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1 Introduction

A new study item on “Study on NR network-controlled repeaters (NCR)” was approved in RAN#94-e [1] with following objectives:

· 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]
· Study the following aspects of network-controlled repeater management
· Identification and authorization of network-controlled repeaters [RAN2, RAN3]
NOTE2: Coordination with SA3 may be needed.
To enable NCR in a network, various signalling exchanges between the NCR and the gNB need to be studied. The architecture of the NCR, which is discussed in our companion contribution [2], will affect the type (L1/L2) and exact content of the signals. In this contribution, we discuss the various signalling exchanges required to enable NCR in a network. 

2 Signalling exchanges required for NCR 

· Capability information of NCR
The capability of the NCR should be known to the gNB to decide the side control information (SCI) and to dictate the NCR to work according to the requirements of the network. For example, when an NCR informs the gNB about the number of simultaneous beams supported then gNB can signal corresponding beamforming configuration to NCR and schedule UEs accordingly. Hence, the capability information of the NCR should be made available to the gNB.
Observation 1: Capability information of NCR is required at the gNB to decide the SCI and to dictate NCR efficiently.
Proposal 1: Support signalling of capability of NCR to gNB.
· TDD configuration and ON/OFF information
The NCR should receive signals from gNB, amplify and forward it to UE when a connected UE is scheduled as DL, whereas the NCR should receive from UE and forward it to gNB when the connected UE is scheduled in UL. Similarly, the NCR should receive signals from gNB and broadcast it to a region or a group of UEs. Therefore, the DL/UL configuration of the NCR depends on the scheduling of connected UEs and the type of signals. The NCR should be aware of whether it should operate in DL/UL in each point of time, so that it can beam form accordingly in the desired direction. The DL/UL configuration should be provided on a per time unit (e.g. slot) basis or for a certain duration of time. Further, it needs to be studied whether “F” symbols/slots are required to be provided as a part of the TDD configuration. E.g., “F” symbols/slots can be avoided in L1 signalling of TDD configuration. 
Proposal 2: Support signalling of TDD configuration as SCI and study granularity of the TDD configuration.
Proposal 3: Study whether F symbols are needed in the TDD configuration.
Similarly, the NCR can go OFF when gNB decides not to schedule any UE through NCR. “OFF” can be included as a part of the TDD configuration that the gNB informs the NCR. It will ensure that the NCR can be switched off by the gNB in scenarios of low load or interference management. In this case, a new TDD pattern which will accommodate “OFF” needs to be introduced.  
Observation 2: ON/OFF configuration for NCR helps in energy saving and interference management. 
Proposal 4: Support gNB signalling ON/OFF configuration to NCR and study the signalling mechanism. 
· Beamforming information
The gNB instructs the NCR to beamform in UL/DL depending on the beamforming capability of the NCR. E.g., the NCR is capable of forming multiple “N” beams simultaneously in DL. The gNB has to inform the NCR about which of these “N” beams should be active at a given point of time. A UE will be connected to one of the beams of NCR based on channel measurements. Therefore, to schedule a UE through NCR, gNB should ensure that the beam to which UE is connected is active at NCR. Further, the beamforming information can be provided on a per time unit basis or for a certain duration of time. 
Proposal 5: gNB signalling active beams at the NCR at a point of time is supported.
Proposal 6: Study the granularity in time domain for providing beamforming information. 
There can be several ways in which the beamforming information is provided to the NCR. E.g., it can be in terms of beam indices or actual weight matrices to form the beams. In case of beam indices, the signalling is simpler, but the actual beams formed by the NCR cannot be controlled by the gNB. In the latter case, the signalling might have more overhead, but more flexibility of beamforming is available by the gNB. Thus, we need to study the pros and cons of various ways in which the beamforming information can be provided and reach an optimal solution.
Observation 3: Beamforming information can be provided to the NCR in several ways e.g., indices, precoders etc. 
Proposal 7: Study the contents of the beamforming information to be provided by the gNB to the NCR. 
Further, SSB and CSI-RS beams from the NCR to the UE can be differentiated by the gNB. E.g., the gNB commands the NCR to form broader beams during SSB transmission as compared to CSI-RS transmission or data transmission. Besides that, SSB is a broadcast signal with a periodicity. The gNB need not provide SSB related beamforming information to the NCR at every SSB occasion. This can reduce the signalling overhead. Thus, it will be useful to study whether the gNB differentiates among beams for different channels. 
Proposal 8: Study how gNB manages SSB and CSI-RS transmission through NCR.
· Power control information
Fig. 1 shows a scenario where the gNB 1 serves the NCR using Beam 1. gNB 2 serves UE 1 using Beam 2. Beam 3 is used by NCR to serve UE 2. Thus, if Beams 2 and 3 are active in DL in the same time-frequency resources, then UE 1 gets interfered by Beam 3 from the NCR. If gNB 1 knows which the beam from NCR that is interfering with other beams from adjacent gNBs, it can manage the interference created. One way to manage it is to perform DL power control on the beams from the NCR. Thus, power control information can be provided to the NCR by the gNB wrt each beam. 
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Fig. 1 Beam from NCR interfering with beam from adjacent gNB
Proposal 9: Support gNB providing power control parameters to NCR and study the granularity of parameter, e.g., per beam.
· Feedback information from NCR to gNB
The gNB should ensure that the NCR is decoding SCI and operating according to the decoded information to serve the connected UE. One way for monitoring is based on the UE feedback, however, the gNB cannot identify the failure of a packet is because of  error at NCR or UE. Also, monitoring based on UE feedback leads to delay. Therefore, NCR should send feedback for the SCI to gNB. This feedback mechanism helps the gNB to monitor the operation of NCR, identify whether the issue is at NCR or UE and perform appropriate correction measures. 
Proposal 10: Feedback mechanism from NCR to gNB is supported.
3 Conclusion
The following observations and proposals are made in this contribution:
Observation 1: Capability information of NCR is required at the gNB to decide the SCI and to dictate NCR efficiently.
Proposal 1: Support signalling of capability of NCR to gNB.
Observation 2: ON/OFF configuration for NCR helps in energy saving and interference management. 
Proposal 2: Support signalling of TDD configuration as SCI and study granularity of the TDD configuration.
Proposal 3: Study whether F symbols are needed in the TDD configuration.
Proposal 4: Support gNB signalling ON/OFF configuration to NCR and study the signalling mechanism. 
Proposal 5: gNB signalling active beams at the NCR at a point of time is supported.
Proposal 6: Study the granularity in time domain for providing beamforming information. 
Observation 3: Beamforming information can be provided to the NCR in a number of ways e.g., indices, precoders etc. 
Proposal 7: Study the contents of the beamforming information to be provided by the gNB to the NCR. 
Proposal 8: Study how gNB manages SSB and CSI-RS transmission through NCR.
Proposal 9: Support gNB providing power control parameters to NCR and study the granularity of parameter, e.g., per beam.
Proposal 10: Feedback mechanism from NCR to gNB is supported.
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