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Introduction
[bookmark: _Ref494215420]In the SID of Rel-18 network-controlled repeater (NCR), the objective about side control information is listed below [1]:
	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)


In this paper, we give our views on the structure of NCR with “Fallback mode” and its target usages. In addition, we continue to discuss side control information based on our previous contribution [2] and RAN1#109 agreements about side control information [3].
Structure of Network-controlled Repeater
In RAN1#109e meeting, the following agreements about the model of network-controlled repeater is agreed:
	Agreement
Capture the following model of network-controlled repeater in TR 38.867.
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· The NCR-MT is defined as a function entity to communicate with a gNB via Control link (C-link) to enable the information exchanges (e.g. side control information). The C-link is based on NR Uu interface.
· Note: Side control information is at least for the control of NCR-Fwd
· The NCR-Fwd is defined as a function entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. The behavior of the NCR-Fwd will be controlled according to the received side control information from gNB. 




In current conclusions about Rel-18 network-controlled repeater, the behavior of the NCR-Fwd will be controlled according to the received side control information. However, for some scenarios (e.g., broadcasting service), a “Rel-17 RF repeater-like” which simply amplify-and-forward any received signal can work well. Considering the flexible deployment and economically efficiency, NCR should have the capability to fallback to Rel-17 RF repeater. When fallback is enabled, the R18 NCR works as Rel-17 RF repeater without the control of NCR-MT.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Thus, an operation mode switching scheme for NCR should be introduced, two operation modes, i.e., network-controlled (NC) mode and fallback mode are supported. Switching between NCR mode and fallback mode can be configured by high layer signaling.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]An example is shown in Figure 1, an NCR is deployed at the edge of a donor cell, and provides amplified and forwarded UE-specific information from gNB to the UE#n in the targeted service area which may not be able to access the network. Besides, in case of local broadcasting, the NCR could omnidirectional transmit the common information for all UEs in the serving area (e.g., there is a Market nearby is offering big discounts, and the discounts information could be broadcast by NCR), thereby achieving real-time information sharing within a region. In addition to local broadcast, the cell-specific broadcast can also be handled with the same NCR behavior, they are transparent to NCR. 
Specifically, in NC mode, NCR processes side control information and forwards the signal under the control of NCR-MT. In fallback mode, NCR functionally works as a Rel-17 RF repeater and is not controlled by NCR-MT, NCR-MT can be considered a functional entity that is “shut down” by gNB. If the NCR operates in fallback mode, the NCR-MT is not expected to receive any side control information but system information and mode switching signaling from gNB. 

[image: ]
Figure 1. Scenario of Fallback mode and network-controlled mode for R18 Repeater (operate in TDM)
As mentioned above, we suggest that two operation modes, i.e., NC mode and fallback mode should be supported, performing with TDM scheme, the switching between different operation modes is configured by high layer signaling. Further, two operation modes can also be performed with FDM scheme. As illustrated in Figure 2, a possible structure of Rel-18 NCR is shown. In this case, Rel-17 RF repeater and Rel-18 NCR can work simultaneously and operate on different bands. A major benefit of this approach is that the low-cost NCR could be feasible to enhance the coverage and it allows the network to easily integrate Rel-17 RF repeater and Rel-18 network-controlled repeater within a common hardware device.
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Figure 2. One Structure for Rel-18 network-controlled repeater (two modes operate in FDM)

Observation 1: Rel-18 NCR fallback to Rel-17 RF repeater is beneficial to local/regional broadcasting service and economic or easy deployment for both NCR and RF repeater simultaneously. 
Proposal 1: The function of fallback mode from Network-controlled repeater to Rel-17 RF repeater should be supported in R18 NCR. 
· When R18 NCR operates in fallback mode: NCR-MT is shut down by gNB, and NCR-Fwd works as Rel-17 RF repeater without the control of NCR-MT.
Observation 2: In fallback mode, the NCR-MT is not expected to receive any side control information except mode switching signaling from gNB.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4] [image: ]
[bookmark: _GoBack]Figure 3. NCR operates in multiple passbands based on the structure of  Type 1-C Repeater 
In current specification, Type 1-C repeater is defined, which operates in FR1 and support multi-band operation in Rel-17. The Type 1-C repeater, in essence, can be regarded as NCR-Fwd, since NCR-Fwd only amplified and forward the RF signals and the amplifiers of UL and DL transmission are operated separately. Assume the architecture of Type 1-C repeater as a baseline, we think the capability of processing two or more passbands simultaneously at NCR should be supported at least in FR1.
Proposal 2: For NCR, the capability of processing two or more passbands simultaneously should be supported at least in FR1.
Side control information
Beamforming information
	Agreement
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behavior of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion
Agreement
Both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link.
· FFS: the mechanism for indication and determination of beam.
· Note: Fixed beam refers to the case that beam at NCR for both C-link and backhaul-link cannot be changed.
Agreement
Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link



Network-controlled repeaters can receive the signal from gNB/UE and forward the amplified signal to a certain direction by means of beam steering. In RAN 1#109e meeting, it was agreed that adaptive beam can be considered at NCR for both C-link and backhaul-link. In other words, CSI measurement and reporting shall be performed for C-link or backhaul-link. Before discussing the detailed procedure, it is important to clarify that whether NCR-MT can perform CSI measurement and reporting during RRC_CONNECTED state. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]If NCR can generate and transmit the RSs to gNB and has the capability of receiving and processing the RSs transmitted from gNB to NCR, the CSI measurement and reporting procedure can be performed by NCR-MT. In this case, the NCR-MT is regarded as a regular UE, beam training should be conducted for C-link, and the beam of backhaul-link is keep the same beam as C-link according to the agreement in the last meeting. In summary, there is no impact on the existing specification if NCR can perform CSI measurement and reporting. On the other hand, if NCR-MT cannot perform CSI measurement and reporting, UE can be used to find the best beam(s) for backhaul-link indirectly, and then the beam of C-link is determined accordingly. In this case, the implementation complexity of NCR is decreased.
Proposal 3: If adaptive beam for both C-link and backhaul-link is enabled and the NCR cannot perform CSI measurement and reporting, CSI measurement and reporting for C-link and backhaul-link should be performed by UE.
Besides, our companion paper [4] provides detailed discussion on the mechanism of beam indication.
Information on UL-DL TDD configuration
	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
Recommend to capture the following examples of the transmission/reception of C-link and backhaul link by NCR in TR 38.867.
· The DL of C-link and DL of backhaul link can be performed simultaneously or in TDM way.
· The UL of C-link and UL of backhaul link can be performed in TDM way
· Note-1: Multiplexing is under the control of gNB with consideration for NCR capability
· Note-2: Simultaneous transmission of the UL of C-link and UL of backhaul link is subject to NCR’s capability



It was agreed that the UL of C-link and UL of backhaul link can be performed in TDM way. Based on this assumption, how to achieve TDM between UL of C-link and UL of backhaul link needs further discussion. One possible solution is to configure UL of C-link on the symbols which will be indicated as OFF state. Besides, flexible symbols maybe another option for UL transmission of C-link. If TDM cannot be guaranteed by gNB configuration/scheduling, it can be considered to allow NCR to drop either UL of C-link or UL of backhaul link when collision happens.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 4: TDM scheme between UL of C-link and UL of backhaul link can be achieved by gNB configuration, if it cannot be guaranteed by gNB configuration, either UL of C-link or UL of backhaul link can be dropped to avoid collision.
ON-OFF information
	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.



At present, many potential indicating methods of ON-OFF information have been proposed, but before discussing the detailed mechanism of ON-OFF indication and determination, there is an unavoidable question that needs to be clarified first, that is, what exactly does the ON-OFF state, especially the OFF state mean?
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]The structure of RF Repeater, which is equivalent to the NCR-Fwd, is shown in Figure 3 [5]. For RF Repeater, there are two separate amplifiers in the uplink and downlink, respectively, which can be turned on or off independently. We consider the following application scopes of “OFF” control information and their use cases:
· Turn off UL transmission of NCR-Fwd only: To avoid the collision between UL transmission of backhaul link and UL transmission of C-link;
· Turn off DL transmission of NCR-Fwd only: To avoid the interference caused by NCR to the UEs that are not served by itself.
· Turn off both UL and DL transmission of NCR-Fwd: Set the NCR to hibernation mode for saving of power; shut down the NCR-Fwd if the channel quality of B-link and A-link is too poor.
Based on the previous analysis, the following proposal is given:
[bookmark: OLE_LINK1]Proposal 5: Specify the behavior of NCR-Fwd after receiving “OFF” control information, i.e., whether the “OFF” control information applies only to the UL or DL transmission of the NCR-Fwd or it applies to both UL and DL transmission.
Power control information
	Agreement
Recommend to capture the following observation in TR 38.867:
· The benefits of power information used to control the behavior of NCR-Fwd for the DL of access link and/or UL of backhaul link are observed by the following inputs:
· [Source-1, Huawei] shows that for the uplink transmission via NCR, a fixed NCR amplifying gain may lead to interference to the gNB or NCR UL coverage loss. For the downlink transmission via NCR, a fixed NCR amplifying gain may lead to NCR RU saturation or NCR DL coverage loss.
· [Source-2, vivo] shows that the optimal system performance can be achieved when repeater’s gain is set to a proper value.
· [Source-3, ETRI] shows that dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration.
· [Source-4, Ericsson] mentions that the gain control is needed for self-interference management due to repeater oscillation.
· This agreement does not change the prioritization of PC
Agreement
The controlling of the amplifying gain of NCR-Fwd is considered to enable the power control of NCR-Fwd if PC is recommended as side control information for NCR in Rel-18
· FFS: Controlling of the transmission power of NCR-Fwd


From our point of view, without power control for network-controlled repeater, the repeaters always use maximum transmission power which may causing too much interference from system perspective. To better control the whole network, it is beneficial to introduce power control procedure for NCR. For example, the network can control the transmission power of each repeater as illustrated in Figure 4. If one repeater causing too much interference to other repeaters or UEs, gNB can lower its power. 


Figure 4. Illustration of power control for network-controlled repeater
It was agreed in the RAN1#109e meeting that in terms of power control information, both controlling of the amplifying gain of and controlling of the transmission power of NCR-Fwd can be considered. Even though controlling the amplified gain of NCR-Fwd can achieve the purpose of controlling transmission power of NCR-Fwd indirectly, but we prefer to control the transmission power of NCR-Fwd over dynamic/semi-static configuration, which is a more straightforward way for power control.
Proposal 6: Network can control the transmission power of network-controlled repeaters.
Conclusion
In this contribution, we discussed different types of side control information to enable NR network-controlled repeaters. The following observations and proposals are achieved:
[bookmark: OLE_LINK19][bookmark: OLE_LINK9]Observation 1: Rel-18 NCR fallback to Rel-17 RF repeater is beneficial to local/regional broadcasting service and economic or easy deployment for both NCR and RF repeater simultaneously. 
Proposal 1: The function of fallback mode from Network-controlled repeater to Rel-17 RF repeater should be supported in R18 NCR. 
· When R18 NCR operates in fallback mode: NCR-MT is shut down by gNB, and NCR-Fwd works as Rel-17 RF repeater without the control of NCR-MT.
Observation 2: In fallback mode, the NCR-MT is not expected to receive any side control information except mode switching signaling from gNB.
Proposal 2: For NCR, the capability of processing two or more passbands simultaneously should be supported at least in FR1.
Proposal 3: If adaptive beam at NCR for both C-link and backhaul-link is enabled, CSI measurement and reporting for C-link and backhaul-link is performed by UE.
Proposal 4: TDM scheme between UL of C-link and UL of backhaul link can be achieved by gNB configuration, if it cannot be guaranteed by gNB configuration, either UL of C-link or UL of backhaul link can be dropped to avoid collision.
Proposal 5: Specify the behavior of NCR-Fwd after receiving “OFF” control information, i.e., whether the “OFF” control information applies only to the UL or DL transmission of the NCR-Fwd or it applies to both UL and DL transmission.
Proposal 6: Network can control the transmission power of network-controlled repeaters.
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