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1. Introduction
In RAN1#111 meeting, following agreements were made for NCR side control information [1].  
	Agreement
The following is supported to deliver the information to characterize the supported physical beam of NCR-Fwd for access link: 
Option-2: The information is informed to gNB and NCR via OAM
· Note-1: In this option, how to characterize the beam information is based on implementation (e.g., declaration from NCR vendor).
· Note-2: In this option, the beam(s) used by NCR-Fwd for access link is configured for gNB and NCR by OAM based on implementation. 
· The beam index in SCI corresponds to the configured beam(s) sequentially. 
Agreement
For each periodic beam indication for access link, one RRC signalling is used including the information defined by the following:
· A list of X () forwarding resource, each is defined as {Beam index, time resource}
· FFS: The value of , other details
Each time resource is defined by {Starting slot defined as the slot offset in one period, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.
· The periodicity is configured as part of the RRC signaling for periodic beam indication
· The same periodicity is assumed for all time resource(s) in one periodic beam indication.
· The reference SCS is configured as part of the RRC signaling for periodic beam indication
· The same reference SCS is assumed for all time resource(s) in one periodic beam indication.
Agreement
For each aperiodic beam indication for access link, one DCI is used with the information defined by 
Option-1: 
·  fields are used to indicate the beam information and each field refers to one beam index ; 
· Note: The bitwidth of this field is determined by the number of beams used for access link. 
·  fields to indicate the time resource;
· Note: A list of time resource is pre-defined by RRC signalling. The bitwidth of this field for time resource indication is determined by the length of list. 
· FFS: The value of  
· Down-select between or .
· FFS: How to define the association between time indication and beam indication
Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.
Agreement
The semi-static beam indication for backhaul link is supported as:
· If the beam indication framework in Rel-15 is used for NCR-MT
· The DL beam is indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
· The UL beam is indicated by SRI on C-link via MAC CE.
· If the beam indication framework in Rel-17 is used for NCR-MT
· The DL and UL beam are indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
Agreement
The following pre-defined rules are applied to determine the beam for backhaul link:
· In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link regardless whether there is beam indicated by the dedicated signal for backhaul link.
· In the time domain resource without simultaneous downlink reception or uplink transmission in C-link and backhaul link, if the NCR does not support capability with the new signalling for backhaul beam indication or if no beam is indicated for backhaul link by the dedicated signal, 
· When Rel-15/16 beam indication framework is used for C-link, 
· The beam determined by QCL assumption for CORESET with the lowest ID and spatial relationship for PUCCH with lowest PUCCH resource ID in the C-link is applied for the DL and UL of backhaul link, respectively.
· When Rel-17 beam indication framework (i.e., unified TCI framework) is used for C-link, the indicated unified TCI for C-link DL and UL is applied for the DL and UL of backhaul link, respectively.
Otherwise, the beam indicated by the dedicated signalling is applied for backhaul link.
Agreement
For FR2, the “ON” state of NCR-Fwd is indicated:
· Alt-2: Implicit indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
Agreement
For FR1, the “ON” state of NCR-Fwd is indicated:
Alt-2: Indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
· When there is only one beam, the sole purpose of the beam indication is for indicating “ON” state of NCR-Fwd
Conclusion
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the dynamic DL/UL operation of NCR-MT and NCR-Fwd is not supported in Rel-18.



In this contribution, we discuss signaling and behavior of backhaul link beamforming/access link beamforming/ON-OFF of NW controlled repeater (NCR).
2. Discussion 
2.1 Beamforming at NCR-Fwd for backhaul link
In the last meeting, semi-static beam indication for backhaul link was supported. It was agreed that when Rel-15 beam indication framework is used for NCR-MT, DL beam of backhaul link is indicated by MAC CE to select a TCI state ID of C-link, and UL beam of backhaul link is indicated by MAC CE to select an SRI of C-link. It was agreed that when Rel-17 beam indication framework is used for NCR-MT, DL/UL beam of backhaul link is indicated by MAC CE to select a TCI state ID of C-link.
Semi-static beam indication via MAC CE is beneficial to save DCI overhead. On the other hand, to support faster beam update, DCI based dynamic beam indication for backhaul link can be supported. Network can configure whether semi-static beam indication or dynamic beam indication is used. Similar as semi-static indication, when Rel-15 beam indication framework is used for NCR-MT, for DL beam/UL beam of backhaul link, DCI can indicate a TCI state/an SRI of C-link, and when Rel-17 beam indication framework is used for NCR-MT, for DL beam/UL beam of backhaul link, DCI can indicate a TCI state of C-link.
Proposal 1:  
· Support dynamic beam indication for backhaul link via DCI.  
· When Rel-15 beam indication framework is used for C-link, for DL beam DCI indicates a TCI state of C-link, and for UL beam DCI indicates an SRI of C-link.
· When Rel-17 beam indication framework is used for C-link, for DL beam/UL beam DCI indicates a TCI state of C-link.
For both semi-static and dynamic backhaul link beam indication, the applicable time resources need to be clarified. Similar as Rel-17 unified TCI framework, i.e., the indicated beam can be applied from a semi-statically configured offset after the ACK for the beam indication.
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Option
 Figure1: NCR-Fwd backhaul link beam indication
Proposal 2:  
· When NCR-Fwd backhaul link beam is indicated by MAC CE or DCI, and the indicated beam is applied from a semi-statically configured offset after the ACK for the beam indication.

2.2 Beamforming at NCR-Fwd for access link
For access link beam indication, it was agreed that one DCI indicates Lmax fields of beam information and each field refers to one beam index. It was agreed that the DCI indicates time resources, and whether one or Lmax fields of time resources are indicated is to be further studied. From our perspective, indicating one field of time resources is slightly preferred due to less DCI overhead. With one field in DCI, similar as multi-PDSCH/PUSCH scheduling, each entry in a RRC configured list can refer to multiple time resources, and the DCI field indicates an entry from the RRC configured list. In addition, the association between time indication and beam indication needs to be further discussed. In our views, the most straightforward way is configuring the same number of beam fields and time resources, i.e., the one field in DCI indicates Lmax time resources and each beam is mapped to each time resource, respectively. 
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Figure2: Example of RRC configured list for time resource (e.g. Lmax = 3)

Proposal 3:  
· For aperiodic beam indication for access link, one field in DCI indicates Lmax time resources. In a RRC configured list each entry can refer to Lmax time resources, and the DCI field indicates an entry from the RRC configured list. Each beam is mapped to each time resource, respectively.

2.3 ON-OFF information
For ON-OFF of NCR, it was agreed that the “ON” state of NCR-Fwd is indicated via beam indication, i.e., if there is a beam indication, the NCR is assumed to be ON over the indicated time resources. In the previous meeting, it was agreed that simultaneous C-link UL and backhaul link UL is subject to NCR capability.  If simultaneous UL operation is not supported by NCR, if a time resource is indicated as “ON” state for NCR-Fwd and also indicated with UL Tx of NCR-MT, NCR behavior needs to be clarified. In our views, NCR-MT C-link carries side control information for NCR. Without successful transmission on C-link, NCR-Fwd’s behavior on subsequent slots cannot be controlled by network. Thus, the transmission on C-link is more important and should be prioritized.
Proposal 4:  
· If simultaneous UL operation is not supported by NCR, in a time resource where NCR-Fwd is indicated “ON” state and NCR-MT is indicated UL Tx, NCR performs UL Tx on C-link and does not performing forwarding.

3. Conclusion
In this contribution, we discussed signaling and behavior of backhaul link beamforming/access link beam forming/ON-OFF indication of NW controlled repeater. Based on the discussion, we made following proposals.
Proposal 1:  
· Support dynamic beam indication for backhaul link via DCI.  
· When Rel-15 beam indication framework is used for C-link, for DL beam DCI indicates a TCI state of C-link, and for UL beam DCI indicates an SRI of C-link.
· When Rel-17 beam indication framework is used for C-link, for DL beam/UL beam DCI indicates a TCI state of C-link.
Proposal 2:  
· When NCR-Fwd backhaul link beam is indicated by MAC CE or DCI, and the indicated beam is applied from a semi-statically configured offset after the ACK for the beam indication.
Proposal 3:  
· For aperiodic beam indication for access link, one field in DCI indicates Lmax time resources. In a RRC configured list each entry can refer to Lmax time resources, and the DCI field indicates an entry from the RRC configured list. Each beam is mapped to each time resource, respectively.
Proposal 4:  
· If simultaneous UL operation is not supported by NCR, in a time resource where NCR-Fwd is indicated “ON” state and NCR-MT is indicated UL Tx, NCR performs UL Tx on C-link and does not performing forwarding.
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