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1 Introduction
This contribution provides our views on the following objective from the NCR WID:
· Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
· Note: Power control aspect will be checked in RAN#98e.

2 Side Control Information
With reference to the following NCR model, Figure 1, this section presents our views on various side control information. 
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[bookmark: _Ref110857239]Figure 1 NCR simplified model

2.1. Beamforming information 
As shown in Figure 1, NCR-Fwd communicates on two links; access link and backhaul link. 
For the access link (towards the UE), RAN1 already agreed to the following:
· Beamforming indication is supported.
· Beam index is used to indicate an access link beam.
· Associated time domain resources are explicitly indicated.
· Both symbol-level and slot-level granularity are supported.
· Both dynamic indication and semi-static indication are supported.
The following working assumption was also achieved in RAN1#110.
	Working Assumption
In access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.
· The forwarding direction of an indicated beam in access link can be determined based on its corresponding time domain resource and the UL/DL TDD configuration.
· Note: The forwarding behavior (or the forwarding direction) of an indicated beam in access link in flexible symbols is separately discussed in 9.8.1.



We first propose to agree to the above working assumption.
Proposal 1
RAN1 to agree to the RAN1#110 Working Assumption about common beam indexing of the corresponding DL and UL access link beams. 

In our companion contribution [1], we discuss other aspects of the side control signaling and make the following observations and proposals. Note that the following proposals are not limited only to the access beamforming indication, but applicable to all side control information.

Observation 1
L1 (DCI-based) signaling is needed to support fast adaptation of repeater’s configurations. 
L2 (MAC-CE) and/or L3 (RRC) signaling may be more efficient for configuring the repeater’s forwarding operation associated with semi-static/periodic signals. 

Proposal 2
Support L1 (DCI-based) signaling for dynamic indication of side control info.
Support L2/L3 (MAC-CE or RRC based) signaling for semi-static indication of side control info.

Proposal 3
RAN1 to discuss the application delay from the time NCR-MT receives side control information to the time NCR-Fwd implements the indicated configuration.
· Use legacy framework (e.g., as specified in 38.214) as a baseline.

Another related aspect is about the capability of a repeater that may be able to simultaneously use two or more beams on its access links. For example, a repeater may be equipped with two antenna arrays on the access side that can simultaneously forward DL signals in two directions and/or receive UL signals from two directions. We suggest RAN1 to consider such an implementation and study the impact on the required signaling. 

Observation 2
A repeater may be equipped with multiple antenna arrays on its access side, and able to simultaneously transmit (or receive) signals on two or more beam directions. 

Proposal 4
RAN1 to discuss multi-beam NCR operation, where NCR may be able to forward DL signals (or receive UL signals) to (or from) multiple beam directions on the access link.

 For the backhaul link (towards the gNB), RAN1 agreed to the following:
	Agreement
In case that adaptive beams are adopted for C-link and backhaul link, the following mechanisms can be considered for the indication and determination of beams of backhaul link:
· Option 1: The beam of backhaul link is indicated by a new signaling.
· The new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE) indicating a beam(s) from the set of beams of the C-link
· This does not imply that the beam of backhaul link is always indicated by the new signaling
· Option 2: The beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. Otherwise, the beam of backhaul link follows one of the beams of the C link.
· Other predefined rules are not precluded




Following the legacy procedures, the gNB will be able to dynamically indicate which beam NCR-MT should use for its upcoming DL RX or UL TX (e.g., via TCI state ID or SRI in DCI). Similarly, it is reasonable and beneficial for the gNB to be able to dynamically indicate which beam NCR-Fwd should use on its backhaul link for an upcoming TX or RX. Without receiving any indication, NCR-Fwd may not be able to determine whether/how it needs to change its TX/RX beam. Moreover, dynamic indication of NCR-MT’s beam (e.g., via TCI/SRI in DCI) may not always be available for NCR-Fwd to use, because those indications are provided only when NCR-MT is scheduled to receive a DL channel or transmit an UL signal. Hence, we propose to support additional indication to NCR-Fwd for the beamforming information of the backhaul link (i.e., Option 1).
However, as expressed by Option 2, there could be cases where the extra indication of BH beamforming info may not be needed, and the NCR may be able to determine its BH beam using simple preconfigured rules. Therefore, we propose the following for BH beamforming info indication.

Proposal 5
Support a new signaling to optionally indicate backhaul link beam.
In the absence of an explicit indication, the backhaul link beam is determined as follows:
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link,
· Otherwise, a default beam is used for the backhaul link.
· FFS: default BH beam? Procedures like legacy mechanisms for determining default UL/DL beam can be specified. 
Proposal 6
A backhaul link beam is indicated by a beam index, wherein the beam index refers to one of NCR-MT’s beams (TCI state and/or SRI).

Following similar arguments for the access link beam indication, we further propose the following for BH beam indication.
Proposal 7
Support both slot-level and symbol-level granularity for the time-domain resource indication and determination of the backhaul link beam.
Proposal 8
Support both dynamic beam indication and semi-static beam indication for backhaul link.

To reduce the specification and signaling overhead, it is desirable to have a unified signaling framework for indication of access and backhaul link beam information.
Proposal 9
Support a unified signaling framework for indication of access and backhaul link beamforming information. 

2.2. ON-OFF information
RAN1 agreed on the benefits of ON-OFF information, and discussed two options for indication of ON-OFF information:
· Option 1: Explicit indication via ON-OFF state or ON-OFF pattern
· Option 2: Implicit indication via the signalling for other information
It was further discussed that both dynamic and semi-static indication can be considered.
The following was also agreed in RAN#110:
	Agreement
The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB.
· Note-1: This applies to the case regardless of the RRC state of NCR-MT.
· Note-2: Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behaviour of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.
The above is not meant to imply any signalling design for NCR-Fwd ON-OFF.



Our baseline assumption is that NCR is expected to receive at least an access link beamforming indication for the time resources that NCR-Fwd is supposed to be ON. Hence, the access link beam indication can implicitly serve the purpose of ON indication. 
Observation 3
NCR is expected to receive [at least] an access link beamforming indication for the time resources that NCR-Fwd is supposed to be ON. Such an indication can implicitly serve the purpose of ON indication too.

However, one may argue there are scenarios where explicit ON-OFF indication may be needed.
Scenario 1. The NCR-Fwd may have a single/fixed access link beam. Hence, there may be no need to have access link beam indication. 
· We note that an access link beamforming signaling will be anyways defined. It is hence desirable, from the perspective of reducing specification and signaling overhead, to leverage the same signaling for ON-OFF indication too. 
· For example, access link beam index 0 may be interpreted as “OFF”, and beam index 1 as “ON”. 

Scenario 2. The NCR-Fwd may have been indicated to use a beamforming configuration within a semi-statically configured set of time resources, and hence would be ON within those resources. However, the network may desire to “cancel” NCR-Fwd’s operation within some of these time resources (e.g., following cancelation indication for remote UE’s UL TX). In this case, it may be beneficial to have an explicit “OFF” indication to support “cancelation”.
· Like Scenario 1, the [dynamic] beam indication signaling can be leveraged to support explicit OFF indication. That is, an access link beam index 0 may be interpreted as “NCR-Fwd OFF.  

Scenario 3. In one implementation, network may desire to semi-statically configure beamforming information, and later dynamically turn ON/OFF the NCR-Fwd within some time resources. In such an implementation, semi-statically configured beamforming info for a set of time resources should not be interpreted as an indication to the NCR-Fwd to be ON within those resources. 
· Leveraging beamforming indication may not be straightforward in this case. Because while we still can use beam index 0 to represent “OFF”, it is not clear how “ON” state can be indicated (because a beam index other than 0 may refer to a legitimate beam index whose indication may override a previously configured beam index). That is, we may have to end up setting aside one full bit for ON-OFF indication.

Observation 4
There are scenarios that may need explicit ON and/or OFF indication:
· Scenario 1. If NCR-Fwd has a single access link beam.
· In this case, the beamforming indication framework can be leveraged for ON-OFF indication – such as beam index 0 indicating OFF, beam index 1 indication ON.
· Scenario 2. To support “cancelation” of a previously (e.g., semi-statically) configured NCR-Fwd’s operation, we may need an explicit OFF indication.
· In this case, the beamforming indication framework can be leveraged for OFF indication – such as beam index 0 indicating OFF.
· Scenario 3. To support a hierarchical control framework, based on semi-static configuration of beamforming information, and dynamic/semi-static indication of ON-OFF information, we may need an explicit ON/OFF indication. 
· Leveraging beamforming indication may not be straightforward in this case.

Proposal 10
RAN1 to further discuss whether there is a need to support explicit ON-OFF indication, striving to leverage the beamforming indication framework as much as possible. 
 
As discussed in Rel-17 and captured in 38.106, a repeater may support operating in multiple passbands (consecutive or non-consecutive). First, for proper interoperability, it is beneficial for NCR to report information about its operating passband related configurations. This is further discussed in our companion paper [1].  Furthermore, a repeater supporting multiple passbands may have the capability to selectively forward signals in different passbands. If so, such a capability can be utilized by the network to more efficiently (e.g., in terms of interference or power consumption) configure NCR operation – e.g., by instructing the repeater not to forward the signal in a passband for a duration of time. This is effectively equivalent to turning OFF the repeater in the corresponding passband and time duration. 

Observation 5
A multi-band repeater, supporting operating on multiple passbands, may support selective forwarding across the supported passbands. This capability can be leveraged by the network for more efficient forwarding operation (e.g., in terms of interference or power consumption). 

Proposal 11
RAN1 to discuss frequency-selective forwarding (or frequency-selective ON-OFF information).

2.3. Information on UL-DL configuration
RAN1#110 agreed to the following
	Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols
· Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
· [bookmark: _Hlk115258174]Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB 
· Note: It means that no new side control signalling is needed.
· Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd



While Option 2 seems very reasonable, there may still be some symbols/slots that NCR-MT assumes as “flexible” (even after following SFI indication and/or gNB’s scheduling). Hence Option 2 alone cannot provide a full solution. 
Observation 6
There could be “flexible” resources in the slot format configuration acquired by NCR-MT. There should be no ambiguity about which direction (UL or DL) the NCR-Fwd should forward the signals within these resources, or whether it is expected to be OFF. 
Hence, Option 2 alone does not provide a complete solution. 

We believe turning OFF the repeater within “Flexible” resources (that are semi-statically and/or dynamically configured/determined) may limit the utility of repeaters. Instead supporting an optional and minimal dynamic indication of the TDD UL/DL state, along with other side control info, strikes a better balance between signalling overhead, flexibility and future-proofness. 



Observation 7
Supporting an optional and minimal dynamic indication of the TDD UL/DL state, along with other side control info, strikes a better balance between signaling overhead and flexibility and future-proofness.

Proposal 12
The NCR-Fwd follows the TDD operation determined by NCR-MT (i.e., based on the received semi-static configuration, dynamic SFI indication or scheduling from gNB).
To resolve ambiguity within any remaining “flexible” resources, support an optional dynamic side control signaling of DL/UL forwarding direction over these symbols.

4 Conclusion
In this contribution, we provided our views on NCR’s side control information. The following observations and proposals are made. 
--- beamforming information ---
Proposal 1
RAN1 to agree to the RAN1#110 Working Assumption about common beam indexing of the corresponding DL and UL access link beams. 
Observation 1
L1 (DCI-based) signaling is needed to support fast adaptation of repeater’s configurations. 
L2 (MAC-CE) and/or L3 (RRC) signaling may be more efficient for configuring the repeater’s forwarding operation associated with semi-static/periodic signals. 
Proposal 2
Support L1 (DCI-based) signaling for dynamic indication of side control info.
Support L2/L3 (MAC-CE or RRC based) signaling for semi-static indication of side control info.
Proposal 3
RAN1 to discuss the application delay from the time NCR-MT receives side control information to the time NCR-Fwd implements the indicated configuration.
· Use legacy framework (e.g., as specified in 38.214) as a baseline.
Observation 2
A repeater may be equipped with multiple antenna arrays on its access side, and able to simultaneously transmit (or receive) signals on two or more beam directions. 
Proposal 4
RAN1 to discuss multi-beam NCR operation, where NCR may be able to forward DL signals (or receive UL signals) to (or from) multiple beam directions on the access link.
Proposal 5
Support a new signaling to optionally indicate backhaul link beam.
In the absence of an explicit indication, the backhaul link beam is determined as follows:
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link,
· Otherwise, a default beam is used for the backhaul link.
· [bookmark: _Hlk115351384]FFS: default BH beam? Procedures like legacy mechanisms for determining default UL/DL beam can be specified.
Proposal 6
A backhaul link beam is indicated by a beam index, wherein the beam index refers to one of NCR-MT’s beams (TCI state and/or SRI).
Proposal 7
Support both slot-level and symbol-level granularity for the time-domain resource indication and determination of the backhaul link beam.
Proposal 8
Support both dynamic beam indication and semi-static beam indication for backhaul link.
Proposal 9
Support a unified signaling framework for indication of access and backhaul link beamforming information. 

--- ON-OFF information ---
Observation 3
NCR is expected to receive [at least] an access link beamforming indication for the time resources that NCR-Fwd is supposed to be ON. Such an indication can implicitly serve the purpose of ON indication too.
Observation 4
There are scenarios that may need explicit ON and/or OFF indication:
· Scenario 1. If NCR-Fwd has a single access link beam.
· In this case, the beamforming indication framework can be leveraged for ON-OFF indication – such as beam index 0 indicating OFF, beam index 1 indication ON.
· Scenario 2. To support “cancelation” of a previously (e.g., semi-statically) configured NCR-Fwd’s operation, we may need an explicit OFF indication.
· In this case, the beamforming indication framework can be leveraged for OFF indication – such as beam index 0 indicating OFF.
· Scenario 3. To support a hierarchical control framework, based on semi-static configuration of beamforming information, and dynamic/semi-static indication of ON-OFF information, we may need an explicit ON/OFF indication. 
· Leveraging beamforming indication may not be straightforward in this case.
Proposal 10
RAN1 to further discuss whether there is a need to support explicit ON-OFF indication, striving to leverage the beamforming indication framework as much as possible. 
Observation 5
A multi-band repeater, supporting operating on multiple passbands, may support selective forwarding across the supported passbands. This capability can be leveraged by the network for more efficient forwarding operation (e.g., in terms of interference or power consumption). 
Proposal 11
RAN1 to discuss frequency-selective forwarding (or frequency-selective ON-OFF information).

--- UL-DL TDD information ---
Observation 6
There could be “flexible” resources in the slot format configuration acquired by NCR-MT. There should be no ambiguity about which direction (UL or DL) the NCR-Fwd should forward the signals within these resources, or whether it is expected to be OFF. 
Hence, Option 2 alone does not provide a complete solution. 
Observation 7
Supporting an optional and minimal dynamic indication of the TDD UL/DL state, along with other side control info, strikes a better balance between signaling overhead and flexibility and future-proofness.
Proposal 12
The NCR-Fwd follows the TDD operation determined by NCR-MT (i.e., based on the received semi-static configuration, dynamic SFI indication or scheduling from gNB).
To resolve ambiguity within any remaining “flexible” resources, support an optional dynamic side control signaling of DL/UL forwarding direction over these symbols.
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