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Introduction
In RAN#97-e meeting, a work item on NR network-controlled repeaters is approved and the corresponding description is provided in [1]. According to the WID, objectives of the work item are as follows in RAN1 perspective.
	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 discuss the signalling and behavior of NCR based on above work item objectives.

Backhaul link beam adaptation
In this section, our view for the backhaul link beam adaptation is provided.
During the study item phase of NCR, two options were studied for the backhaul link beam adaptation [2]. The first option is that beam of backhaul link is indicated by a new signaling. Specifically, 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. It is noted that this option does not imply that the beam of backhaul link is always indicated by the new signaling. In short, it can be summarized by explicit indication for backhaul link beam. One of the simplest approach for this is using beam of NCR-MT for the indication of backhaul link beam indication. In such case, TCI state ID can be indicated for the downlink Tx beam and SRI can be indicated for the uplink Rx beam. One step further, both of downlink Tx beam and uplink Rx beam can be indicated via single indication of ID, based on unified TCI state framework which was introduced in Rel-17 MIMO. It should be noted that changing backhaul link beam instantaneously is unnecessary since the gNB and NCR is stationary. Therefore, signaling of backhaul link beam indication should be based on MAC-CE and/or RRC signaling. The advantage of such explicit indication is flexibility. Furthermore, assuming indicated backhaul link beam via RRC and/or MAC-CE is maintained until reconfiguration of it, signaling overhead is negligible.
The second option for backhaul link beam indication is, the beam of backhaul link is determined by a pre-defined rule, e.g., 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. As a detailed method for this, there is a method of aligning the beam of the backhaul link to a specific TCI state ID configured for NCR MT. Alternatively, it may be considered to be configured as a beam that has received a specific signal/channel by NCR MT. For example, it can be considered for NCR that the backhaul link beam is configured to the beam which is used by the NCR MT to receive the most recent PDSCH and/or PDCCH. However, this methodology may cause ambiguity in the timing of beam alignment or beam application between the NCR and the gNB depending on whether the MT succeeds in receiving such a signal/channel or not. That is, gNB can expect that the NCR would set the backhaul link beam to the beam that MT received a specific signal while the NCR does not receive the signal, therefore the expected beam of backhaul link in gNB perspective is different from the beam that NCR applies. To prevent such case, for the indication methodology of the backhaul link beam should be regardless of whether the MT is successfully received specific signal/channel or not. One considerable solution is that the NCR determines the beam of the backhaul link as a beam applied by the MT in a resource configured for the MT to receive a specific signal/channel, e.g., Type-0 CSS, search space.
Considering the first option, i.e., explicit indication of backhaul link beam, is only supported, there is still remained ambiguity for beam selection of backhaul link when valid signaling for indication is absent. For example, when application time for indicated beam is expired or when the first configuration is not indicated. To resolve such ambiguity, default beam is needed and how to determine the default beam, that is, pre-defined rule for default beam should be discussed. On the other hand, considering the second option, i.e., pre-defined rule of backhaul link beam, is only supported, there is disadvantage of low flexibility. One possible way to resolve those is combining two options. For example, it can be considered that the NCR sets the backhaul link beam by being explicitly indicated by the gNB, and when the NCR does not receive the backhaul link beam indication from the gNB, NCR sets the backhaul link beam as a default beam according to a pre-defined rule.

Proposal 1: For backhaul link beam adaption of NCR-Fwd, the applied beam can be configured semi-statically and explicitly.

Same or different beam for backhaul link and C-link
Another considerable point for backhaul link beam indication of NCR is whether same beam for backhaul link and C-link can be assumed or not for the time resource that C-link and backhaul link of NCR is simultaneously transmitting or receiving. To prevent forcing specific implementation of NCR, both of cases for same beam between backhaul link and C-link and different beam between backhaul link and C-link should be supported. To achieve it, whether NCR can support same or different beam between backhaul link and C-link should be reported to the gNB through the capability signaling, and it should be accounted for the methodology of the backhaul link beam indication.
In other words, if the NCR supports only for the same beam of backhaul link and the C-link according to the capability signaling, it can be considered that the NCR applies the C-link beam to the backhaul link for the time resources that the backhaul and C-link transmit and receive at the same time, and for a time resource that the backhaul and C-link do not transmit and receive at the same time, the NCR sets backhaul link beam according to the explicit indication from gNB or pre-defined rule. On the other hand, if the NCR supports different beam of backhaul link and the C-link, it can be considered that NCR sets backhaul link beam according to the explicit indication from gNB for the time resource that C-link and backhaul link of NCR is simultaneously transmitting or receiving.

Proposal 2: For backhaul link beam indication of NCR-Fwd, both of same beam and different beam for backhaul link and C-link are supported according to the capability of NCR.

Access link beam indication
Association of beam index and access link beam
In this section, we propose some details of the NCR access link how to well indicate those beam indices and beam information.

Beam index composition for access link beam indication
During the study of Rel-18 NCR, it is agreed that beam index is used to indicate an access link beam applied to the NCR-Fwd. 
For the access link beam indication, network needs to indicate which beam would be applied among the NCR-Fwd beams and the time resource of that beam. Since a variety of NCR might have different number of supported access link beams and different characteristic among each other, network needs to aware of the number of access link beams for appropriate beam indication. Such information of an access link beam can be shared to the network as an implementation. However, accounting for the scenario of NCR from various manufacturers are deployed in network, reporting the access link beam information from NCR to the network would be helpful and necessary. In this regard, the number of supported access link beams at the NCR-Fwd can be reported to the network as NCR capability information.
With the information, network can indicate which beam index of NCR-Fwd to be applied among these supported access link beams. If the number of supported access link beam at the NCR-Fwd, i.e., NAC, is small, the applied beam index can be indicated directly. In case of the supported number of access link beam is relatively large, indicating single access beam among all of the supported beams requires quite amount of signaling overhead. To prevent it, indicating an index within a certain subset of supported NAC can be considered for the efficiency in terms of signaling overhead. From enable it, network can configure the candidate beams which is the subset of whole supported access link beams by NCR, and then indicate an index among that subset to indicate for NCR to apply corresponding access link beam. 

Proposal 3: The supported number of access link beams at the NCR-Fwd can be reported to the network as NCR capability.
Proposal 4: Among the supported access link beam at the NCR-Fwd, a subset of beams can be used for access link beam indication. 

Preferred/Not-preferred access link beam report
Depending on the direction of the beam which the NCR-Fwd performs DL transmission in the access link, the interference NCR-MT experiencing during DL reception in the C-link can be different. Conversely depending on the direction of the beam which the NCR-MT performs DL reception in the C-link, the DL signal transmitted by the NCR-Fwd to the access link can cause different level of interference on the DL signal received by the NCR-MT from the C-link. So, the interference problem with received signal at the C-link of NCR-MT is up to the direction of DL Tx beam at NCR-Fwd and/or DL Rx beam at NCR-MT.
In this regard, reporting of NCR to network about the preferred/not preferred beam(s) among the access link beams can be considered accounting for the described self-interference of the NCR. To support it, for example, when applying the DL-Rx beam of the backhaul link, the NCR’s reporting of a list of preferred/not-preferred access link beams for each DL-Rx beam can be considered. In this case, network can effectively indicate the access link beam refer to the reported preferred/not-preferred beam information. Furthermore, the beam preference information would be helpful for network as well for determining the subset of supported access link beams which is used for indication of access link beam.

Proposal 5: Preferred or not-preferred access link beam(s) for each DL-Rx beam of NCR-MT can be reported to the network.

Multi-beam indication
When NCR consists of multi-antenna array, simultaneous multi-beam operation at a certain time within same frequency can be considered. One simple way to utilize multi-beam operation is directly indicating such multiple beam indices for the same time resource, e.g., two different beams are indicated for single time resource. If the combined beam is a beam generated by synthesizing a multiple of beam, it is hard to expect that the characteristic of the combined beam is identical to that of a single uncombined beam. For example, consider beam#1 and beam#3 are pointing different directions. For the direction that beam #1 is pointing, it is hard to be assumed that the directivity of the beam generated by combining the beam#1 and beam#3 and the directivity of the beam #1 is same. Thus, combined beam is necessary to be defined as independent beam index. For example, the combined beam {beam#1, beam#3} should have a new beam index, e.g. beam#m, and for the multi-beam operation, that beam#m needs to be indicated. The indexing of the combined beam might be an implementation issue. 
However, it is also possible to consider the network would determine the combined beam and its index associated with multiple beams for the access link in terms of network flexibility. Network can configure the indices for beam indication that associated with multiple beams from actual supported access link beams. And if the network indicate certain index from the configured indices, NCR-Fwd will perform corresponding direction of multi-beam.
For example, in Figure 1, the combined beam cand#1 is associated with both beam#1 and beam#2 and if network indicates the cand#1, NCR-Fwd will be triggered access link multi-beam operation via {beam#1, beam#2}. In this manner, NCR-Fwd will be able to perform both single and multi-beam operation by indicating pre-configured candidate beam index. NCR can be needed to report to the network such capability information, e.g. number of multi-beam can utilize simultaneously, to facilitate multi-beam operation.
 
Proposal 6: To support multi-beam operation for access link of NCR-Fwd, a dedicated beam index should be used to indicate multiple beam directions. 
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Figure 1. Example of configuration for access link beam index and associated access link beams

Beam width/arrangement information
Each individual beam index for the supported access link beams at NCR-Fwd may have different beam widths and different beam directions. In order for the gNB to perform transmission/reception with the UE using the access link beams of NCR-Fwd, it should be able to select a beam suitable for signal/channel transmission in consideration of the characteristics of each access link beam.
For example, on the time resource that the gNB transmits a cell-specific signal/channel, transmission of the access link at NCR-Fwd is performed by a wide beam, whereas on the time resource for the UE-specific signal/channel transmission, a narrow beam can be used by NCR-Fwd.
From this perspective, it is necessary to report such beam width information of access link beam to make network decide appropriate beam index for certain signal/channel transmission.
Furthermore, if network aware of the beam arrangement information relationship between wide and narrow beams in addition to the beam width of the access link beams, it would be helpful for network to determine which beam index to be used for SSB/CSI-RS transmission, as conventional beam refinement procedure based on the relationship between SSB and CSI-RS beams. For this, the NCR can also report beam arrange information about the access link beam to the network.

Proposal 7: The beam width per access link beam index and beam arrangement information can be reported to the network as NCR capability.

Signaling for access link beam indication
According to TR 38.867 [2], both of dynamic beam indication and semi-static beam indication are recommended for access link. Also, for the time-domain granularity of the access link beam indication and determination, both slot-level and symbol-level granularity are recommended. Based on the result of the Rel-18 NCR study, followings are proposed;

Proposal 8: For access link beam indication of NCR-Fwd, both of semi-static and dynamic indication are supported.
Proposal 9: For access link beam indication of NCR-Fwd, both of slot-level and symbol-level granularity are supported.

During the study item stage, it was agreed that the time domain resource corresponding to an access link beam is determined based on the explicitly indicated time domain resources per beam indication [2]. In other word, when the beam index applied to the access link is indicated through the beam indication, information on the time resource to which the corresponding beam index is applied should be indicated together. For this, a method of beam information and the corresponding time resource is discussed below.

Semi-static configuration
In case of semi-static beam indication, for multiple beam indices, time resource information to which the corresponding beam index is applied can be configured. That is, when there are N beams, beam #0, #1, …, beam N-1, for access link beam indication, a set of time resources corresponding to the beam index can be configured for each beam index. For example, as shown in Figure 2.(a), the location of the time resource to which each of beams #0, #1, #2, and #3 is applied can be configured. 
In more detail, in order to configure the location of a time resource to which of each beam index is applied, one or multiple of sets of {start symbol location, symbol length} information can be configured. Each {start symbol location, symbol length} information indicates the location of a set of continuous symbols. In Figure 2.(b), an example of indicating a time domain resource for beam index #0 is illustrated. In this example, {start symbol 1, symbol length 1} and {start symbol 2, symbol length 2} are configured to indicate a time resource to which beam index #0 is applied. Through this, the NCR can determine that beam index #0 is applied during ‘symbol length 1’ symbols from ‘start symbol 1’ location and ‘symbol length 2’ symbols from ‘start symbol 2’ location within each period.
This semi-static beam configuration can be applied periodically. For the periodicity of beam configuration, the same periodicity may be applied to all beam indices, or an independent period may be applied to each beam indices. More specifically about the latter option, when a beam index is applied for multiple sets of {start symbol location, symbol length} configuration, independent period may be applied to each {start symbol location, symbol length} configuration or the same period may be applied to all configurations.

Proposal 10: For semi-static configuration of access link beam, periodic time domain resource information corresponding to each access link beam index is configured.
Proposal 11: To indicate time domain resource for an access link beam index, one or multiple sets of continuous symbol resource and periodicity can be configured.
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(a) Time domain resource for multiple access link beam indices
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(b) Time domain resource allocation corresponding to a beam index #0
Figure 2. An example of semi-static access link beam configuration

Dynamic beam indication
For dynamic and aperiodic beam indication, time domain resource information to which the corresponding beam index is applied can be indicated for each beam index for one or multiple beam indices.
To indicate the time resource corresponding to a beam index, the relative symbol location from the last symbol of PDCCH containing the beam indication can be indicated as shown in Figure 3. In more detail, in order to indicate the location of a time resource to which each beam index is applied, one or multiple sets of {offset, symbol length} information can be configured, where each {offset, symbol length} implies ‘symbol length’ continuous symbols from the symbol indicated by ‘offset’.
For dynamic access link beam indication, a new DCI needs to be introduced and the DCI may be NCR-MT specific DCI or NCR-MT group specific DCI. When an NCR-MT specific DCI is used, side control information delivered to an NCR-MT is contained to a DCI. From the DCI, the access link beam information applied to the NCR-Fwd can be indicated. Alternatively, when NCR-MT group specific DCI is used, side control information for a group of NCR-MTs can be contained within a DCI. Within a DCI, side control information dedicated to different NCR-MTs may be transmitted through the same or different DCI fields. In this case, the NCR-MT can determine the position of the DCI field it receives within the DCI, and can obtain access link beam information applied to the NCR-Fwd through the DCI field.

Proposal 12: For dynamic indication of access link beam, aperiodic time domain resource information corresponding to each access link beam index is configured.
Proposal 13: Discuss whether dynamic access link beam indication is delivered by NCR-MT specific DCI or NCR-MT group specific DCI.

[image: ]
Figure 3. An example of dynamic access link beam indication

Carrier specific beam indication
Within a forwarding band of an NCR-Fwd, multiple carriers may be included. In each carrier within a forwarding band, transmission and reception with different UEs may be performed. In this case, the appropriate transmission/reception access link beam direction may be different for each carrier. In consideration of this, carrier-specific access link beam indication needs to be supported for NCR-Fwd.

Proposal 14: Carrier-specific access link beam indication is supported considering the case in which the NCR-Fwd forwards the signal for the multi-carrier through the forwarding band.

ON-OFF indication
During the study item stage of Rel-18 NCR, following options are discussed to indicate the ON-OFF information from gNB to NCR [2].
· 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 side-control information (e.g., beam, DL/UL configuration, or PC information). It should be noticed that this example does not imply that PC information is necessary or not.

Implicit ON-OFF determination
In Section 3.2, a method for indicating a beam index to be applied to an access link and a corresponding time domain resource is discussed. It is expected that access link beam information is indicated for the time resource that the NCR-Fwd needs to perform forwarding operation. 
In this case, implicit ON-OFF determination for NCR-Fwd can be applied without explicit ON-OFF indication as follows.
· For a time resource to which beam index to be applied by NCR-Fwd is given, ON is assumed for NCR-Fwd operation (i.e., NCR-Fwd performs forwarding operation).
· For a time resource to which beam information is not given, OFF is assumed for NCR-Fwd operation (i.e., NCR-Fwd does not perform forwarding operation).
Considering these, supporting access link beam indication in FR1 as well as FR2 is desirable in terms of unified design for ON-OFF operation regardless of frequency range.

Proposal 15: ON-OFF operation of NCR-Fwd is determined implicitly based on access link beam indication.
· For a time resource to which beam index to be applied by NCR-Fwd is given, ON is assumed for NCR-Fwd operation (i.e., NCR-Fwd performs forwarding operation).
· For a time resource to which beam information is not given, OFF is assumed for NCR-Fwd operation (i.e., NCR-Fwd does not perform forwarding operation).

Carrier specific ON-OFF determination
Within a forwarding band of an NCR-Fwd, multiple carriers may be included. In this case, only some carriers may be used for transmission/reception with the UE. Therefore, for the purpose of ON-OFF operation on the efficient interference management and improved energy efficiency, it is necessary to perform ON-OFF operation for each carrier.
When a carrier-specific access link beam indication is supported, it is possible to determine the ON-OFF operation of the NCR-Fwd implicitly and carrier-specifically based on this.

Proposal 16: Carrier-specific ON-OFF operation is supported considering the case in which the NCR-Fwd forwards the signal for the multi-carrier through the forwarding band.

TDD UL/DL information on semi-static flexible symbols
In this section, the usage of flexible resources configured from the semi-static TDD for NCR is discussed. According to TR 38.867, NCR-Fwd follows semi-static TDD configuration of the NCR-MT (TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated (if configured)). Meanwhile, following three options will be considered for how to control the flexible symbol on semi-static TDD configuration refer to the agreement in RAN1#110.
· 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. It means that no new side control signaling 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

It is noted that practical live networks operate based on the static TDD configuration. Accounting for this, methods to support dynamic UL/DL indications, such as Option 2 and Option 3 is not preferable in real deployment scenario.
For Option 1, no ambiguity is remained since slot format determination on the flexible resource is not considered. On the other hand, for Option 2, all of the UEs served via NCR-Fwd and the NCR-MT should determine same direction on the flexible resource. Otherwise, such misalignment between the UL/DL information of NCR-Fwd and that of single UE can lead for that UE to perform DL reception or UL transmission even if NCR-Fwd does not forwarding it due to the different link direction. It is even worse when UL/DL information of NCR-Fwd and those of other UEs. In such case, NCR-Fwd causes undesirable interference to the network due to the different link direction and those of UEs are being served.
Based on the above explanation, Option 1 is the desirable and safer choice in terms of guaranteeing reliability of the backhaul link. Thus, no further discussion of dynamic TDD application for the NCR is preferred and the Option 1, i.e., treated as OFF, should be supported for the flexible symbols determined by TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated (if configured) at the NCR-Fwd.

Proposal 17: Flexible symbol determined by TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated (if configured) is treated as OFF symbol

Others
NCR-Fwd operation in RRC-idle/inactive state of NCR-MT
For NCR operation, it is necessary to discuss whether the NCR-Fwd can perform the forwarding operation even if NCR-MT is in the RRC-idle/inactive state.
In the RRC-idle/inactive state of the NCR-MT, it is hard to be expected that the NCR-MT receives side control information for operation of NCR-Fwd from the gNB as if in the RRC-connected state of the NCR-MT. Also, in such case, it is difficult for the NCR to determine whether it is possible to reliably forward signals with the gNB through the backhaul link. Therefore, it is natural to consider that NCR-Fwd does not perform forwarding operation while NCR-MT is in RRC-idle/inactive state.

Proposal 18: NCR-Fwd operation is considered as OFF during RRC-idle/inactive state of NCR-MT.

Internal delay report for NCR-Fwd timing alignment
According to the TR 38.867, the following assumption is considered as baseline for the timing of NCR.
· The DL receive timing of the NCR-Fwd is aligned with the DL receive timing of the NCR-MT.
· The UL transmit timing of the NCR-Fwd is aligned with the UL transmit timing of the NCR-MT.
· The DL transmit timing of the NCR-Fwd is delayed after the DL receive timing of the NCR-MT (or the NCR-Fwd) by an internal delay; 
· The UL receive timing of the NCR-Fwd is advanced before the UL transmit timing of the NCR-MT (or the NCR-Fwd) by an internal delay. 

During the study item phase, there was a discussion about whether it is necessary to report the value of internal delay applied by NCR-Fwd to the network. If the amount of internal delay exceeds the CP length, the internal delay information is required for the gNB to configure appropriate guard intervals for DL-UL switching and timing adjustment. Therefore, it is necessary that the value of internal delay is reported to the network as NCR capability.

Proposal 19: The value of internal delay of NCR-Fwd can be reported to the network as NCR capability.

Summary
In this contribution, we discuss the signalling and behavior of NCR and obtained following proposals.

Proposal 1: For backhaul link beam adaption of NCR-Fwd, the applied beam can be configured semi-statically and explicitly.
Proposal 2: For backhaul link beam indication of NCR-Fwd, both of same beam and different beam for backhaul link and C-link are supported according to the capability of NCR.
Proposal 3: The supported number of access link beams at the NCR-Fwd can be reported to the network as NCR capability.
Proposal 4: Among the supported access link beam at the NCR-Fwd, a subset of beams can be used for access link beam indication. 
Proposal 5: Preferred or not-preferred access link beam(s) for each DL-Rx beam of NCR-MT can be reported to the network.
Proposal 6: To support multi-beam operation for access link of NCR-Fwd, a dedicated beam index should be used to indicate multiple beam directions. 
Proposal 7: The beam width per access link beam index and beam arrangement information can be reported to the network as NCR capability.
Proposal 8: For access link beam indication of NCR-Fwd, both of semi-static and dynamic indication are supported.
Proposal 9: For access link beam indication of NCR-Fwd, both of slot-level and symbol-level granularity are supported.
Proposal 10: For semi-static configuration of access link beam, periodic time domain resource information corresponding to each access link beam index is configured.
Proposal 11: To indicate time domain resource for an access link beam index, one or multiple sets of continuous symbol resource and periodicity can be configured.
Proposal 12: For dynamic indication of access link beam, aperiodic time domain resource information corresponding to each access link beam index is configured.
Proposal 13: Discuss whether dynamic access link beam indication is delivered by NCR-MT specific DCI or NCR-MT group specific DCI.
Proposal 14: Carrier-specific access link beam indication is supported considering the case in which the NCR-Fwd forwards the signal for the multi-carrier through the forwarding band.
Proposal 15: ON-OFF operation of NCR-Fwd is determined implicitly based on access link beam indication.
Proposal 16: Carrier-specific ON-OFF operation is supported considering the case in which the NCR-Fwd forwards the signal for the multi-carrier through the forwarding band.
Proposal 17: Flexible symbol determined by TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated (if configured) is treated as OFF symbol
Proposal 18: NCR-Fwd operation is considered as OFF during RRC-idle/inactive state of NCR-MT.
Proposal 19: The value of internal delay of NCR-Fwd can be reported to the network as NCR capability.
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