appropriate for limiting the overhead and latency.
Observation 2: Side control information containing beam indication for the semi-statically configured channels must be delivered to the NCR-MT reliably.
Observation 3: If NCR-MT supports Rel-17 RRC configuration, it can receive the semi-static TDD UL/DL configurations from RRC. For supporting dynamic TDD, the NCR-MT should be capable of receiving DCI format 2_0, which is supported by Rel-17 UEs, or new (not yet specified) DCI format(s) would need to be defined in conjunction with RAN1. 
Observation 4: For NCR-Fwd TDD behaviour during flexible symbols, if only Option 1 (NCR-Fwd is OFF during flexible symbols) or only Option 2 (NCR-Fwd follows NCR-MT TDD behaviour during flexible symbols) is supported, no further side control signalling would be required.
Observation 5: If Option 1 and Option 2 are both supported, but Option 3 (NCR-Fwd behaviour during flexible symbols is determined by new dynamic side control) is not supported, then the only side control required is to specify signalling for determining which flexible symbol behaviour (Option 1 OR Option 2) should used by NCR-Fwd. This side control could be configured via OAM or RRC signalling (specific RRC signalling would need to be defined in the normative phase).
Observation 6: Although implicit ON-OFF indication could reduce the side control information, it may leave the ON-OFF state of the NCR-Fwd ambiguous, which could increase interference and degrade UE link quality.
5.2	Proposals
Regarding the signalling of side control information for controlling NCR-Fwd:
Proposal 1: Further RAN2 work on side-control signalling for dynamic beam indication should wait for the outcome of the ongoing RAN1 work on the topic.
Proposal 2: NCR-MT acquires the time-domain configurations of cell-specific broadcast channels of NCR-Fwd using RRC protocol messages.
Proposal 3: For NCR-Fwd TDD behaviour during flexible symbols, treat Option 3 (NCR-Fwd behaviour during flexible symbols is determined by new dynamic side control) with lower priority since the benefit is not clear and it would require new signalling capability.
Proposal 4: Indicate ON-OFF state of NCR-Fwd jointly with beam indication.
Regarding the control plane signalling and procedures for NCR-MT:
Proposal 5: NCR-MT should obtain the necessary configuration for L1/L2 signalling of side control through RRC (Option 1). OAM-based solutions might be left to specific implementation, but to maintain inter-vendor interoperability, default configuration settings need to be indicated by the network and supported by the NCR. Hard-coded solutions should be avoided.
Proposal 6: NCR-MT should support RRC Idle and RRC Connected states, with RRC Connected being the default mode of operation (RRC Idle being used during initial access and as error fallback state).
Proposal 7: gNB should explicitly indicate support for NCR through SIB.
Proposal 8: NCR-MT should support SRB0/1/2 and DRB.
Regarding the RRM functions to be supported by NCR-MT:
Proposal 9: NCR-MT should support beam failure detection/recovery and radio link failure detection/recovery.
Proposal 10: NCR-MT should support cell (re)selection. Handover requirements may be studied in the future.
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