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Introduction
A new WID on NR network-controlled repeaters was approved in RAN#97-e [1], where the objectives identified for the work item are as follows:
	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 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.

Specify control plane signaling and procedures [RAN2, RAN1]
· The configuration of signaling 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.




In this contribution, we further discuss the aspects with regards to the required side control information for enabling NR network-controlled repeaters.
Discussions
Network-controlled repeaters can be considered as repeater (relay) nodes that can be configured via side control information to perform further advanced/smart operations. 
In RAN1#109-e [2], the model and terminologies for the network controlled repeaters were agreed as below: 
	Agreement
Capture the following model of network-controlled repeater in TR 38.867.
[image: ]
· 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. 




In RAN1#110 [3], the aspects regarding side-control information in network-controlled repeaters were discussed and following agreements were made:
	Agreement
The following TP is agreed as the conclusion for the TR on NWC repeater for RAN1.
RAN1 has studied the side control information for NCR with corresponding signalling (including its configuration). 
The following are recommended to be specified as part of Rel-18 NCR WI from RAN1’s perspective:
· Beam information as side control information
· ON-OFF information as side control information
· UL-DL TDD configuration and NCR’s behavior over flexible symbols.

Agreement
For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay. 




Beam Management Side-Control Information
C-link and Backhaul-link
[Determination of the beams at NCR-FWD for BH-link]
In RAN1#109-e [2], adaptive beamforming was agreed to be enabled for the NR network-controlled repeaters with BM side control information at NCR-MT and NCR-FWD for C-link and BH-link. The determination of the beams at the NCR-MT for C-link can be accomplished based on legacy beam management procedures. As for NCR-FWD at BH-link, the beam selection/determination should be accomplished at NCR-MT module and based on the BM side-control information. 
In RAN1 #109-e [2], several agreements were made on system model, which were mainly on prioritizing the NCR-MT and NCR-FWD operation in the same carrier. However, even for the NCR-MT and NCR-FWD operating in the same carrier, the two may be scheduled in different frequency resources within the band. Moreover, it is possible that separate transmission antennas are used at the gNB for C-link and BH-link. 
As such, the beam management/selection for the BH-Link should be done separate from the beam management procedure for the C-link. In other words, while the NCR-MT can accomplish the beam selection for the BH-link based on the legacy beam management procedures, it should be performed based on side-control information specifically configured for the BH-Link (that may be different from the C-Link).
Proposal 1. Consider using the legacy beam management procedure by NCR-MT for determining beams at NCR-MT and NCR-FWD for C-link and BH-link, respectively.
[Indication of the beams at NCR-FWD for BH-link]
In RAN1#109-e [2], it was agreed on mainly prioritizing the NCR-MT and NCR-FWD operation in the same carrier. In such system model, it was agreed that the same large-scale properties of the channel such as TCI-states could be assumed for the beams at C-link and BH-link. 
Having said that, the allocated resources and specifically configured beams could be different for the two functions, due to the different functionalities of NCR-MT and NCR-FWD. In other words, the selected beams and TCI states for different modules are based on gNB implementation. This is the same as current implementation, where PDCCH and PDSCH may have different TCI states. In fact, the beam for NCR-MT may change more dynamically, based on gNB indication configured by RRC or signaled by MAC CE or DCI, whereas the beam for NCR-FWD may face fewer dynamic changes. Moreover, the multi-carrier operation specially for NCR-FWD may affect the selected beam and TCI states for the NCR-FWD that may be different from the beam/TCI state used for NCR-MT. 
As such, separate beam indication should be considered at NCR-MT and NCT-FWD for C-link and BH-link, respectively. In this case, it is possible for gNB to choose a first beam at the NCR-MT for C-link connection and a separate second beam at the NCR-FW for BH-link connection.
Proposal 2. Consider using separate beam indication at NCR-MT and NCR-FWD, for C-link and BH-Link, respectively.


Access-link
In RAN1#110 [3], the following agreement on side control information for beam management at NCR-FWD for access link was made:
	Agreement
The time domain resource corresponding to an access link beam can be determined with following options:
· Option 1: Explicit determination based on the explicitly indicated the time domain resources per beam indication
Note-1: Different parameters may be indicated for semi-static or dynamic beam indication
Note 2: One or multiple beams can be indicated via single beam indication.




Considering the dynamic beam indications for the beam resources of access link for NCR-FWD, beam management based on beam sweeping has proven to be an effective procedure for finding the best beam between the UE and gNB. Considering the network-controlled repeaters with beamforming capabilities, the beam sweeping needs to be performed between the repeaters and UEs, see Fig.1. 
As such, the smart repeater can be configured with beamforming pattern information and CSI-RS/SSB resources for beam sweeping procedure. However, one main issue with beam sweeping at the repeater is the need for the gNB to transmit CSI-RS/SSB signals per beam direction for the repeater to forward them toward the UEs. This could add extra overhead and consume time resources at gNB in case of repeater with large number of the beams.
Observation 1. The legacy beam sweeping procedure between network-controlled repeater and UEs can cause increased complexity and overhead, and consume time resources at the gNB, specifically in case of network-controlled repeaters with large number of beams.
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Fig. 1, Illustration on network-controlled repeater’s beam sweeping
[Indication of beams at NCR-FWD for access link based on association of CSI-RS resources]
The network can associate different beam resources (e.g., CSI-RS resources, SSB, etc.) with sets of beam resources, with regards to the beam sweeping at the NCR-FWD access link, e.g., with different beamwidth. Therefore, by associating beam resources (beam arrangement) in different beam resource sets, the repeater may be configured to perform beam sweeping over one or more beam resource sets that are associated with a configured beam resource (e.g., CSI-RS, SSB). 
As such, the network sends configuration of one or more beam resources to the repeater and further configures the repeater to perform beam sweeping for the beam resource sets that are associated with the configured beam resources. This could result in much lower overhead at the gNB.
Observation 2. The overhead at gNB, caused by beam sweeping between network-controlled repeater and UEs at NCR-FWD for the access link, can be reduced by the association of beam resources.
Proposal 3. Consider beam associations/arrangement in indication of the beam resources at NCR-FWD for the access-link.
[Time Domain Indication for NCR-FWD Access Link Beam]
Based on the discussions in RAN1 #110, beam index was agreed to be used to indicate an access link beam, where the beam index can be denoted as a unified means of indication for all channels/signals. This is due to the fact that the NCR-FWD may not be expected to have any signal/channel awareness and so while RS-based schemes cannot be an efficient alternative, the beam index is used as the means of indication for access link beam.
It was also agreed to have explicit indication of time resources per beam indication for NCR-FWD access link beam. The time domain indication per beam can be performed at slot level similar to parameter slot index (e.g., similar to IAB), where the symbol level indication should also be considered that can be implemented based on SLIV indication, for example. In addition to the time-domain indication of the access link beam, the UL/DL transmission direction should also be determined that can be in line with respective UL/DL TDD configuration. Moreover, there should be a means of one or more default beam configuration/indication to be used during the initial access and before explicit beam indication and respective time resources are configured (e.g., for SSB and PRACH). 
In addition, the time domain indication per beam indication should be considered for cases with hierarchical spatial relations and beam associations (wide and narrow beams associations), where one or multiple beams can be indicated via single beam indication. As such, upon reception of the time domain resources for a beam indication, the indication can be used for all beam resources that are associated with the indicated beam (e.g., in a TDM scheme).
Observation 3. In time domain indication for NCR-FWD access link beams different aspects should be considered, including slot level and symbol level indications, UL/DL directions, beam associations/arrangements, as well as default beam configurations.

Proposal 4. Consider below aspects for indication of time domain resources for NCR-FWD access link beams:
· Slot level and symbol level time domain indication
· TDD configuration for UL/DL direction within configured time domain resources
· One or more default beam configurations (e.g., for initial access)
· Beam associations/arrangement 


NCR Capability Information Reporting
In RAN1#109-e, both fixed and adaptive beams were agreed to be considered for NCR-FWD, where the support of the two options is subject to NCR’s capability. As such, the NCR capability information should be identified to be further reported by NCR to the gNB.
As for the NCR-FWD for backhaul link, the NCR’s capability to support adaptive (configurable) beam or only the fixed beam is an essential information to be reported. Also, it is necessary for NCR to report its capability to apply different/separate beam indication at NCR-MT and NCR-FWD, for C-link and BH-Link, respectively.
As for the NCR-FWD for access-link, there are some further information that needs to be reported. The total number of supported beams and respective beamwidth (beam type) for NCR-FWD access link are part of the main information that should be reported as an NCR capability, denoting the antenna array configuration at NCR-FWD for access link. The beamwidth can be reported via a flag indicating narrow or wide beamwidth that is determined according to (pre)configured indications, that can be different based on frequency range (FR), for example. The number of beams that can operate simultaneously should be another NCR capability information to be reported, denoting the panels configuration at NCR-FWD for access link. 
Moreover, the number of the beams at NCR-FWD for access link that can be indicated via single beam indication should be considered as part of NCR capability report, that is beam arrangement and hierarchical spatial relation considered between different beam types (e.g., SSB beams and CSI-RS beams with narrow or wide beamwidths). Considering the beam arrangement and indication of one or more beams using a single (associated) beam indication can reduce the gNB complexity, overhead, and latency during beam sweeping for NCR-FWD access link.
Observation 4. The NCR capability information is required to be reported in particular for supporting NCR-FWD access link, where information may implicitly entail antenna array and panels configuration, allowing the gNB to know how many candidate beams and potentially simultaneous beams can be used at NCR-FWD for access link.
Proposal 5. Consider below NCR capabilities to be reported for NCR-FWD access link:
· Total number of supported beams and respective beamwidth (beam type) 
· Number of beams that can operate simultaneously
· Beam associations/arrangement at NCR-FWD access link 

TDD Side-Control Information
In RAN1#110 [3], the following agreement on supporting TDD side control information was made: 
	Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols
· 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 
· Note: 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



In NR time division duplex (TDD), transmission pattern can be configured per slot (e.g., via TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedciated, SFI), where the patterns include uplink (UL), downlink (DL) and flexible (F). While the UL and DL slots include symbols dedicated for UL and DL, respectively, the transmission pattern for the symbols in flexible slots can be configured based on Slot Format (e.g., SFI via DCI).
In order to support TDD operation in NCRs, the transmission pattern for flexible slots should be indicated. As such, the NCR needs to receive dynamic indications along with semi-static slot format configurations in order for NCR to operate efficiently for C-link, BH-link, as well as access link in TDD framework. 
Otherwise, in case the NCR is not configured with the potentially dynamic changes in slot format configurations, the NCR may assume a (pre)configured forwarding pattern/direction that may finally result in losing the respective flexible slot due to inconsistency with the configured transmission pattern. Option 1 considers switching the NCR to OFF to avoid such ambiguity and inconsistency. However, this results in not using respective time and frequency resources efficiently.
In Option 2, NCR-FWD is expected to follow the TDD configuration that is determined for NCR-MT (e.g., based on SFI signalling via DCI). However, the TDD configuration for flexible symbols/slots for NCR-MT may be based on different traffic requirements than the NCR-FWD. In other words, while the NW may have a DL-oriented TDD scheduling, the NCR forward may require more UL symbols (e.g., for UL coverage enhancement). As such, the flexible symbol that is configured as DL for NCR-MT may need to be configured as UL for NCR-FWD.
Observation 5. Option 2 for considering the NCR-FWD to use the same TDD configuration as NCR-MT may result in suboptimal scheduling of the flexible symbols for the NCR-FWD.
Option 3 with NCR-FWD having dedicated (new) dynamic side control signaling of DL/UL forwarding over flexible symbols can achieve the objectives foreseen for the network-controlled receivers as well as the dynamic TDD, such as reduced latency, increased spectral efficiency, and enhanced scheduling flexibility.
Observation 6. Option 3 with dedicated side control signalling of DL/UL for the flexible symbols in NCR-FWD allows flexible scheduling and lower latency.
Proposal 6. Support Option 3 in TDD side control information. Consider providing side control information in both dynamic and semi-static TDD pattern configuration, including flexible symbols for NCR operation at C-link, BH-link, as well as access link.
ON-OFF Side-Control Information
In RAN1#110 [3], the following agreement on supporting ON-OFF side control information was made: 
	Agreement
The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB.
· Note-1: This applies to the case regardless of the RRC state of NCR-MT.
· Note-2: Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behavior of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.
The above is not meant to imply any signalling design for NCR-Fwd ON-OFF.




The ability to turn off the NCR-FWD function (when repeater forwarding operation is not required) can enhance the power saving and interference mitigation aspects in NCR operation. This can be managed without turning off the whole NCR, as NCR-MT function may still be required to stay active/standby at times to receive (side) control information. As such, while NCR-MT can operate in standby/power saving mode, the NCR-FWD can be turned ON/OFF. This was discussed and reflected as above agreement, where the NCR-FWD is by default in state “OFF”, unless an implicit or explicit indication for its activation is indicated. 
Considering the indication of the ON-OFF signalling, three options were agreed for further study in RAN1#109-e [2]. Option 1 is based on explicit indication of the ON-OFF state/pattern of the NCR, where the ON-OFF status/pattern could be configured through dynamic or semi-static signalling. Option 2 is based on implicit indication, where the ON-OFF status is determined based on configuration (e.g., initial access SSB and PRACH), triggers, or commands received for other purposes (e.g., scheduled resources/beams, UL/DL configuration, etc.). The third option mainly includes the solutions that are based on combination of explicit and implicit signalling.
While Option 2 could be the most efficient mode in the context of signalling payload, it may cause ambiguities in different use-cases. For example, consider a scenario in which the beam allocations or UL/DL scheduled resources are used as the implicit indication of the ON-OFF status of the NCR. Since the beam arrangements and scheduled resources are gNB implementation, they can change at any time and dynamically. As such, an NCR that was turned OFF (e.g., due to no foreseen scheduled resources) may need to turn ON due to a sudden/dynamic resource allocation from gNB. Of course, gNB is able to avoid such sudden changes; however, such limitations may affect the performance of NCRs. In other words, Option 1 seems to be the optimal option for the scenarios where NCR is used frequently and potentially in a (pre)configured pattern. 
On the other hand, in cases where NCR is used occasionally and that it might experience long idle (DRX) modes, option 2 and implicit indication (e.g., based on receiving a trigger or command for beam arrangement, scheduled resources, etc.) seems to be the optimal option. 
In other words, considering the ON-OFF signalling to NCR based on the combination of explicit and implicit signalling (e.g., according to the NCR use-case) can be the best option.
Observation 7. In ON-OFF side control information, explicit signalling may be more efficient in NCR with frequent use-cases, whereas implicit signalling may be more efficient in NCR use-cases with long idle modes of operation.
Proposal 7. Consider the ON-OFF side control information signalling to be a combination of explicit and implicit indications.

Summary
In this contribution, we discussed the side control information required to enable NR network-controlled repeaters. As follows, the observations and proposals are provided:
Observation 1. The legacy beam sweeping procedure between network-controlled repeater and UEs can cause increased complexity and overhead, and consume time resources at the gNB, specifically in case of network-controlled repeaters with large number of beams.
Observation 2. The overhead at gNB, caused by beam sweeping between network-controlled repeater and UEs at NCR-FWD for the access link, can be reduced by the association of beam resources.
Observation 3. In time domain indication for NCR-FWD access link beams different aspects should be considered, including slot level and symbol level indications, UL/DL directions, beam associations/arrangements, as well as default beam configurations.
Observation 4. The NCR capability information is required to be reported in particular for supporting NCR-FWD access link, where information may implicitly entail antenna array and panels configuration, allowing the gNB to know how many candidate beams and potentially simultaneous beams can be used at NCR-FWD for access link.
Observation 5. Option 2 for considering the NCR-FWD to use the same TDD configuration as NCR-MT may result in suboptimal scheduling of the flexible symbols for the NCR-FWD.
Observation 6. Option 3 with dedicated side control signalling of DL/UL for the flexible symbols in NCR-FWD allows flexible scheduling and lower latency.
Observation 7. In ON-OFF side control information, explicit signalling may be more efficient in NCR with frequent use-cases, whereas implicit signalling may be more efficient in NCR use-cases with long idle modes of operation.

Proposal 1. Consider using the legacy beam management procedure by NCR-MT for determining beams at NCR-MT and NCR-FWD for C-link and BH-link, respectively.
Proposal 2. Consider using separate beam indication at NCR-MT and NCR-FWD, for C-link and BH-Link, respectively.
Proposal 3. Consider beam associations/arrangement in indication of the beam resources at NCR-FWD for the access-link.
Proposal 4. Consider below aspects for indication of time domain resources for NCR-FWD access link beams:
· Slot level and symbol level time domain indication
· TDD configuration for UL/DL direction within configured time domain resources
· One or more default beam configurations (e.g., for initial access)
· Beam associations/arrangement 
Proposal 5. Consider below NCR capabilities to be reported for NCR-FWD access link:
· Total number of supported beams and respective beamwidth (beam type) 
· Number of beams that can operate simultaneously
· Beam associations/arrangement at NCR-FWD access link 
Proposal 6. Support Option 3 in TDD side control information. Consider providing side control information in both dynamic and semi-static TDD pattern configuration, including flexible symbols for NCR operation at C-link, BH-link, as well as access link.
Proposal 7. Consider the ON-OFF side control information signalling to be a combination of explicit and implicit indications.
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