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Introduction
The objectives of study item on network-controlled repeaters (NCR) in Rel. 18 were defined [1]. The repeaters are supposed to provide coverage enhancements for FR1 FDD/TDD and FR2 TDD bands, while the FR2 bands may be prioritized during the study phase. In addition, both indoor and outdoor scenarios should be considered. One of the main objectives for the RAN1 study is to identify the essential side control signaling for the network-controlled repeater, such as, the beamforming information, timing information, information on UL-DL TDD configuration, and power control information. In this contribution, we present our view on the required function for the network-controlled repeaters for the design of side control information.
Discussions
This section discusses the side control information to enable NCR operation.
ON/OFF information
In RAN1#109-e meeting, the following agreements were made:
	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.
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 
[1] FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.



In our view, both semi-static and dynamic ON-OFF configurations are beneficial. The semi-static configurations could be used for periodic traffics, such as SR, CG, SPS, and CQI reports. While the dynamic configurations could be used for dynamic scheduling. For the semi-static configuration, the NCR could be configured with several ON-OFF cycles to be aligned with the serving UEs’ periodic traffics or periodic assignments. For the dynamic configurations, the ON-OFF indication could be carried explicitly or as part of another control command like power control command.
Proposal 1: The semi-static ON-OFF configuration should be supported by configuring several ON-OFF cycles for the NCR.
Proposal 2: The dynamic ON-OFF indication should be supported. The indication can be carried explicitly or as part of another control command like power control command.

Power control information
For NCR, there could be different power control information that are necessary. These could be related to the limits on transmission powers, handling periodic traffic, and link-failures.
Limits on transmission powers
One of important features of the NCR is the ability of beam forming, particularly in FR2 bands. The beam forming enables emitting a higher transmission power on a specific direction. While this can improve the link quality significantly, it increases the chance that emitted signal is feedbacked to the repeater that causes self-oscillation. Conventionally, the self-oscillation is avoided using automatic gain control (AGC), located at the repeater side. The repeater's AGC could apply limits on transmission powers on specific beam(s)/direction(s). The NCR may have other limitations on the transmission power specific to its implementation. The gNB should be aware of that transmission power limitations of the NCR. This helps the gNB to better schedule the UEs or avoid using certain beams. For this purpose, the repeater should report the current transmission power on each beam/direction determined by the repeater to the gNB. If the maximum transmission power on each beam/direction just lower than the self-oscillation in the deployment would be useful to obtain at gNB but it may be possible only when the repeater is operated close to the self-oscillation point. Therefore, the feasibility should be further checked. At least, the current transmission power would be useful.
Proposal 3: A repeater should report the current transmission power on each beam/direction to the gNB.
Periodic beam/power control pattern
The gNB can schedule the UEs in a TDM manner with periodic resources, for instance for SR, CG, SPS, and CQI reports. This is especially the scenario of a limited number of UEs are served by a repeater and the repeater is analogue beam forming capability. In such case, the gNB can configure the repeater with periodic patterns semi-statically for the beam selections and power allocations. Figure 1 illustrates a scenario that a repeater serves two UEs in downlink with periodic resources, e.g., SPS resources. The repeater is informed regarding the serving beams and associated transmission powers. The repeater applies the patterns for beam selections and transmission powers for downlink transmissions towards the UEs. Although the ideal operation might be gNB informs beam direction to the repeater for each transmission/reception, it requires instantaneous decoding of the control information at the repeater, which is complex or impossible. By using periodic patterns, such burden at the repeater can be resolved. In addition, the reduced signaling overhead compared to dynamic control signal delivery can be obtained.
Proposal 4: The periodic beam and transmission power patterns should be considered for serving periodic traffics.
[image: ]
[bookmark: _Ref101456831]Figure 1. Illustration of serving two UEs with periodic beam and power patterns.
Control information for link-failures
The NCR needs to maintain the backhaul and access links [1]. In FR2 bands, the links are prone to blockage, which results in link failures. In such cases, the amplifying the link failed signal could increase the interference in the system. Hence, it is essential if the repeater could identify the link failures and stops amplifying. For this purpose, the repeater could be configured with minimum signal power threshold for each beam/direction. If the repeater identifies that the perceived signal power is less than the predefined threshold value, it will consider that the link is blocked or there is no transmission from the UE/gNB. Then, it will temporarily stops amplifying to avoid introducing additional interference in the system. This approach would also reduce the power consumption of the repeater.
Proposal 5: A repeater should be defined with minimum power thresholds for the beams/directions. The repeater only amplifies the signal if the perceived power is above the threshold.

TDD UL/DL configuration
In RAN1#109-e meeting, the following agreements were made:
	Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.
Agreement
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
[1] Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
[2] FFS: Other cases where new signaling may be necessary.



The NR supports flexible UL/DL slot configurations semi-statically and dynamically. The semi-static configurations are delivered through SIB1 or RRC. The slots can be dynamically configured through slot format indication (delivered by DCI format 2_0) or scheduling DCI. In our view, the NCR should be able to support both semi-static and dynamic slot configurations for flexible scheduling. For the semi-static configuration, the NCR can follow the slot configurations obtained by the NCR-MT. For the dynamic configuration, the NCR can also obtain the slot configurations through a DCI format 2_0 with an SFI-RNTI. It can be separate field/SFI-RNTI for NCR or it can be common with NCR-MT.
Proposal 6: NCR can support flexible UL/DL slot configuration semi-statically and dynamically. The dynamic configurations can be realized by SFI.

Timing information
The NCR are considered for fixed deployment scenarios. This would cause a relative fixed propagation delay over the backhaul link. In addition, the NCR is supposed to relay the signals with a marginal delay. In this regard, the timing advance (TA) for the legacy UE can compensate the imposed delays, including the propagation and relaying delays. Even if it is variable caused by the oscillator drift, it can be managed by TA setting of NCR-MT. Hence, there is no need to deliver additional timing information to the NCR.
Proposal 7: There is no need to deliver additional timing information to the NCR. 
Conclusion
In this contribution, we provide our view on control signals for NCR. We made following proposals.
Proposal 1: The semi-static ON-OFF configuration should be supported by configuring several ON-OFF cycles for the NCR.
Proposal 2: The dynamic ON-OFF indication should be supported. The indication can be carried explicitly or as part of another control command like power control command.
Proposal 3: A repeater should report the current transmission power on each beam/direction to the gNB.
Proposal 4: The periodic beam and transmission power patterns should be considered for serving periodic traffics.
Proposal 5: A repeater should be defined with minimum power thresholds for the beams/directions. The repeater only amplifies the signal if the perceived power is above the threshold.
Proposal 6: NCR can support flexible UL/DL slot configuration semi-statically and dynamically. The dynamic configurations can be realized by SFI.
Proposal 7: There is no need to deliver additional timing information to the NCR. 
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