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1      Introduction
In RAN #94 e-meeting, the study item of NR network-controlled repeaters (NCR) was approved [1]. Detailed objective in RAN1 are listed as follows:
	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.

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]


In this contribution, we mainly discuss the L1/L2 signaling for side control information.
2      Discussion on L1/L2 signaling
2.1     Beam indication
In RAN1#109-e meeting [2], the following agreements were achieved for beam information.
	Agreement

From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 

· Option #2-1: Dynamic beam indication only

· Option #2-2: Semi-static beam indication only

· Option #2-3: Dynamic beam indication and semi-static beam indication

Agreement
In the access link beam indication, an access link beam can be indicated by:

· Option 1: A beam index

· FFS: How to indicate the corresponding time domain resource of the beam.

· Option 2: An index of a source RS (e.g. a TCI-like indicator)
· FFS: The definition of the source RS. 

· FFS: How to indicate the corresponding time domain resource of the beam.

· FFS: The definition of the association between the source RS and the beam.

· Note: The above does not imply that the NCR can or cannot generate and transmit reference signals to a UE or receive and process reference signals from a UE.

RAN1 to select one of the two options, combine the two options, or select both options in RAN1#110
Agreement

As for the time-domain granularity of the access link beam indication, one or both of the following options can be considered:
· Option 1: slot-level
· Option 2: symbol-level
· FFS: The details of indication signaling


Signaling design for Access link

To align with the following agreement in AI 9.8.1 of RAN1 #109-e meeting, we think Option #2-3 should be selected, i.e., dynamic beam indication and semi-static beam indication can be considered for the access link beamforming of the NCR-Fwd.

	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


For semi-static beam indication, it can be utilized to forward common signal for the UEs the NCR serves, e.g. SSB, RACH and etc. For dynamic beam indication, it can be utilized to forward UE-specific signals.
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 Fig.1 Illustration of SSB forwarding via NCR
Fig.1 illustrates the SSB forwarding via NCR. The SSBs are divided into two groups, noted as “Serving cell SSB” and “NCR SSB”. It should be noted that the newly introduced two terminologies are just for the convenience of description. The beam for NCR SSB can be determined via initial access of NCR. Then, gNB utilizes the corresponding beam to transmit a number of SSBs towards NCR, and these SSBs have different SSB indexes. The number of “NCR SSB” is related to a network configured candidate value as well as NCR reported capability. 

The indication of the beam for access link during initial access procedure can be summarized as follows:

· Firstly, gNB transmits “NCR SSB” and NCR forwards these beam.
· Secondly, UE detects and selects one SSB following legacy procedure.
· Thirdly, UE transmits PRACH on the associated PRACH occasions following legacy procedure.
· Fourthly, gNB detects the PRACH and obtains the SSB index selected by UE following legacy procedure.
· Fifthly, gNB indicates an index related to the corresponding SSB to NCR.
It should be noted that in the fifth step, gNB may not directly indicates the SSB index, but indicates some index related to the corresponding SSB, if only there a one-to-one mapping between the index and the forwarding beam.

Proposal 1: From the perspective of signaling design, Option #2-3 is considered for the access link beamforming of the NCR-Fwd, i.e. both dynamic beam indication and semi-static beam indication can be considered for the access link beamforming of the NCR-Fwd.
For dynamic beam indication, we prefer a TCI-like indication. From our understanding, it is unnecessary for gNB to know the exact beam information of access link at NCR side. Anyway, there is a one-to-one mapping between the transmission of backhaul link from gNB to NCR and the forwarding of access link from NCR to UE. Thus, gNB only needs to indicate one source RS/SSB, then NCR utilize the same beam for access link as the source RS/SSB. We think this is enough for dynamic beam indication.
Proposal 2: In the access link beam indication, an access link beam can be indicated by an index of a source RS.
Regarding the time-domain granularity of the access link beam indication, we think at least symbol-level should be considered to support SSB forwarding. Moreover, gNB may need to indicate the time domain pattern of “NCR SSB” to NCR.
Proposal 3: As for the time-domain granularity of the access link beam indication, at least symbol-level granularity should be considered.
2.2     ON-OFF information
In RAN1#109-e meeting, the following agreements were achieved for ON-OFF information.

	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.


We think ON-OFF of NCR is related to whether there exists corresponding beam indication. If there is no beam indication for a certain period, it can simply be interpreted as gNB doesn’t need NCR to forward signals. Thus, ON-OFF information can be implicitly indicated via beam indication together with a corresponding duration.
Proposal 4: ON-OFF information can be implicitly indicated via beam information together with a corresponding duration. 
3      Conclusions
In this contribution, we discuss the L1/L2 signaling for side control information and have following proposals:
Proposal 1: From the perspective of signaling design, Option #2-3 is considered for the access link beamforming of the NCR-Fwd, i.e. both dynamic beam indication and semi-static beam indication can be considered for the access link beamforming of the NCR-Fwd.
Proposal 2: In the access link beam indication, an access link beam can be indicated by an index of a source RS.
Proposal 3: As for the time-domain granularity of the access link beam indication, at least symbol-level granularity should be considered.

Proposal 4: ON-OFF information can be implicitly indicated via beam information together with a corresponding duration. 
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