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Introduction
The conceptual model of Network-controlled repeater is given in figure 1[1], which includes the NCR-MT and NCR-Fwd. 
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Figure 1. Conceptual model of network-controlled repeater (NCR)
In RAN#97-e meeting, a work item for network-controlled repeaters(NCR) is agreed with the following assumptions and scenarios[2]:
	Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
Note: Power control aspect will be checked in RAN#98e.
Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed


In this contribution, we give our view on the beam information of NCR.
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Discussion on FR2 NCR Beamforming


Figure2: NCR Beamforming for FR2
As shown in Figure2, the NCR of FR2 supports MIMO beamforming through analog precoding. However, due to the phase mismatch caused by RF factors and RF hardware factors and RF factors between links, the beam direction will have phase errors. In the NCR-Fwd link, adaptive beam scanning is performed using SRS on the uplink or SSB signal on the downlink to find the corresponding phase shift value. Thus more accurate beam forming can be achieved by compensating the phase error.
Figure 3 shows the throughput changes before and after the phase compensation error. In the FR2 simulation, there is no change in throughput performance in the absence of NCR. When NCR is introduced, the throughput gain of NCR increases with the increase of the number of antennas. Moreover, the system has better throughput performance after phase compensation.
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Figure 3. Throughout performance of NCR in FR2
Proposal 1：
Based on the NCR capability report, it was determined that NCR supported beamforming within FR2.

Proposal 2：
Consider NCR-Fwd link phase compensation or phase calibration methods to achieve more accurate beamforming.
Backhaul link beam management
	Agreement
If adaptive beams are adopted for C-link and backhaul link, new signaling is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link.
· Predefined rule is used to define the beam in case there is no indication via the new signalling
· FFS: Details of the predefined rule
· FFS: Application of predefined rule for other cases
· Note: The beam(s) used for backhaul link should be from the RRC-configured list of beams for C-link.
· The new signalling, if needed, is an optional NCR capability
Agreement
For NCR-MT which can support semi-static beams in backhaul link: 
· Rel-15 beam indication framework can be reused.
· Rel-17 beam indication framework (i.e., the unified TCI) can be reused as well. The gNB can configure the unified TCI for the NCR-MT, if the NCR-MT supports.



The backhaul beam condition is configured by pre-defined rules. When the control link and the backhaul link transmit simultaneously in a time slot/symbol, the backhaul link is configured with the same information as the control link. The beam information is determined by the TCI state of the NCR-MT configuration in the predefined rules.

Proposal 3:	
The same beam is equipped with the same TCI when the in-slot control link and the backhaul link perform DL/UL transmissions at the same time through predefined rules.

The backhaul link should support both dynamic and semi-static beam indication. By equipping a unified signaling set, which is used to clearly indicate the beam information of the backhaul link, ensure that the beam information is indicated at the exacttime, and apply for forwarding resources.

Proposal 4:	
Equipped with a uniform set of beam signaling for accessing and indicating beam information in time domain resources.

Access link
	Agreement
The following information can be used to characterize the physical beam(s) supported by NCR-Fwd for access link: 
· Number of beams supported for access link
· FFS: How to define the detailed value (e.g., per beam type)
· FFS: Whether the number of beam can be derived by beam layout
· Spatial relationship between different beams
· FFS: Beam types defined by the beam width (e.g. two types as wide beam and narrow beam type)
· FFS: Beam direction defined by the boresight of beam
· FFS: Whether/How to deliver this information to gNB
· FFS: Coverage area for each beam type
· FFS: Beam ID (via explicit or implicit means) 
Agreement
The following methods are supported for access link beam indication:
· Single beam index per indication is supported to indicate one beam.
· The indication of multiple beams in one indication is supported
· Note: The multiple beams are applied in TDMed over same frequency resource
Agreement
Confirm the WA that in access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.
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The beam character information should be known to gNB, so how gNB obtains beam information has been discussed in previous meetings. In our opinion, the beam information obtained should be equipped with a beam ID provided by gNB. The beam ID is used to make explicit or implicit beam indications to the NCR-Fwd access link. Explicit beam means that the beam ID is directly dependent on the NCR, which reports beam-specific characteristics such as beam width type, spatial relationship, etc. Implicit beam refers to obtaining the beam ID according to the predefined rules between NCR and gNB according to the beam characteristics reported by NCR. At the same time, gNB will decide to configure the beam ID based on the number of beam used. 

Proposal 5: Access beam ID is configured by gNB.

We believe that gNB needs the ability to deploy multiple beams. For example, when there is an obstacle between the terminal and the NCR, the NCR can configure a wide beam for beam scanning to cover a predetermined area. In addition, NCRs can be used for UE in narrow beam configurations, with the benefit of more accurate beam formation and higher user transmission rates.

Proposal 6: Two different types of beams include wide beam and narrow beam should be supported at access link.

Proposal 7: Coverage area should be configurable from network.
Conclusion 
Proposal 1：
Based on the NCR capability report, it was determined that NCR supported beamforming within FR2.
Proposal 2：
Consider NCR-Fwd link phase compensation or phase calibration methods to achieve more accurate beamforming.
Proposal 3:	
The same beam is equipped with the same TCI when the in-slot control link and the backhaul link perform DL/UL transmissions at the same time through predefined rules.
Proposal 4:	
Equipped with a uniform set of beam signaling for accessing and indicating beam information in time domain resources.
Proposal 6: Two different types of beams include wide beam and narrow beam should be supported at access link.
Proposal 7: Coverage area should be configurable from network.
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