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Introduction
In RAN1#110, RAN1 continued the discussion on L1/L2 signaling for side control information to support network-controlled repeaters (NCRs) in NR. Based on the discussion, several agreements were reached [1]. In this contribution, we discuss potential enhancements for the remaining aspects of L1/L2 signaling for NCRs and the associated standard impact. 
Discussion
NCRs can be considered as legacy repeater (relays) nodes with advanced capabilities supported by the side control information identified in the SID [2]. These include beamforming at the repeater, UL-DL TDD operation, efficient interference/power management via ON-OFF functionality and power control, and time aligning transmission/reception boundaries of the repeater. 
[bookmark: _Hlk111044859]Signalling for Beamforming
In RAN1 #110 [1], the following agreements were made for signaling regarding beam management.
	[bookmark: _Hlk114834517]Agreement: 
Beam index is used to indicate an access link beam (Option 1).
[bookmark: _Hlk114834563]Agreement: 
Both slot-level and symbol-level granularity are recommended for the time-domain resource indication and determination of the access link beam.
[bookmark: _Hlk114834653]Agreement: 
Both dynamic beam indication and semi-static beam indication are recommended for access link.
· Note: the semi-static beam indication includes the semi-persistent indication.
Working Assumption
In access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.
· The forwarding direction of an indicated beam in access link can be determined based on its corresponding time domain resource and the UL/DL TDD configuration.
· Note: The forwarding behavior (or the forwarding direction) of an indicated beam in access link in flexible symbols is separately discussed in 9.8.1.

[bookmark: _Hlk114834796]Agreement
In case that adaptive beams are adopted for C-link and backhaul link, the following mechanisms can be considered for the indication and determination of beams of backhaul link:
· Option 1: The beam of backhaul link is indicated by a new signaling.
· The new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE) indicating a beam(s) from the set of beams of the C-link
· This does not imply that the beam of backhaul link is always indicated by the new signaling
· Option 2: The beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. Otherwise, the beam of backhaul link follows one of the beams of the C link.
· Other predefined rules are not precluded.




Backhaul (BH) Link
In this section, we provide our views based on the following cases:
· Case 1: Common beam is used for both C-link and BH-link, e.g., if NCR-MT’s carrier(s) are within the carriers forwarded by NCR-Fwd.
· Case 2: Different beams are used for C-link and BH-link, e.g., if NCR-MT’s carrier(s) are different from the carriers forwarded by NCR-Fwd.
The legacy beam management (BM) procedures can be reused for beam selection for C-link. For Case 1, the selected beam based on the legacy BM procedures can be used for BH-link. However, separate beam selection may be needed for Case 2. Based on the separate beam selection, additional signaling can be required for BH-link beam indication in addition to beam indication signaling for C-link. Since the agreed baseline case in AI 9.8.1 relies on reusing TCI states for Case 1, it is preferred to use an identical beam indication mechanism for Case 2 unless significant benefits by introducing new beam indication mechanism are justified. So far, we failed to observe such significant benefits from having a new indication mechanism. Having said that, we propose to support separate beam indication mechanism for BH-link by reusing an indication mechanism based on TCI states for Case 2 similar to Case 1. For Option 2, it should be clarified how to determine the C-link beam to be used by BH-link when there is only BH-link transmission/reception. For now, we support Option 2 when there is simultaneous transmission/reception in both C-link and BH-link, and Option 1 otherwise.   
[bookmark: _Hlk115189127]Proposal 1: Support Option 2 when there is simultaneous transmission/reception in both C-link and BH-link, and Option 1 otherwise.
· For Option 2, it should be clarified how to determine the C-link beam to be used by BH-link when there is only BH-link transmission/reception.
Furthermore, adaptive beams should be considered as a baseline or at least prioritized over fixed beams for the C-link and BH-link. Otherwise, the NCR is just like a legacy repeater and there’s no spec difference. Moreover, adaptive beams enable NCR to use legacy BFR process in case of blockages
[bookmark: _Hlk115189133][bookmark: _Hlk111213804]Proposal 2: NCR to support adaptive beams for both C-link and BH-link as a baseline.

Access Link
Beam Failure Recovery (BFR) Procedure
In the legacy BFR procedure, a UE periodically monitors a set of monitoring beams to identify beam failures and selects a new beam from a set of candidate beams if a beam failure is detected. Selecting a new beam is based on beam measurements performed by the UE on the candidate beam set. Extending legacy BFR procedure directly to monitor candidate beams in a two-hop network, like NCR enabled network, can be challenging. For example, if NCR-Fwd link has N candidate beams and the Access link has M candidate beams, UE have to monitor N x M candidate beam combinations to identify suitable new beams for two links. This can lead to waste of time resources as beam sweeping has to be performed in TDD fashion and introduce unwanted delays in the BFR process. In addition, it should be noted that there can be multiple NCRs within a gNB coverage. Having multiple NCRs associated with a gNB may further increase the resource overhead and may introduce additional latency. 
[bookmark: _Hlk111213830]Observation 1: Extension of the legacy BFR procedure for NCR requires a higher overhead than BFR procedure for traditional networks due to additional beam sweeping of access link beams for each BH-link beam. 
[bookmark: _Hlk111213836][bookmark: _Hlk115189149]Proposal 3: Study efficient BFR procedures for NCR enabled networks, possibly considering the specific characteristics of these networks. 
Signaling UL-DL TDD Configuration
Supporting UL-DL TDD configuration is important for NCRs as it removes the requirement for a duplex filter resulting a low complex receiver. Also, TDD gives UL-DL channel reciprocity which can help beam management, another key feature of NCR enabled networks. In RAN1#109-e meeting [3], L1/L2 signaling for NCR was extensively discussed, and the following agreement was made. 
	Agreement
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.



Also, the following relevant agreements were made in the companion discussion under AI 9.8.1 in RAN1#109-e meeting [3] and RAN1#110 meeting [1].
	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.

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



Based on the above agreements, at least semi-static TDD UL/DL configuration is supported for C-link, backhaul link and the access link in NCR enabled networks. Whether to support dynamic TDD UL/DL configuration by handling flexible symbols, and if supported details on signaling mechanism are yet to be decided.
Supporting dynamic TDD will give gNB the freedom to schedule UL/DL TDD configurations to balance UL/DL load. This can help to improve the overall performance of NCR enabled networks. Therefore, we do not support not forwarding or switching off NCR-Fwd functionality during flexible symbols. 
To support dynamic TDD operation for NCR, the transmission pattern for flexible slots needs to be dynamically indicated. According to the agreements so far, NCR-MT is expected to receive necessary configurations from RRC and/or OAM (or had-coded) to receive PDCCH/DCI. With such configuration, NCR will have the necessary capabilities to receive scheduling information from the gNB and receive DCI format 2_0. Therefore, NR dynamic TDD indication mechanisms can be re-used to configure both NCR-MT and NCR-Fwd. 
[bookmark: _Hlk115189172]Observation 2: Supporting dynamic TDD can improve the overall performance of NCR enabled network. 
Observation 3: NCR can receive both scheduling information and dynamic TDD UL/DL configuration from the gNB using the existing NR based signaling procedures. 
[bookmark: _Hlk115189177]Proposal 4: Use NR dynamic TDD indication mechanisms to configure both NCR-MT and NCR-Fwd with minimum specification impact.  
[bookmark: _Hlk111044941]Signalling for Timing
In RAN1 #110 [1], the following agreement was made for signaling for timing alignment.
	Agreement: 
Update the agreement achieved in RAN1#109e as follows:
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be is unnecessary.
· FFS: the impact of internal delay




In an NCR enabled network, a UE may receive a transmitted signal from both NCR and gNB, simultaneously. Although, this may improve received signal power, the signal received from the repeater will typically travel more distance than the signal received directly from the gNB. In this scenario, the signal from the repeater will act as a delayed path. This phenomenon may result in high delay spread when the UE receives a signal from both gNB and NCR at the same time. In NR, CP sizes are standardized and may be insufficient. Moreover, the internal delay of the repeater may contribute to the increase in delay spread observed by the UE.
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Figure 1 Delay spread characteristics experienced in different scenarios.
[bookmark: _Hlk111214039]Observation 4: UE may experience high delay spread when receiving signal from both, gNB and NCR, simultaneously.
Observation 5: The current specification may not be efficient to support UE with high delay spreads experienced in NCR enabled network.
[bookmark: _Hlk111214047][bookmark: _Hlk115189202]Proposal 5: Study efficient CP size adaptation mechanisms for NCR enabled networks.
ON-OFF Signaling 
In RAN1#109-e [1], ON-OFF signaling for NCR was extensively discussed and the following agreement was made. 
	Agreement
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.



Further, the following relevant agreements were made in the companion discussion under AI 9.8.1 in RAN1#109-e meeting [3] and RAN1#110 meeting [1].

	Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour 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 behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) 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 signalling 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.

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 behaviour 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.



When the NCR-Fwd function is not required, switching off the functionality can improve power saving and help to reduce the interference in NCR enabled networks. While NCR-Fwd is switched off NCR-MT may stay active or stay stand by to receive side control information from the gNB. 
Based on the agreements made in RAN1#110 [1] and RAN1#109-e [3], NCR-Fwd function stays OFF unless otherwise explicitly or implicitly indication by the gNB. NCR-Fwd ON-OFF can be indicated via both semi-static and dynamic indication. The requirement and how to handle forwarding of broadcast and cell-specific signals/channels are FFS. 
In our companion contribution [4], it is shown that, explicit indication of ON-OFF state for NCR-Fwd is more efficient for frequent use-cases, whereas implicit indicating is more efficient in use-cases with long idle mode of operation. Therefore, ON-OFF state indication can be signaled using a combination of explicit and implicit indications. To reduce the impact on specifications by maximizing the use of NR design, explicit indication of ON-OFF state can be performed using NR DRX design. For implicit indication, one or combination of beam indication and UL-DL TDD signaling can be used. 
[bookmark: _Hlk115189234]Proposal 6: For ON-OFF state signaling for NCR-Fwd, use a combination of explicit indication via NR DRX design and implicit indication via beam indication and/or UL-DL TDD indication.   
For forwarding broadcast and cell-specific signals/channels during NCR-Fwd OFF state, the resource used for these signals/channels should be set to ON state. To this end, gNB may use the same signaling design used for ON-OFF indication. 

[bookmark: _Hlk115189241][bookmark: _Hlk111214056]Proposal 7: To switch on NCR-Fwd for forwarding broadcast and cell-specific signals/channels, gNB re-use ON-OFF signaling based on combination of explicit indication via NR DRX design and implicit indication via beam indication and/or UL-DL TDD indication. 
Summary
In this contribution, we discussed the issues on L1/L2 Signaling for Side Control Information. Based on the discussions, we made following observations and proposals:
Observation 1: Extension of the legacy BFR procedure for NCR requires a higher overhead than BFR procedure for traditional networks due to additional beam sweeping of access link beams for each BH-link beam. 
Observation 2: Supporting dynamic TDD can improve the overall performance of NCR enabled network. 
Observation 3: NCR can receive both scheduling information and dynamic TDD UL/DL configuration from the gNB using the existing NR based signaling procedures. 
Observation 4: UE may experience high delay spread when receiving signal from both, gNB and NCR, simultaneously.
Observation 5: The current specification may not be efficient to support UE with high delay spreads experienced in NCR enabled network.
Proposal 1: Support Option 2 when there is simultaneous transmission/reception in both C-link and BH-link, and Option 1 otherwise.
· For Option 2, it should be clarified how to determine the C-link beam to be used by BH-link when there is only BH-link transmission/reception.
Proposal 2: NCR to support adaptive beams for both C-link and BH-link as a baseline.
Proposal 3: Study efficient BFR procedures for NCR enabled networks, possibly considering the specific characteristics of these networks. 
Proposal 4: Use NR dynamic TDD indication mechanisms to configure both NCR-MT and NCR-Fwd with minimum specification impact.  
Proposal 5: Study efficient CP size adaptation mechanisms for NCR enabled networks.
Proposal 6: For ON-OFF state signaling for NCR-Fwd, use a combination of explicit indication via NR DRX design and implicit indication via beam indication and/or UL-DL TDD indication.   
Proposal 7: To switch on NCR-Fwd for forwarding broadcast and cell-specific signals/channels, gNB re-use ON-OFF signaling based on combination of explicit indication via NR DRX design and implicit indication via beam indication and/or UL-DL TDD indication.
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