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Introduction
In RAN#94-e meeting, a study item on NR network-controlled repeaters is approved and the corresponding description is provided in [1].
According to the SID, the study on side control information required for NCR and L1/L2 signaling to carry the side control information are included in the scope 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 discuss the necessity of each candidate side control information to enable NR network-controlled repeaters.

Discussion
Unlike the conventional RF repeater that simply forwards the received signal with power amplification, NR network-controlled repeater (NCR) considers more effective operation under the control of the network. 
While the conventional RF repeater has a remote unit (RU) having RF layer only, it can be considered that the NCR is composed of a remote unit (RU) and a mobile terminal (MT) as illustrated in Figure 1.
· RU (Remote Unit): RU of NR simply forwards the received signal without direct data communication with gNB or UE. For DL operation, the RU receives DL signals from the gNB and forwards it to the UE. In case of UL operation, the RU forwards UL signals from UEs to the gNB. The RU has only a RF layer, so it only performs a forwarding role but does not obtain any information for signal detection and demodulation.
· [bookmark: _GoBack]MT (Mobile Terminal): MT of NCR can perform transmission/reception with the gNB, and receive side control information from the gNB which is necessary for the operation of RU of the NCR. The MT receives side control information by L1/L2 signaling, then the NCR controls the operation of the RU based on the side control information. 
When NCR consists of MT and RU as above, gNB-repeater link and repeater-UE link can be clarified as follows.
· gNB-repeater link: The gNB-repeater link can be divided into two parts; gNB-MT link and gNB- RU link. The gNB- MT link can be used to deliver side control information from the gNB to the MT. The gNB-RU link can be used for the RU to receive and forward downlink signal from the gNB to UEs and uplink signal from UEs to the gNB.
· Repeater-UE link: Since the MT of the NCR is connected only to the gNB and not to the UE, the repeater-UE link may refer to an RU-UE link. The RU-UE link can be used only by the RU to forward downlink signal received from the gNB to the UEs and uplink signal from the UEs to the gNB.

[image: ]
Figure 1. Structure of NCR

In the NCR, the determination of the RU operation such as beam direction, DL/UL direction, ON/OFF status, timing alignment information, and Tx power information is entirely depend on the gNB. The information on the RU operation determined by the gNB is delivered to the MT of the NCR, and this information is referred to as side control information. 
For the operation of NCR, what information needs to be included in side control information for RU operation is discussed below.

Beamforming information
Adaptive beamforming of Tx/Rx beam is the main motivation of the study on NCR. Unlike the conventional RF repeater that operates using a fixed or an omni-directional beam, adaptive beamforming can be considered for NCR. From this, it can be expected to increase the signal arrival distance and reduce interference to the UE of other cells.
An example of beamforming operation of NCR is shown in Figure 2. Among multiple Tx beams supported by RU of the NCR, a Tx beam of RU can be selected by gNB based on the measurement report from UE and applied to deliver DL signal from the RU to the UE. By applying adaptive beamforming for RU.
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Figure 2. An example of DL Tx beam adaptation of NCR

The beamforming operation of the RU can be divided into DL-Rx/UL-Tx beamforming for the gNB-RU link and DL-Tx/UL-Rx beamforming for the RU-UE link. .

Tx/Rx beamforming for RU-UE link
An appropriate beam between the RU and the UE may be changed according to the UE location or the surrounding channel environment. Therefore, adapting the DL-Tx beam and UL-Rx beam directions of the RU in the NCR should be considered.
To support this, information on the beam direction to be applied by the RU needs to be included in the side control information that the MT receives from the gNB.
For beam adaptation of the UE, since the UE knows the DL/UL RS configuration, mechanism for indicating beam information based on the RS ID is used. In Rel-16 eIAB, a configuration in which the parent DU restricts the Tx beam of its child DU is introduced. For this, the restricted beam information of the DU is indicated by using the DL RS ID. This mechanism was considered to be available and decided to adopt it for eIAB since both the parent DU and the its child DU have information regarding the RS configuration transmitted by the child DU. On the other hand, the situation in NCR is different to adopt same mechanism since it cannot be assumed that the RU of the NCR have information regarding the configuration of the RS it forwards. Therefore, it is difficult to use the existing beam indication mechanism based on RS ID as it is.
Following from the discussion, a new beam indication mechanism can be studied. A logical beam index can be a candidate solution. Or it is necessary to study a method that can reuse the existing RS ID based beam indication mechanism.

Proposal 1: Dynamic adaptation of DU-Tx/UL-Rx beam of RU is considered for NCR.
Proposal 2: Study beam indication mechanism by side control information for adaptation of DU-Tx/UL-Rx beam of RU.

Tx/Rx beamforming for gNB-RU link
Unlike the RU-UE link, it seems necessary to study the necessity and method of DL-Rx/UL-Tx beam adaptation of the RU in the gNB-RU link.
Since only stationary NCR is considered in Rel-18, beam adaptation or beam management may not be required for the link between the gNB and the RU. In such an environment, it can be assumed that the RU is connected to the gNB in a fixed beam direction. Considering this, it can be assumed that the DL-Rx and UL-Tx beam of the RU can be determined by implementation or OAM.
However, even if the NCR is stationary, the radio channel may be changed due to various causes (e.g., scatter, blockage, etc.). In this case, in order to maintain and ensure gNB-RU link reliability and link quality to a certain appropriate level, it may not be sufficient for the RU to use a fixed Tx/Rx beam.
Considering this, it is also worth to study a Tx/Rx beam direction determination for gNB-RU link. A candidate is Tx/Rx beam direction of the RU is determined based on the Tx/Rx beam direction of the MT of the NCR. Or the gNB can explicitly indicate the beam direction applied to the RU.

Proposal 3: It is necessary to study whether and how to perform the DL-Rx/UL-Tx beam adaptation of RU.

ON-OFF information
In case of the conventional RF repeater, the repeater performs forwarding operation even on a time resource without DL signal transmitted by the gNB or a resource without a UL signal by the UE since the received signal is amplified and transmitted for the entire time resource. It has advantage of simplicity however not efficient in terms of power consumption of repeater and more importantly, it generates unnecessary interference around the repeater with the price of simplicity.
In the case of NCR, in order to prevent unnecessary forwarding operation, turning RU off is considered. To be specific, turning RU off implies that the RU performs OFF operation that does not perform forwarding operation when an actual DL/UL signal does not exist. This dynamic ON/OFF operation of RU is expected to be beneficial. But for this operation, a study on the timing and granularity of it that RU can perform ON/OFF switching is necessary.
For ON/OFF operation of the RU, it is required to study how to indicate the ON/OFF information of the RU. First, it can be considered that the information on the ON/OFF operation of the RU is included in the side control information and is explicitly indicated from the gNB to the MT. Alternatively, it can be considered that the ON/OFF of the RU is implicitly determined by other information. For example, when side control information for a beam direction applied to the RU is not indicated in a specific time resource, the NCR may determine the resource as a resource for which the RU does not perform a forwarding operation.

Proposal 4: Dynamic ON/OFF switching of RU is considered for NCR.
Proposal 5: Study how to determine ON/OFF operation of RU. 
· Explicit ON/OFF indication and/or implicit determination can be considered.

DL-UL TDD configuration information
The common conventional RF repeater performs simultaneous bi-directional forwarding at all time since it cannot figure out what resource of DL/UL in use. It is surely inefficient in terms of power consumption and interference emission perspectives, especially when the operation of serving cell is based on TDD configuration, which is time for downlink and uplink is literally divided. Considering this, some advanced RF repeaters perform restricted DL/UL switching by static TDD DL/UL pattern information obtained by its own implementation and/or OAM configuration.
If NCR operation with DL/UL switching by static TDD DL/UL pattern is assumed, it would hard to support flexible TDD configuration. Considering the flexible/dynamic TDD operation in NR, supporting flexible DL/UL switching for Rel-18 NCR would be beneficial in terms of efficient resource utilization. Furthermore, considering for the future implementation such as full duplex, which enables DL transmission from gNB to specific UE group and UL reception from another UE group at the same time, flexible DL/UL switching of NCR is worth to be studied.
Since RU cannot acquire any information from gNB, it should determine its DL/UL information from MT of the NCR. Keeping that in mind, DL/UL determination method of RU needs to be studied to support flexible DL/UL switching.
For the first option, DL/UL direction of RU can be implicitly determined. It implies that RU simply aligns whether it is DL or UL since the DL/UL information of MT will be indicated by gNB. It is simple for MT to follow legacy UE behaviour for slot format determination. The problem is level of information that MT receives. To determine DL/UL direction of RU using DL/UL information of MT, whether only semi-static DL/UL information is used or both of semi-static and dynamic DL/UL information are used can be considered. 
Another option can be that carrying DL/UL direction of RU explicitly included in the side control information could be considered. 

Proposal 6: Dynamic DL/UL switching of RU is considered for NCR.
Proposal 7: Study how to determine DL/UL operation of RU. 
· Explicit DL/UL indication and/or implicit determination based on DL/UL direction of MT can be considered.

Timing information to align Tx/Rx boundaries
Since the NCR performs a role of receiving and forwarding a signal from the gNB to a UE or from a UE to the gNB, it is preferable to operate the RU operations such as beam direction, DL/UL direction, ON/OFF status, and Tx power by switching in the time domain. For such an operation, it is necessary to determine the switching time. The minimum time unit can be an OFDM symbol or an OFDM symbols group. Also, switching may be performed in units of slots or consecutive multiple slots. For example, in slot #n, RU performs forwarding of DL signal to UE#1 in the direction of Tx beam#1, but in slot #n+1, it may switch its beam direction to Tx beam#3 to forward DL signal to UE#2.
For this operation, it is necessary that the RU determines the switching boundary of its operation. According to the time granularity for switching of RU operation, the RU should be able to determine the symbol boundary or slot boundary of DL and UL. Therefore, in order for the RU to perform DL/UL timing alignment, it is necessary to study what side control information is required.

DL-Rx/UL-Tx timing alignment for gNB-RU link
Since it is assumed that the NCR is stationary, it can be assumed that the DL-Rx/UL-Tx slot boundary of the RU does not change and can be determined by OAM configuration/implementation. On the other hand, it may be necessary to perform DL/UL synchronization since the radio channel may be changed due to various causes (e.g., Scatter, Blockage, etc.) even without considering mobility of NCR.
In this case, aligning the DL-Rx/UL-Tx timing of the RU to the timing of the MT may be considered under the assumption that the slot boundaries of the MT and the RU are the same. For example, by using some DL signals (e.g., SSB, TRS, etc.) received by the MT of the NCR, the time synchronization of the MT in OFDM symbol unit can be obtained. The DL timing information obtained by the MT can be applied as the DL-Rx timing boundary of the RU. In addition, the UL-Tx timing of the MT of the NCR determined by applying the timing advance (TA) indicated to the MT may be applied as the UL-Tx timing boundary of the RU. 
In this case, it seems explicit signaling for DL-Rx/UL-Tx timing alignment of the RU is not required.

DL-Tx/UL-Rx timing alignment for RU-UE link
In the case of the DL-Tx/UL-Rx slot boundary of the RU, it can be considered to align the DL-Tx slot and UL-Rx slot boundary to DL-Rx and UL-Tx slot boundary, respectively when the latency required for forwarding the received signal by the RU is insignificant. 
However, if a non-negligible processing time is required in the process for forwarding the signal received by the RU, the timing gap may be required between the DL-Tx/UL-Rx slot boundary and the DL-Rx/UL-Tx slot boundary as shown in Figure 3. 
Therefore, it is necessary to study whether the slot boundary of the gNB-RU link and the slot boundary of the RU-UE link can be aligned or not, and how the RU determines the DL-Tx/UL-Rx slot boundary if not aligned.
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Figure 3. An example of DL/UL timing relationship between gNB, RU, and UE

Proposal 8: It can be considered that DL-Rx and UL-Tx timing boundary of RU are determined based on DL-Rx/DL-Tx timing boundary of MT without explicit information.
Proposal 9: Study the relationship between DL-Tx/UL-Rx timing boundary and DL-Rx/DL-Tx timing boundary of RU.

Power control information
In SID [1], the study on side control information for Tx power control are included as the 2nd priority. That is, it seems a benefit of power control of RU is controversial. Thus, whether power control of RU is beneficial or not should be studied first. 
For UL, it is necessary to study and clarify the benefit of adjusting the UL Tx power of the RU compared to the Tx power adjustment of the UE.
In terms of DL Tx power control of the RU, the considerable benefit of the power control is to reduce interference to neighboring cells. That is, it seems that the DL Tx power control of RU can help to reduce unnecessary ICI. However, it has downsides that coverage of NCR varies in case of DL Tx power controlled and furthermore other effective operations to suppress interference, such as ON/OFF and adaptive beamforming are also considered for RU. Therefore, it is necessary to study how effective those ON/OFF and adaptive beamforming operations will be with or without additional DL Tx power control. If DL Tx power control of the RU is performed, it is preferable to adjust DL Tx power only for UE-specific transmission in order to maintain NCR coverage and avoid influence on UE power control operation.

Proposal 10: Study further the benefit of Tx power control of RU.

Summary
In this contribution, we discuss the necessity of each candidate side control information to enable NR network-controlled repeaters. From the discussion, we obtained following proposals.

Proposal 1: Dynamic adaptation of DU-Tx/UL-Rx beam of RU is considered for NCR.
Proposal 2: Study beam indication mechanism by side control information for adaptation of DU-Tx/UL-Rx 
beam of RU.
Proposal 3: It is necessary to study whether and how to perform the DL-Rx/UL-Tx beam adaptation of RU.
Proposal 4: Dynamic ON/OFF switching of RU is considered for NCR.
Proposal 5: Study how to determine ON/OFF operation of RU. 
· Explicit ON/OFF indication and/or implicit determination can be considered.
Proposal 6: Dynamic DL/UL switching of RU is considered for NCR.
Proposal 7: Study how to determine DL/UL operation of RU. 
· Explicit DL/UL indication and/or implicit determination based on DL/UL direction of MT can be considered.
Proposal 8: It can be considered that DL-Rx and UL-Tx timing boundary of RU are determined based on DL-Rx/DL-Tx timing boundary of MT without explicit information.
Proposal 9: Study the relationship between DL-Tx/UL-Rx timing boundary and DL-Rx/DL-Tx timing boundary of RU.
Proposal 10: Study further the benefit of Tx power control of RU.
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