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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 side control information to enable NCR.
2      Discussion on NCR side control information
2.1     Beam information
In RAN1#109-e meeting [2], the following agreements were achieved for beam information.
	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 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
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


Determination of the beam for C-link and backhaul-link
From our point of view, the beam for C-link can be determined via initial access procedure. Moreover, as illustrated in Fig. 1, legacy beam management procedure can be reused to refine the receive and transmit beam of C-link at NCR side, e.g. configure NZP-CSI-RS-ResourceSet with repetition “On”.
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Fig.1 Illustration of beam refinement at NCR side for C-link
For backhaul-link, as discussed during RAN1 #109-e meeting, it may hard to use the same beam as C-link due to the following reasons:
· Separate antennas may be equipped for NCR-MT and NCR-Fwd.
· The transmission period of C-link and backhaul link may not the same, e.g. in a TDMed manner.
From our side, we don’t expect a too complicated beam management framework for BS-NCR link. We think the backhaul link should use the same beam/same TCI states as C-link as much as possible. When it is not possible to maintain the same beam/same TCI states, we think the indicated beam should be one of the beams configured for C-link, i.e. under one beam management framework.
Proposal 1: The beam for C-link can be determined via initial access procedure. Moreover, legacy beam management procedure can be reused to refine the receive and transmit beam of C-link at NCR side.

Proposal 2: The backhaul link should use the same beam/same TCI states as C-link as much as possible. When it is not possible to use the same beam/same TCI states, the indicated beam should be one of the beams configured for C-link.
Indication of the beam for Access link

Considering the scenario illustrated in Fig.2 (a), UE1 is under the coverage of NCR but out of the coverage of the gNB. From the UE side, it needs to execute cell search firstly in order to access the serving cell. However, it may not detect the SSB directly transmitted by gNB due to the poor coverage. Since NCR is transparent to UE, a natural thought is to utilize NCR forwarding the SSB from gNB with directional beams as illustrated in Fig.2 (b).
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 Fig.2 Illustration of SSB forwarding via NCR
For this case, the SSBs can be 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. 

As illustrated in Fig.2 (b), 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 3: The number of beams configured for NCR-Fwd access link can be related to both a network configured candidate value set and NCR capability.

Proposal 4: Consider to establish the mapping between NCR forwarding beam and gNB transmitting beam to facilitate the beam indication of access-link.

2.2     ON-OFF information
In RAN1#109-e meeting, the following agreements were achieved for ON-OFF information.

	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.


Since NCR not only amplifies the expected signals but also amplifies the noise, it may be necessary to turn OFF NCR when there is no UL or DL traffic.

Before NCR forwards the signal from gNB to UE or from UE to gNB, it needs to be indicated the beam information. Thus, ON-OFF information can be implicitly indicated via beam information together with a corresponding duration.
Regarding the time granularity for ON-OFF indication, we think at least slot-level indication can be considered, while symbol-level control should be avoided.
Proposal 5: ON-OFF information can be implicitly indicated via beam indication together with a corresponding duration. 

Proposal 6: At least slot-level ON-OFF indication can be considered. Symbol-level ON-OFF indication is not supported.

3      Conclusions
In this contribution, we discuss the side control information to enable NCR and have following proposals:
Proposal 1: The beam for C-link can be determined via initial access procedure. Moreover, legacy beam management procedure can be reused to refine the receive and transmit beam of C-link at NCR side.

Proposal 2: The backhaul link should use the same beam/same TCI states as C-link as much as possible. When it is not possible to use the same beam/same TCI states, the indicated beam should be one of the beams configured for C-link.

Proposal 3: The number of beams configured for NCR-Fwd access link can be related to both a network configured candidate value set and NCR capability.

Proposal 4: Consider to establish the mapping between NCR forwarding beam and gNB transmitting beam to facilitate the beam indication of access-link.

Proposal 5: ON-OFF information can be implicitly indicated via beam indication together with a corresponding duration. 

Proposal 6: At least slot-level ON-OFF indication can be considered. Symbol-level ON-OFF indication is not supported.
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