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1 Introduction
In RAN#97-e, a new WI on NR network-controlled repeaters was endorsed with the following objectives for RAN1 [1].
	The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:

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.

Specify control plane signalling and procedures [RAN2, RAN1]
· The configuration of signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed


In this contribution, we provide our view on configuration and signalling design for network-controlled repeaters, referred to as “NCR” in the following. 
2 Configuration aspects for NCR
In TR 38.867 [2], functional architecture of the NCR is captured, as shown in Figure 1. In particular, NCR consists of two functional entities: one is NCR mobile termination (NCR-MT) and the other is NCR forward unit (NCR-Fwd). NCR-MT can communicate with a gNB via Control link (C-link) to enable the information exchanges (e.g., the NCR control information); NCR-Fwd can perform the amplify-and-forward of UL/DL RF signal between gNB and UE via backhaul link and access link, without any digital processing (e.g., unlike an IAB-DU that performs a decode-and-forward operation). In particular, the NCR-Fwd does not create a new cell, and operates in a transparent manner to the UE(s). Moreover, the NCR-Fwd is controlled by the NCR control information, also referred to “side control information”, such as beamforming information, ON-OFF information, and so on.

[image: ]
Figure 1. Functional architecture of a network-controlled repeater (NCR)

For configuration aspects of the NCR, the following were agreed in RAN1#109-e [3].  
	Agreement (RAN1#109-e)
The NCR-MT can obtain the necessary configuration for receiving the L1/L2 signaling of the side control information.
· Option 1: The necessary configuration is from RRC.
· Option 2: The necessary configuration is from OAM or hard-coded.
· Option 3: The necessary configuration is partially configured by RRC and partially configured by OAM or hard-coded.

Agreement (RAN1#109-e)
For an NCR-MT, the necessary configurations from RRC and/or OAM(or hard-coded) contain:
· The configurations of PHY channels to carry the L1/L2 signaling: 
· The configurations for receiving PDCCH and PDSCH.
· The configurations for transmitting PUCCH, if needed.
· The configurations for transmitting PUSCH, if needed.
· The configurations of L1/L2 signaling: 
· The configurations for DCI.
· The configurations for UCI, if needed.
· The configurations for MAC CE, if needed.

Agreement (RAN1#109-e)
For the parameters in the necessary configurations for L1/L2 signaling, the existing parameters for PDCCH, PDSCH, PUCCH, PUSCH, DCI, UCI and MAC CE in Rel-17 are the baseline for further discussion.
· Note 1: This does not imply that all Rel-17 parameters will be supported for the NCR-MT. 
· Note 2: This does not imply that PUCCH, PUSCH, UCI and MAC CE are currently agreed to be supported. Further consideration is needed.




Some additional aspects need to be studied about the configuration of the NCR.
A first aspects is about configuration of UL channels. Although NCR control information (NCI) considered in this work item, such as beamforming information, ON/OFF indication, and so on, are in the form of downlink NCI (DL-NCI) from the gNB to the NCR-MT, it is expected that the NCR-MT will need to transmit uplink NCR control information (UL-NCI) to the gNB. Such UL-NCI can include at least confirmation (e.g., in the form of HARQ-ACK feedback) of the DL NCI, otherwise the repeater would be simply a network-informed repeater, rather than a network-controlled repeater. The UL NCI can include other legacy UCI, such as CSI for the C-link or backhaul link, or possibly also assistance information from the NCR to the gNB for better configuration or scheduling of (candidate) UE(s) that are served through the NCR, as discussed in [5]. 
[bookmark: _Hlk111166859]Observation 1: The NCR-MT transmits uplink NCR control information (UL NCI) to the gNB, in addition to receiving downlink NCR control information (DL NCI) from the gNB; otherwise, the repeater would be simply a network-informed repeater, rather than a network-controlled repeater.
Proposal 1: Support configuration of UL channels including PUSCH and PUCCH, as well as UL control information UCI and UL MAC CE, as necessary information for the NCR-MT.
In addition to PHY channels, configuration of PHY reference signals (RSs) appears to be necessary for NCR-MT. Operation of NCR-MT, such as reception of PDCCH/PDSCH or transmission of PUSCH/PUCCH, relies on NCR-MT procedures for link adaptation, beam management, and so on, similar to that for a ‘normal’ UE. Some aspects of these procedures can be based on SSB information that the NCR-MT can already receive from cell-specific system information, without any additional signaling. However, at least in some cases, such procedures are based on reception of CSI-RS or transmission of SRS, especially when the NCR operates in FR2 as the main use-case for NCR operation. For example, NCR-MT needs to establish the beam for C-link and accordingly the backhaul link, which can be adaptive as agreed in RAN1#109-e [3]. Also, SRS transmission may be also necessary if the NCR-MT reports a capability for beam correspondence with UL beam sweeping. Therefore, the NCR-MT needs to be provided with configuration information of dedicated CSI-RS and SRS (not to be confused with the CSI-RS and SRS configuration of the UEs served by the NCR). Due to cost considerations, it may be sufficient for an NCR-MT to support only a subset of features/functionalities for CSI-RS reception and SRS configuration, such as only aperiodic CSI-RS and aperiodic SRS. 
[bookmark: _Hlk111166874]Observation 2: The NCR-MT requires CSI-RS and SRS configuration for some procedures, such as C-link and backhaul link beam management in FR2.
Proposal 2: Support configuration of CSI-RS and SRS as necessary information for the NCR-MT.
[bookmark: _Hlk111067821]A third aspect is about initial/random access procedure for NCR-MT. Based on the protocol architecture design for the NCR, it is possible that NCR-MT is capable of performing initial/random access procedures, and therefore, the NCR-MT is also responsible for the identification and authorization procedures for the NCR in the network. For example, the NCR-MT can establish the connection for NCR with the gNB, based on the NCR identity, and also establish an initial timing and beam for the NCR operation on the gNB-to-NCR link. Random access procedure may be also used, for example, for re-establishing uplink timing alignment or for NCR-MT beam failure recovery procedure, when applicable. The NCR-MT can receive the PRACH configuration from the cell-specific system information, so additional configuration signaling may not be necessary.
Observation 3: The NCR-MT performs random access procedure for initial access, identification and authorization procedures, re-establishing uplink timing alignment, or NCR-MT beam failure recovery procedure.
Proposal 3: Support random access procedure for NCR-MT that can be based on the cell-specific system information, without the need for additional configuration signalling.
1 
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The PHY design for NCR needs to consider the operating frequency for NCR. The following were agreed in RAN1#109-e [3] about PHY design principles for the NCR. 
	Agreement (RAN1#109-e)
Capture the following assumption of network-controlled repeater in TR 38.867.
· At least one of the NCR-MT’s carrier(s) should be within the set of carriers forwarded by the NCR-Fwd in same frequency range.
· The NCR-MT and NCR-Fwd operating in the same carrier is prioritized for the study.
Agreement (RAN1#109-e)
Capture the following assumption of network-controlled repeater in TR 38.867.
· As baseline, same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link (at least when the NCR-MT and NCR-Fwd operating in same carrier). 



[bookmark: _Hlk111071215][bookmark: _Hlk111071466]Per RAN4 work item on Rel-17 NR repeaters [6, 7], it is understood that an NCR-Fwd can operate in a single “pass band” or in multiple non-contiguous “pass bands”, which are in the same frequency band for FR2 operation, and can be in same or different frequency bands for FR1 operation. Such flexible frequency domain settings needs to be considered in the study for NCR configuration and L1/L2 signaling.
[bookmark: _Hlk111166906]Observation 4: An NCR-Fwd can operate with single or multiple “pass bands”.
Proposal 4: Consider single or multiple pass bands for NCR-Fwd in the design of configuration and L1/L2 signaling for NCR.
3 L1/L2 signaling design for NCR
Based on the WID, signalling design may be needed for three types of NCR control information including beamforming information, ON-OFF information, and UL/DL TDD information, which is discussed in the following sub-sections. 

3.1 Beamforming information
There are two main aspects related to the beamforming of NCR, beamforming for backhaul link and the beamforming for access link. The following were agreed in the previous RAN1 meetings [3, 4] for backhaul link beam determination. 

	Agreement (RAN1#109-e)
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 (RAN1#109-e)
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 
Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.

Agreement (RAN1#109-e)
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

Agreement (RAN1#110)
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




As discussed in our companion Tdoc [8], support for both fixed beam and adaptive beam for C-link and backhaul link can be beneficial. However, determination of backhaul link beam based on C-link beam and corresponding configurations is sufficient, as considered in Option 2 above, and separate signalling is not needed for backhaul link beam indication. The only consideration for design of predefined rule per Option 2 above should be that, per Note-2 in the above RAN1 Agreement, simultaneous uplink transmission on C-link and backhaul link is subject to NCR capability, and may not be always available.

Proposal 5: No separate signalling is needed for beam indication for NCR backhaul link.
· Design of NCR backhaul link should consider that, simultaneous uplink transmission on C-link and backhaul link is subject to NCR capability.

For access link beam indication, the following were agreed in the previous RAN1 meetings [3, 4]. 


	Agreement (RAN1#109-e)
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


Agreement (RAN1#109-e)
From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
· Option #2-3: Dynamic beam indication and semi-static beam indication

Agreement (RAN1#110)
Both dynamic beam indication and semi-static beam indication are recommended for access link.
· Note: the semi-static beam indication includes the semi-persistent indication.

Agreement (RAN1#109-e)
As for the time-domain granularity of the access link beam indication, one or both of the following options can be considered:
· Option 1: slot-level
· Option 2: symbol-level
· FFS: The details of indication signaling

Agreement (RAN1#110)
Both slot-level and symbol-level granularity are recommended for the time-domain resource indication and determination of the access link beam.

Agreement (RAN1#110)
The time domain resource corresponding to an access link beam can be determined with following options:
· Option 1: Explicit determination based on the explicitly indicated the time domain resources per beam indication
Note-1: Different parameters may be indicated for semi-static or dynamic beam indication
Note 2: One or multiple beams can be indicated via single beam indication.

Agreement (RAN1#109-e)
In the access link beam indication, an access link beam can be indicated by:
· Option 1: A beam index
· FFS: How to indicate the corresponding time domain resource of the beam. 
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
· FFS: The definition of the source RS. 
· FFS: How to indicate the corresponding time domain resource of the beam.
· FFS: The definition of the association between the source RS and the beam.
· Note: The above does not imply that the NCR can or cannot generate and transmit reference signals to a UE or receive and process reference signals from a UE.
RAN1 to select one of the two options, combine the two options, or select both options in RAN1#110

Agreement (RAN1#110)
Beam index is used to indicate an access link beam (Option 1) 

Agreement (RAN1#109-e)
The beam correspondence is assumed for the DL/UL of the access link at NCR-Fwd

Working Assumption (RAN1#110)
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.




For signalling of beam indication for NCR access link, several issues need to be considered.

A first issue is related to gNB information of certain parameters related to the structure of beam patterns generated by the NCR, that impact beam indication for the access link. Since beam index is agreed to be used for indication of access link beam, it is important for the gNB and NCR to share a common understanding of the beam indexes. Since NCR beam patterns are best known to the NCR, it is preferred that NCR reports necessary parameters to the gNB. Other options can be also considered, as described in our companion paper [8]. For Rel-17 NR Repeater, RAN4 has already adopted a list of “Manufacturer declarations” in Clause 4.6 of [9, 10] (also, see [11]) including beam pattern parameters. Such declarations can be used for further design of NCR capability. For example, for NR Repeater in FR2, Declaration D.3 includes “Beam identifier” (as copied below) to identify a Repeater beam, “e.g. a, b, c or 1, 2, 3.” Similar design can be considered for NCR capability reporting to the gNB, and gNB can then use such beam identifier for access beam indication. 

Another aspect is QCL relationship among different beam patterns for NCR access link. For example, if the NCR can generate one or more narrow beams for access link within a wide beam for access link, such information should be provided to the gNB. The information can be beneficial for gNB configuration, for UEs that are served through the NCR, of narrow CSI-RS beams that are QCL with wide SSB beams. The corresponding beam indication information can then be provided to the NCR, so that suitable beam is selected by NCR-Fwd for amplify-and-forward of the corresponding transmissions. Other options can be also considered, as described in our companion paper [8]. It is note that, Declarations D.10 for beamwidth as well as Declarations D.6-8 and D.13-15 for beam directions are relevant to this issue, and can be used as starting point. 

Although detailed design of NCR capability will happen in a later stage of this WI, it is important to clarify the corresponding assumptions regarding gNB awareness of the NCR beam patterns on the access link. It is up to gNB configuration how many and which beams to use for NCR access link, although the specifications may set maximum limits as considered in the following: “FFS: the maximum number of beams configured for NCR-Fwd access link”.

Observation 5: gNB beam indication for NCR access link requires gNB information of certain parameters of the corresponding beam patterns, such as beam index and “QCL” information.
Observation 6: Manufacturer declarations for Rel-17 NR Repeater includes useful information about NCR beam pattern generation.
Proposal 6: Adopt the following assumptions for NCR access link beam indication:
· gNB needs to be aware of the beam indexes of the NCR beams on the access link;
· gNB needs to be aware of the “QCL” information among NCR beams on the access link (e.g., which narrow beam of NCR access link is within which wide beam of NCR access link).
· Note 1: Manufacturer declarations for Rel-17 NR Repeater in FR1 and FR2 [TS 38.115-1,2] can be starting point for specification of such information for Rel-18 NCR (e.g., as NCR capability report).
· Note 2: It is up to gNB configuration how many and which beams to use for NCR access link, although the specifications may set limits on the number of beams for NCR access link.

A second issue is about signaling mechanism for NCR access beam indication. Both semi-static and dynamic beam indication need to be supported for access link beam indication. Semi-static beam indication for NCR access link is beneficial for amplify-and-forward, for the UEs served through the NCR, of cell-specific, or broadcast, or periodic signals and channels, such as SSB, PRACH, PDCCH for system inforamtion and paging, perdiocic CSI-RS and SRS, PDCCH, PUCCH, SPS PDSCH, CG-PUSCH, and in some cases even for some dynamic transmissions, when possible. Dynamic beam indication for NCR access link can be beneficial for amplify-and-forward, for the UEs served through the NCR, of PDSCH or PUSCH or aperidoic CSI-RS or SRS that is scheduled by a DCI format, considering mobile UEs whose Tx/Rx beam may change as they move with respect to the NCR. 

It is expected that, signaling for semi-static beam indication can be based on RRC/OAM only (e.g., for SSB, PRACH, PDCCH for SI and paging, etc.) or MAC-CE command (e.g., for PUCCH, SPS PDSCH, CG PUSCH), while signaling for dynamic beam indication can be based on MAC-CE command or a DCI format for NCR. For example, existing MAC-CE commands for Rel-17 eIAB can be used as starting point for design of MAC-CE for Rel-18 NCR. Signaling for dynamic beam indication can be based on new DCI format for NCR beam indication. For the such DCI format, it can be furteher discussed whether the NCR-MT needs to transmit a PUCCH with HARQ-ACK information corresponding to the DCI format reception.



Proposal 7: Support both semi-static and dynamic indication for NCR access beam, based on:
· RRC/OAM only;
· New MAC-CE with those in Rel-17 eIAB as starting point;
· New DCI format, with or without HARQ-ACK information feedback.

A third issue is about contents of signalling for NCR access beam indication. The signalling should include one or multiple pairs of {time resource, beam index} to indicate which NCR access beam is used for which time resources. The time-domain resource can be indicated based on lists of slots and/or symbols, similar to that in Rel-17 eIAB, and/or based on TDRA-like indication, such as SLIV, for PDSCH/PUSCH scheduling for a ‘normal’ UE. The beam index can be indicated by the beam identifier as previously described in Proposal 7. 

Proposal 8: An indication for NCR access beam includes one or more pairs of {time resource, beam index}.
· Time resource can be indicated using lists of slots/symbols and/or TDRA-like indication, and beam index can be based on NCR beam identifier.

Further enhancements can be also considered. One enhancement is for NCRs with multiple panels on the access link. In such case, a beam indication signalling can include multiple beams associated with a single time resource, for example indicating {time resource, beam indexes}. This is in line with Manufacture Declaration D.12 for Rel-17 NR Repeater, and may be supported by some Rel-18 NCRs (that report such capability). 

A second enhancement is for NCRs operating with a large passband (specially in FR2) or with multiple passbands. In such case, the NCR-Fwd can accommodate different UEs that are scheduled in different parts of the frequency band, and also to support multi-carrier operation for the UEs that are served through the NCR, where different beam directions are used for different frequency domain resources. Therefore, RB-specific or RB-group-specific beam indication can be used for NCR-Fwd. For example, the beam indication can be in the form of a triple {time resource, RB group index, beam index}. 
Proposal 9: Further discuss enhancements for indication of NCR access beam:
· Multiple beam for a same time resource, in the form of {time resource, beam indexes};
· RB-group-specific beam indication in the form of {time resource, RB group index, beam index}.



























Table 1: Selected elements from Manufacturer Declarations for NR FR2 repeater [10] 

	D.3
	Beam identifier
	A unique title to identify a beam, e.g. a, b, c or 1, 2, 3. The vendor may declare any number of beams with unique identifiers. The minimum set to declare for conformance, corresponds to the beams at the reference beam direction with the highest intended EIRP, and covering the properties listed below:
1)	A beam with the narrowest intended BeWθ and narrowest intended BeWϕ possible when narrowest intended BeWθ is used.
2)	A beam with the narrowest intended BeWϕ and narrowest intended BeWθ possible when narrowest intended BeWϕ is used.
3)	A beam with the widest intended BeWθ and widest intended BeWϕ possible when widest intended BeWθ is used.
4)	A beam with the widest intended BeWϕ and widest intended BeWθ possible when widest intended BeWϕ is used.
5)	A beam which provides the highest intended EIRP of all possible beams.
When selecting the above five beam widths for declaration, all beams that the repeater is intended to produce shall be considered, including beams that during operation may be identified by any kind of cell or UE specific reference signals, with the exception of any type of beam that is created from a group of transmitters that are not all phase synchronised.
(Note 1)

	D.6
	OTA peak directions set reference beam direction pair
	The beam direction pair, describing the reference beam peak direction and the reference beam centre direction. Declared for every beam (D.3).

	D.7
	OTA peak directions set
	The OTA peak directions set for each beam. Declared for every beam (D.3).

	D.8
	OTA peak directions set maximum steering direction(s)
	The beam direction pair(s) corresponding to the following points:
1)	The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the positive Φ direction, while the θ value being the closest possible to the reference beam centre direction.
2)	The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the negative Φ direction, while the θ value being the closest possible to the reference beam centre direction.
3)	The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the positive θ direction, while the Φ value being the closest possible to the reference beam centre direction.
4)	The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the negative θ direction, while the Φ value being the closest possible to the reference beam centre direction.
The maximum steering direction(s) may coincide with the reference beam centre direction.
Declared for every beam (D.3).

	D.10
	Beamwidth
	The beamwidth for the reference beam direction pair and the four maximum steering directions. Declared for every beam (D.3).

	D.11
	Equivalent beams
	List of beams which are declared to be equivalent.
Equivalent beams imply that the beams are expected to have identical OTA peak directions sets and intended to have identical spatial properties at all steering directions within the OTA peak directions set when presented with identical signals. All declarations (D.4 – D.10) made for the beams are identical and the transmitter unit, RDN and antenna array responsible for generating the beam are of identical design.

	D.12
	Parallel beams
	List of beams which have been declared equivalent (D.13) and can be generated in parallel using independent RF power resources.
Independent power resources mean that the beams are transmitted from mutually exclusive transmitter units.

	D.13
	OTA coverage range
	Declared as a single range of directions within which selected TX OTA requirements are intended to be met.
(Note 3)

	D.14
	OTA coverage range reference direction
	The direction describing the reference direction of the OTA coverage range (D.13).
(Note 4)

	D.15
	OTA coverage range maximum directions
	The directions corresponding to the following points:
1)	The direction determined by the maximum φ value achievable inside the OTA coverage range, while θ value being the closest possible to the OTA coverage range reference direction.
2)	The direction determined by the minimum φ value achievable inside the OTA coverage range, while θ value being the closest possible to the OTA coverage range reference direction.
3)	The direction determined by the maximum θ value achievable inside the OTA coverage range, while φ value being the closest possible to the OTA coverage range reference direction.
4)	The direction determined by the minimum θ value achievable inside the OTA coverage range, while φ value being the closest possible to the OTA coverage range reference direction.





3.2 ON-OFF information
The following were agreed in the previous RAN1 meetings [3, 4] for NCR ON-OFF information. 

	Agreement (RAN1#109-e)
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 (RAN1#109-e)
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 (RAN1#109-e)
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.

Agreement (RAN1#110)
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.




Several issues need to be considered for signalling of ON-OFF information for NCR-Fwd.

A first issue is whether separate explicit signalling is required for ON-OFF information. In our view, separate signalling of OFF state for NCR-Fwd can be beneficial to reduce amplification of noise, or for interreference management when the NCR amplify-and-forward operation can impact UEs and/or gNB in same or neighbor cells. Therefore, a separate explicit indication of OFF information can be beneficial. It is noted that an implicit indication of OFF state is not necessary, since per above RAN1 agreement, OFF is the default state of NCR in the absence any control signalling.

For indication of ON state, since NCR is supposed to operate based on network signalling, at least for FR2 operation, it is expected that NCR will receive beamforming information, such as indication for NCR access beam whenever the NCR-Fwd is expected to be ON and functioning. Therefore, the ON state for NCR-Fwd can be implicitly inferred from other NCR control information signalling, especially beamforming information. 

Another potential method to implicitly determine an ON state for NCR-Fwd is based on the presence of cell-specific or broadcast signals or channels. For example, a default behaviour can be for the NCR-Fwd to be ON during symbols/slots corresponding to cell-specific transmission or receptions, such as SSB receptions, PRACH transmissions, monitoring occasions (MOs) for reception of PDCCH for system information, paging, and so on. The NCR can determine the information of such transmissions from decoding the system information. However, at least for operation in FR2, based on the RAN1 design to use beam index for NCR access beam indication, it is expected that the NCR would require beamforming information, even for such cell-specific transmissions. In addition, the NCR-Fwd may perform amplify-forward such cell-specific transmission only within the NCR coverage area. Therefore, the NCR may need explicit signalling to determine the spatial filters, such as SSB indexes, for which the NCR-Fwd is expected to be ON. Overall, further discussion may be needed on the support of ON state for NCR-Fwd based on cell-specific transmissions.

In addition, it can be further discussed whether above mentioned methods for implicit determination of ON state may be insufficient, so as to justify separate explicit indication of ON state for certain scenarios, such as for operation in FR1. 

Proposal 10: Support explicit indication of OFF state, separate from NCR beamforming information indication.
· Support implicit determination of ON state based on NCR beamforming information indication. 
· FFS: whether to support implicit determination of ON state based on cell-specific signals or channels. 
· FFS: whether to support separate/explicit indication of ON state. 

Similar to beamforming, a second issue is regarding the signalling mechanism for ON-OFF information. Semi-static OFF indication can be beneficial for long-term interference management, such as “night-mode” operation. Dynamic OFF indication can be beneficial for short-term interference management, for example, due to temporary and dynamic changes in traffic situation or UE congestion in the same or neighbor cells. Such dynamic OFF indication can override previous beam indication, such as previous semi-static beam indication, and disable the amplify-and-forward operation. 

A third issue is regarding the signalling content. It is preferred to use a unified signalling framework for both beamforming information and ON-OFF information. For example, the same method of {time resource, beam index} or its enhancements, as discussed in the previous sub-section, can be used for indication of OFF state as well. For example, when NCR access beams are indicated using a set of beam identifiers {0, 1, 2, …}, an out-of-range beam index, such as beam index “-1” can be used to indicate the OFF state. Therefore, the same signalling framework and methods as for beamforming indication can be re-used for OFF state indication, including support for RB-group-specific OFF indication to avoid noise amplifications in frequency resources that need be amplify-and-forwards (e.g., not configured/scheduled for any UE).

Proposal 11: For explicit/separate signalling of OFF information:
· Support both semi-static and dynamic OFF indication;
· Support a unified signalling framework for OFF information and beamforming information, e.g., by indicating OFF state as beam index “-1”;
· FFS: Support for RB-group-specific OFF indication.
 
[bookmark: _Hlk111079451]A last issue is about the impact of NCR on the signalling that gNB provides to the NCR, such as NCR-initiated or NCR-assisted indication. The baseline operation for NCR is based on full knowledge of gNB about the UEs in the serving cell, including those served by the NCR. However, it is possible that the NCR can determine local knowledge that may not be available to the gNB or may be available to the gNB with some latency. For example, when a UE in the NCR coverage area attempts initial/random access while the NCR-Fwd is indicated to be OFF, it is possible that the PRACH transmission from the UE fails and the gNB does not recognize the presence of the UE. However, the NCR (with sufficient capability) may be able to detect the presence of the UE, by performing sequence detection or by power measurements (such as EPRE measurements) of the PRACH transmission from the UE. Similar can be considered for NCR measurement of UE SRS resources. In such case, it is beneficial for the NCR to be able to provide a “forwarding request” indication (FRI) to the gNB, to request to switch from the OFF state to the ON state. Herein, “forwarding request” is similar to UE procedure for scheduling request (SR) that can be used, for example, for disrupting DRX or PDCCH skipping. It can be up to gNB how to handle such FRI, or certain rules can be considered in the specifications for handling FRI.
Proposal 12: Support NCR-initiated or NCR-assisted signalling, such as by providing a “forwarding request” indication (FRI) by the NCR-MT to the gNB to request for NCR-Fwd to go from OFF state to ON state.

3.3 UL-DL TDD information
The following were agreed in the previous RAN1 meetings [3, 4] for UL-DL TDD information for NCR. 

	Agreement (RAN1#109-e)
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 (RAN1#109-e)
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.
· 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.
· FFS: Other cases where new signaling may be necessary.

Agreement (RAN1#110)
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
· 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

Working Assumption (RAN1#110)
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.



As baseline, NCR operates based on semi-static cell-specific or (if supported) UE-specific TDD DL-UL configuration. For operation in flexible symbols, a simple baseline operation is Option 1, where the NCR-Fwd is set to OFF state. However, such behaviour can be restrictive if gNB wishes to use such flexible symbols for transmission to/from UEs that are served through the NCR. A potential solution considered in Option 2 based on SFI indication or scheduling of NCR-MT may not be suitable/preferred, since support for SFI, if agreed, will be an optional NCR-MT capability, and it is also likely that an NCR-MT is not scheduled in same flexible symbols that UEs served through the NCR are scheduled. 

Therefore, separate dynamic NCR control information to indicate a DL or UL link direction for flexible symbols can be beneficial, e.g., when the flexible symbols are used for scheduling of UEs that are served through the NCR. When such information is not provided to the NCR, the NCR-Fwd determines to stay in OFF state. Hence, a combination of Option 1 and Option 3 is preferred. 

In terms of signalling of DL/UL link direction for flexible symbols, since beamforming information needs to be provided to the NCR when NCR-Fwd is expected to operate in a flexible symbol, it can be further discussed whether to support separate signalling from beamforming information, or to support a joint signaling for both beamforming information and TDD DL/UL beam direction information. 

Proposal 13: For operation of NCR-Fwd in flexible symbols, support a combination of Option 1 + Option 3:
· The NCR can receive a dynamic control information indicating a DL/UL link direction for a flexible symbol;
· If the NCR does not receive such indication, the NCR stays in OFF state.
· FFS: separate or joint signaling of beamforming information and DL/UL link direction information

3.4 Interaction of different signaling types for NCR control information
As discussed in the previous sections, the NCR can be provided semi-static and dynamic signalling corresponding to beamforming information, ON-OFF information, and possibly UL-DL TDD information. Therefore, NCR behaviour needs to be clarified when receiving multiple, possibly contradicting signalling. 

A first issue is about the interaction of higher layer or semi-static signalling corresponding to different types of NCR control information. It is expected that the semi-static signalling for beamforming information and semi-static signalling for ON-OFF information are consistent. For example, the NCR-MT does not expect to be provided with semi-static signalling that indicates an OFF state in a symbol/slot for which the UE also receives semi-static indication of a certain beam for the access link. Same holds for interaction of L1/L2 or dynamic signalling corresponding to different types of NCR control information. For example, the NCR may not expect inconsistent indications provided by dynamic beam indication and dynamic ON-OFF indication.

[bookmark: _Hlk111166941]Proposal 14: The NCR expects that:
· semi-static signallings corresponding to different types of NCR control information (e.g., beamforming and ON-OFF) are consistent;
· dynamic signallings corresponding to different types of NCR control information (e.g., beamforming and ON-OFF) are consistent.
[bookmark: _Hlk111075553][bookmark: _Hlk111075683]A second issue is about the interaction of higher layer / semi-static signalling with L1/L2 or dynamic signalling corresponding to the same or different types of NCR control information. Dynamic signalling of NCR control information reflects gNB intention for short-term or real-time control of the NCR, for example, to handle the impact of UE mobility, arrival of new UEs, or departure of existing UEs from the NCR coverage area. Therefore, it is possible that a dynamic signalling is not consistent with previous semi-static signalling. In such “collision” cases, the dynamic signalling overrides the semi-static signalling and the NCR operates based on the indication provided by the dynamic signalling. For example, when semi-static signalling indicates access beam #1 for a given slot, say slot #10, and a subsequent dynamic signalling indicates access beam #2 for slot#10, the NCR operates with the access beam #2. For example, when semi-static signalling indicates an OFF state for a given slot, say slot #10, and a later dynamic signalling provides an access/backhaul beam indication for slot#10, the NCR determines that NCR-Fwd is in ON state during slot#10. Same holds with respect to implicit ON-OFF indication.
[bookmark: _Hlk111166953][bookmark: _GoBack]Observation 7: The gNB uses dynamic signalling of NCR control information for short-term or real-time handling of the NCR, such as for UE mobility, arrival/departure of UEs to/from the NCR coverage area.
Proposal 15: When a dynamic signalling for an NCR control information is not consistent with a semi-static signalling for the NCR for the same or a different type of NCR control information, the dynamic indication overrides the semi-static indication.
4 Conclusion
This contribution considered architecture aspects and signalling design for network-controlled repeaters (NCR), and proposed the following.
Proposals 
Proposal 1: Support configuration of UL channels including PUSCH and PUCCH, as well as UL control information UCI and UL MAC CE, as necessary information for the NCR-MT.
Proposal 2: Support configuration of CSI-RS and SRS as necessary information for the NCR-MT.
Proposal 3: Support random access procedure for NCR-MT that can be based on the cell-specific system information, without the need for additional configuration signalling.
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Proposal 4: Consider single or multiple pass bands for NCR-Fwd in the design of configuration and L1/L2 signaling for NCR.
Proposal 5: No separate signalling is needed for beam indication for NCR backhaul link.
· Design of NCR backhaul link should consider that, simultaneous uplink transmission on C-link and backhaul link is subject to NCR capability.

Proposal 6: Adopt the following assumptions for NCR access link beam indication:
· gNB needs to be aware of the beam indexes of the NCR beams on the access link;
· gNB needs to be aware of the “QCL” information among NCR beams on the access link (e.g., which narrow beam of NCR access link is within which wide beam of NCR access link).
· Note 1: Manufacturer declarations for Rel-17 NR Repeater in FR1 and FR2 [TS 38.115-1,2] can be starting point for specification of such information for Rel-18 NCR (e.g., as NCR capability report).
· Note 2: It is up to gNB configuration how many and which beams to use for NCR access link, although the specifications may set limits on the number of beams for NCR access link.

Proposal 7: Support both semi-static and dynamic indication for NCR access beam, based on:
· RRC/OAM only;
· New MAC-CE with those in Rel-17 eIAB as starting point;
· New DCI format, with or without HARQ-ACK information feedback.

Proposal 8: An indication for NCR access beam includes one or more pairs of {time resource, beam index}.
· Time resource can be indicated using lists of slots/symbols and/or TDRA-like indication, and beam index can be based on NCR beam identifier.

Proposal 9: Further discuss enhancements for indication of NCR access beam:
· Multiple beam for a same time resource, in the form of {time resource, beam indexes};
· RB-group-specific beam indication in the form of {time resource, RB group index, beam index}.

Proposal 10: Support explicit indication of OFF state, separate from NCR beamforming information indication.
· Support implicit determination of ON state based on NCR beamforming information indication. 
· FFS: whether to support implicit determination of ON state based on cell-specific signals or channels. 
· FFS: whether to support separate/explicit indication of ON state. 

Proposal 11: For explicit/separate signalling of OFF information:
· Support both semi-static and dynamic OFF indication;
· Support a unified signalling framework for OFF information and beamforming information, e.g., by indicating OFF state as beam index “-1”;
· FFS: Support for RB-group-specific OFF indication.

Proposal 12: Support NCR-initiated or NCR-assisted signalling, such as by providing a “forwarding request” indication (FRI) by the NCR-MT to the gNB to request for NCR-Fwd to go from OFF state to ON state.


Proposal 13: For operation of NCR-Fwd in flexible symbols, support a combination of Option 1 + Option 3:
· The NCR can receive a dynamic control information indicating a DL/UL link direction for a flexible symbol;
· If the NCR does not receive such indication, the NCR stays in OFF state.
· FFS: separate or joint signaling of beamforming information and DL/UL link direction information

Proposal 14: The NCR expects that:
· semi-static signallings corresponding to different types of NCR control information (e.g., beamforming and ON-OFF) are consistent;
· dynamic signallings corresponding to different types of NCR control information (e.g., beamforming and ON-OFF) are consistent.
Proposal 15: When a dynamic signalling for an NCR control information is not consistent with a semi-static signalling for the NCR for the same or a different type of NCR control information, the dynamic indication overrides the semi-static indication.

In addition, the following observations were made.
Observations 
Observation 1: The NCR-MT transmits uplink NCR control information (UL NCI) to the gNB, in addition to receiving downlink NCR control information (DL NCI) from the gNB; otherwise, the repeater would be simply a network-informed repeater, rather than a network-controlled repeater.
Observation 2: The NCR-MT requires CSI-RS and SRS configuration for some procedures, such as C-link and backhaul link beam management in FR2.
Observation 3: The NCR-MT performs random access procedure for initial access, identification and authorization procedures, re-establishing uplink timing alignment, or NCR-MT beam failure recovery procedure.
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Observation 4: An NCR-Fwd can operate with single or multiple “pass bands”.
Observation 5: gNB beam indication for NCR access link requires gNB information of certain parameters of the corresponding beam patterns, such as beam index and “QCL” information.
Observation 6: Manufacturer declarations for Rel-17 NR Repeater includes useful information about NCR beam pattern generation.
Observation 7: The gNB uses dynamic signalling of NCR control information for short-term or real-time handling of the NCR, such as for UE mobility, arrival/departure of UEs to/from the NCR coverage area.
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