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Introduction
During RAN1#109-e [2], the study item for investigating NR network-controlled repeaters was investigated and discussed. 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. Some alternatives for the side-control information have been proposed in this SID objectives [1]. 
In RAN1#109-e [2], the aspects regarding the modelling and terminologies were discussed, where the following agreements were made:
	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. 
Agreement 
Capture the following assumption of network-controlled repeater in TR 38.867.
· At least one of the NCR-MT’s carrier(s) should be within the set of carriers forwarded by the NCR-Fwd in same frequency range.
· The NCR-MT and NCR-Fwd operating in the same carrier is prioritized for the study.
Agreement
Capture the following assumption of network-controlled repeater in TR 38.867.
· As baseline, same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link (at least when the NCR-MT and NCR-Fwd operating in same carrier). 
Agreement
Recommend to capture the following examples of the transmission/reception of C-link and backhaul link by NCR in TR 38.867.
· The DL of C-link and DL of backhaul link can be performed simultaneously or in TDM way.
· The UL of C-link and UL of backhaul link can be performed in TDM way
· Note-1: Multiplexing is under the control of gNB with consideration for NCR capability
Note-2: Simultaneous transmission of the UL of C-link and UL of backhaul link is subject to NCR’s capability



We believe that the features that certainly differentiate the network-controlled repeaters from legacy RF repeaters are the beamforming, dynamic Tx/Rx switching for TDD, and ON-OFF capabilities. In this section the beamforming and full duplexing mode aspects are considered. 
Proposal 1 Consider prioritizing the study on supporting side-control information for beam management, TDD, and ON-OFF aspects in network-controlled repeater design.
Beam Management Side-Control Information
C-link and Backhaul-link
In RAN1 #109-e [2], the following agreements on side control information for beam management at NCR-MT and NCR-FWD, for both C-link and backhaul-link were made. 
	Agreement 
Both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link.
· FFS: the mechanism for indication and determination of beam.
· Note: Fixed beam refers to the case that beam at NCR for both C-link and backhaul-link cannot be changed.
Agreement 
[bookmark: _Hlk110584620]As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 
Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.




[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 2. 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 3. Consider using separate beam indication at NCR-MT and NCR-FWD, for C-link and BH-Link, respectively.

0. Access-link
In RAN1 #109-e [2], the following agreements on side control information for beam management between NCR and UEs at the access-link for NCR-FWD were made. 
	Agreement
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behavior of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion
Agreement 
Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link
Agreement 
The beam correspondence is assumed for: 
· the DL/UL of the access link at NCR-Fwd




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 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 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 4. Consider beam associations in indication of the beam resources at NCR-FWD for the access-link.
TDD Side-Control Information
In RAN1 #109-e, the following agreement on supporting TDD side control information was made. 
	Agreement 
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.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.



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.
Proposal 5. 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 #109-e, the following agreements on supporting ON-OFF side control information were made. 
	Agreement 
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behavior of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information

Agreement 
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 signaling) 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 signaling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.



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.
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 information, 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 3. In ON-OFF side control information, Option 1 for explicit signalling, may be more efficient in NCR with frequent use-cases, whereas Option 2 for implicit signalling, may be more efficient in NCR use-cases with long idle modes of operation.
Proposal 6. Consider Option 3 in ON-OFF side control information signalling, where the combination of explicit and implicit indication is used.

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 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 association of beam resources.
Observation 3. In ON-OFF side control information, Option 1 for explicit signalling, may be more efficient in NCR with frequent use-cases, whereas Option 2 for implicit signalling, may be more efficient in NCR use-cases with long idle modes of operation.

Proposal 1. Consider prioritizing the study on supporting side-control information for beam management, TDD, and ON-OFF aspects in network-controlled repeater design.
[bookmark: _Hlk67922231]Proposal 2. 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 3. Consider using separate beam indication at NCR-MT and NCR-FWD, for C-link and BH-Link, respectively.
Proposal 4. Consider beam associations in indication of the beam resources at NCR-FWD for the access-link.
Proposal 5. 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 6. Consider Option 3 in ON-OFF side control information signalling, where the combination of explicit and implicit indication is used.
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