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Introduction
The study aspects of network-controlled repeater (taken place of “smart repeater” in offline discussion) are further discussed in RAN#94-e meeting, and the discussions are summarized in [1]. Based on the discussions, a related SID [2] was approved, whose objective is shown 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]

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.


In this contribution, we provide views on side control information of network-controlled repeaters.
Discussion
To distinguish network-controlled repeater from a RF repeater, the capability of dynamically switch the beam of repeater is a most important characteristics. Based on this capability, multiple directional beams can be used for repeater to receive and/or forward the signal. With the direction beam, coverage of gNB is enhanced flexibly, and the interference introduced to other UEs within the network is minimized at the same time. For example shown in Figure 1, when the LOS path or main path between gNB and UE1 is blocked, network-controlled repeater is used to establish the link between gNB and UE1 via two links, which are denoted as Link 1-1 and Link 1-2 respectively. Within the same transmission beam of gNB, there is another link between gNB and UE2, denoted as Link 3. Due to the direction beam of repeater, there is a large angle gap between Link 1-2 and Link 3, leading to an ignorable interference introduced to UE2 from network-controlled repeater.


Figure 1. Scenario of network-controlled repeater with directional beams
From the scenarios and assumptions listed in the SID, it’s worth to note that network-controlled repeater is transparent to UE. Based on this assumption, we can infer that there is no information interaction between UE and network-controlled repeater. Therefore the network-controlled repeater cannot determine the best transmitting beam for Link 1-2 by itself. As everyone knows, a best directional beam with the maximum RSRP during the multiple beams is necessary to maximize throughput of the serviced UE. Thus, to maximum spectral efficiency of network with assistance from network-controlled repeater, at least the transmitting beam for Link 1-2 of network-controlled repeater should be controlled and indicated by network. Then, we think the beam information is necessary as one kind of side control information. 
Proposal 1: Beam information is necessary for network-controlled repeater to enhance the coverage of network and minimize the interference introduced to network simultaneously. 
In the previous email discussions, ON-OFF information is proposed for side control information to decrease unnecessary interference and improve energy efficiency simultaneously. In our opinion, significant reduction on interference due to network-controlled repeater can be achieved via ON-OFF command. For example, when there is no UE in the coverage hole of a base station, turn off the network-controlled repeater not only avoids creating interference to UEs not located at the coverage hole, but also saves energy of repeater on forwarding signal received from the base station. Meanwhile, by considering TDD scheme is widely used in practice, the ON-OFF command can be determined/indicated according to the direction of link. For example, only turn on the modules for DL signal receiving and forwarding when the slot is DL slot. 
Proposal 2: Support ON-OFF information as one side control information by considering efficient interference management and energy efficiency.
In addition to turn on or turn off the network-controlled repeater based on ON-OFF indication, the module for monitoring control information should be kept on state “ON”, to make sure network-controlled repeater responses to commend from based station in time.  
[bookmark: _GoBack]With ON-OFF information indicating, the interference management and energy efficiency are controlled with a rough granularity. To provide a relative finer or more flexible controlling, power control of network-controlled repeater is a good choice.  Associating the transmit power of network-controlled repeater with channel quality, higher energy efficiency will be achieved.
Proposal 3: Power control information is a compensate information for ON-OFF information, which ensures finer control of interference management and energy efficiency.
Conclusions
In this contribution, we discuss side control information of network-controlled repeaters, and have the following proposals:
Proposal 1: Beam information is necessary for network-controlled repeater to enhance the coverage of network and minimize the interference introduced to network simultaneously. 
Proposal 2: Support ON-OFF information as one side control information by considering efficient interference management and energy efficiency.
Proposal 3: Power control information is a complementary information for ON-OFF information, which ensures finer control of interference management and energy efficiency.
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