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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.

Association of beam index and access link beam
Access link beam characteristics

In RAN1#110bis-e meeting, characterizing the physical beam for the access link at NCR-Fwd was discussed and the relevant agreement has been endorsed. However, various detailed information of those beam characteristics remained to be further discussed [2].
	Agreement
The following information can be used to characterize the physical beam(s) supported by NCR-Fwd for access link: 
· Number of beams supported for access link
· FFS: How to define the detailed value (e.g., per beam type)
· FFS: Whether the number of beam can be derived by beam layout
· Spatial relationship between different beams
· FFS: Beam types defined by the beam width (e.g. two types as wide beam and narrow beam type)
· FFS: Beam direction defined by the boresight of beam
· FFS: Whether/How to deliver this information to gNB
· FFS: Coverage area for each beam type
· FFS: Beam ID (via explicit or implicit means) 



It was agreed that the number of supported beam for access link is at least necessary to facilitate the access link beam indication in the manner of beam index. But there was no further decision on the detailed definition of value for the number of beams supported for access link at NCR-Fwd. 
In our view, the number of beam should be all the applicable supported beams for access link at NCR-Fwd regardless of beam type definition. There were some proposals that  the number of beam would be supported beams per beam type defined by beam width. However, it is doubt that how the beam type can be categorized discretely. It is not a feasible way to classify beam type as wide/narrow beam since physical beam can be formulated in a variety method.  For example, the width of the beam would be very diverse, so it will not be divided several widths. Also, each generated beam have different sidelobes can form many kinds of width or might go in multi-direction depending on sidelobe level. Considering this, the number of beam characterized by per beam type is not a proper option.

Proposal 1: Number of beams should be defined as all the supported beams for access link at NCR-Fwd regardless of beam type. 

In addition, spatial relationship has been agreed one of access link beam characteristic. However, there is ambiguity of statement “spatial relationship between different beams” that might be interpreted differently. To clarify what does spatial relationship mean, an inclusion relationship between beams can be considered. One possible explanation is “certain beams are included in the coverage of spatial related beam”. For example, if beam index #0~#7 exist, and considering the situation that directions of beam#4, #5, and #6 are within the coverage of relatively wide beam#2, this can be described as “beam#4, #5, and #6 have spatial relationship with beam#2”. The direction of supported beams would be well-known by NCR itself, so the information of spatial relationship also can be contained in the report of the capability information.

Proposal 2: Define the “certain beam A has spatial relationship with beam B” as “the direction of beam A is included in the coverage of beam B”. 

Additionally, some further discussion topics about access link beam characteristics such as beam type, beam direction, and coverage area are remained in the agreement. 
A beam shape will be very diverse depending on how to beam formulated as well as it might be difficult to define the direction of that beam. For example, the direction of beam will be ambiguous if the sidelobe level is lower, or multi-direction can be made depending on the sidelobe level even if sidelobes are usually radiation in undesired directions. Considering that a beam cannot be generated only in one direction as described, it is not a proper solution that simply divided into a wide beam or a narrow beam in the terms of a beam width. Meanwhile, it is possible to sufficiently obtain the relative beam width information from the spatial relationship between different beams without explicitly beam width defined.
Also, since the network can determine proper beams based on the beam measurement result from UE, it is considered that the network does not need to know physical characteristics of each beam. From this perspective, there is no necessary of additional discussion about FFS points like beam type/beam direction/coverage area. Thus, the information both number of beams and spatial relationship with proposed clarification is sufficient to characterize access link beams and can be reported via capability information.

Proposal 3: Further discussion is not preferred except number of beams and spatial relationship for characterizing access link physical beam.

Association between beam index and physical beam supported by NCR-Fwd for access link

In the last meeting, there was a discussion about how associate between the physical beam and the beam index for the access link of NCR-Fwd. The following options were discussed depending on the indexing hierarchy, but no consensus has been reached.
· Option-1: All beams are indexed regardless of the beam type for each beam
· Option-2: Beams are independently indexed per beam type(e.g., all narrow/wide beams belong to the same type are indexed separately)
· Option-3: Beams are hierarchically indexed according to the spatial relationship between different beam types (e.g., narrow beams associated with the same wide beam are separately indexed, and different wide beams are separately indexed)
In order to apply Option-2 and Option-3, beam width information is required. As described earlier, these options are not appropriate methods since the ambiguity of wide/narrow beam in terms of beam type. Therefore, Option-1 is preferred which can be commonly applied regardless of the beam type.

Proposal 4: All beams are indexed regardless of the beam type for each beam.

Access link beam index used in side control information

Meanwhile, how to determine the beam index used by side control information for the access link beam indication was also discussed with following options.
· Option-1: The beam indices are configured by gNB
· FFS: How to inform the NCR on which beams are selected and/or indexed by gNB
· Option-2: The beam indices are reported by NCR
· Note: In this option, the reported beam index of supported beam will be used for beam indication.
· Option-3: The beam indices are determined by the pre-defined rule.
· Note: In this option, same rule is applied at both gNB and NCR sides to identify the unique physical beam supported by NCR for each beam index.
The Option-1 is a proper way among the options in our perspective. In case the number of supported beam is large, the network will take on too much overhead to indicate access link beam via side control information. For example, as beam indices increase, the overhead for beam indication increases together. In particular, if those beams are dynamically indicated, problem appears that large number of bit operation required within the limited DCI field size. Moreover, gNB should consider RS overhead for managing those beams of access link at NCR-Fwd in addition to its normal link. Thus, the large amount of access link beams cause a resource overhead with increased scheduling of RS, i.e., SSB/CSI-RS, that gNB to take account. Also, if there are unnecessarily large amount of beams for the access link, the measurement burden increases from the UE perspective.
In addition, depending on the user load or the location of the UE serving by the NCR, the required number of access link beams or the adequate beam resource may be varied in case by case. From this perspective, network would not be always needed all the supported beams. To address this condition, it is beneficial to configure the subset of supported beams for beam indication by side control information. For example, network can configure and utilize as needed as the subset of physical beams for access link based on the beam capability information reported from NCR and measurement results from UE. As depicted in Figure 1, if the number of supported beam (i.e., NAC) is reported from NCR, gNB will be able to configure M beam indices and using those indices for access link beam indication. 
In addition, simultaneous multi-beam operation for access link with single beam index indication also can be supported, if multiple physical beams of access link can be mapped into certain configured beam index.
Considering the circumstance above mentioned, Option-2 and Option-3 will not able to achieve the benefits of Option-1. 

Proposal 5: Access link beam indices used in side control information are configured by gNB
Proposal 6: Among the supported access link beam at the NCR-Fwd, a subset of beams can be used for access link beam indication. 
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Figure 1. Example of configuration for access link beam index for side control information and associated physical beams

Access link beam indication
Regarding access link beam indication, following agreements were made in the last meeting [2]. Based on the agreements, indication of access link beam index and corresponding time resource by side control information are discussed in this section. 
	Agreement
The following methods are supported for access link beam indication:
· Single beam index per indication is supported to indicate one beam.
· The indication of multiple beams in one indication is supported
· Note: The multiple beams are applied in TDMed over same frequency resource

Agreement
Confirm the WA that in access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.

Agreement
Following parameters should be supported to define the time resource:
· For a periodic and/or semi-persistent configured time resource, starting time, duration per beam(s) and periodicity is needed.
· For aperiodic indication of time resource, starting time and duration per beam(s) is needed.  
· FFS: The SCS for starting time, duration, and periodicity
· FFS: How to define the duration, e.g., via the length of time resource or resource index(es)
· FFS: Whether indication of starting time can be implicit (e.g., the first slot after the time to apply the received beam indication and the first OFDM symbol in the slot)



Signaling for access link beam indication
For signalling of access link beam indication, periodic, semi-persistent, and aperiodic indication are to be supported. 

Periodic configuration

In case of periodic configuration, access link beam information and corresponding periodic time resource will be configured by RRC signalling. In detail, a set of beams can be configured by a configuration, and time resource to which the corresponding beam is applied will be also configured for each beam. 
A time resource consists of continuous symbols defined by starting time and duration and exists periodically according to the agreement in the last meeting. Then, it seems necessary to discuss whether one beam index is mapped with one time resource or whether it can be applied to multiple time resources. In our understanding, the main purpose of periodic configuration is to configure beam information required to forwarding semi-static and periodic signal/channel transmission. In this case, different semi-static and periodic signals/channels may be transmitted in the same beam direction. For example, if SSB and SIB1 are transmitted in the same beam direction, the time resource corresponding to the SSB transmission resource and the time resource corresponding to the transmission resource of SIB1 should be configured to be transmitted in the same beam direction. Considering this, it is necessary to enable one beam index to be mapped to multiple time resources.

Proposal 7: For semi-static access link beam configuration, single or multiple beams can be configured.
Proposal 8: For semi-static access link beam configuration, a beam index can be mapped to multiple time resources.

In terms of periodicity of time resource, it is necessary to clarify whether all time resources in the periodic configuration have the same period or different periods for each time resource. 
Consider a case in which SSB and SIB1 transmission are transmitted with different periods in the same beam direction (i.e., beam #0) as depicted in Figure 2.(a). If different time resources for beam indication should be configured to share a period, to indicate the time resources of SSB and SIB1 in Figure 2.(a), it is necessary to configure three time resources having the same period as shown in Figure 2.(b). On the other hand, if each time resource can be configured to have an independent period, the same time resource can be expressed by configuring two time resources with different periods as shown in Figure 2.(c). Considering the pros and cons of two methods, it is necessary to determine how to configure the period.

Proposal 9: Discuss whether time resources for periodic access link beam configuration have the same or independent periodicity.
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(a) Time resource for SSB and SIB1 transmission
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(b) Multiple time resource configuration with same periodicity
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(c) Multiple time resource configuration with independent periodicity
Figure 2. Examples of periodicity configuration for periodic access link beam configuration

Semi-persistent configuration

Semi-persistent configuration would be mainly needed for beam indication in time resource in which semi-persistent transmission such as SPS PDSCH and CG-PUSCH is forwarded. Considering that transmission of semi-persistent channel is configured by RRC and activated/deactivated by MAC-CE or DCI in general, the semi-persistent configuration of side control information can be configured by RRC and activated/deactivated at least by DCI. 
In addition, SPS PDSCH and CG-PUSCH are configured UE-specifically, and a set of configurations can be configured for a UE and activated/deactivated in a configuration unit. Therefore, configuration of multiple semi-persistent configurations should be supported for an NCR-MT, and independent activation/deactivation for each semi-persistent configuration seems required.

Proposal 10: Configuration of semi-persistent access link beam information can be signalled by RRC, and activation/deactivation of each configuration can be indicated by DCI.

Aperiodic indication

Aperiodic indication of access link beam and corresponding time resource by DCI signalling is supported for NCR. 
Considering beam indication for a forwarding resource of a specific signal/channel, indication of a single beam index and a time resource to which the indicated beam is applied should be supported.
On the other hand, it is also needs to be supported to indicate multiple beam indices and multiple time resources by a single aperiodic beam indication. When multiple signals/channels are sequentially forwarded, such as PDCCH-PDSCH-PUCCH transmission and PDCCH-PUSCH transmission, rather than individually signalling a beam indication for a transmission resource of each channel, it may be efficient to signal at once. Also, this method may be useful even when signals/channels for different UEs are transmitted through adjacent time resources.
For example, suppose that NCR-Fwd forwards PDCCH, PDSCH, and PUCCH transmissions as shown in Figure 3.(a). In this case, rather than indicating beam information for time resources that each channel is transmitted through three independent beam indications as in Figure 3.(b), it is efficient to indicate beam information for time resources in which multiple channels are transmitted through one indication at once as shown in Figure 3.(c).
Therefore, one or multiple beams and time resources to which each beam is applied should be able to be indicated by one aperiodic beam indication.

Proposal 11: For aperiodic indication, single or multiple sets of {beam index, corresponding time resource} can be indicated in one indication.
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(a) Time resource for PDCCH, PDSCH, and PUCCH
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(b) Single beam indication per beam indication
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(c) Multiple beams indication per beam indication
Figure 3. Examples of aperiodic access link beam indication

Beam indication overlapping
In the last meeting, the conflict issue of access link beam indication between two indications over same resource was discussed. 
In the case of the legacy UE, when a conflict occurs between different signals/channels, transmission of a previously scheduled signal/channel is dropped and transmission of a signal/channel scheduled later is performed in some cases as follows.
· In a conflict case between eMBB and URLLC data, eMBB data transmission is dropped and URLLC data transmission is performed in the overlapped symbol(s).
· In case of overlapping between SRS and PUSCH transmission, SRS transmission is dropped and PUSCH transmission is performed.
Considering the above cases, it may be necessary to replace the previous beam indication by a new beam indication for a specific time resource. For example, if a semi-static/semi-persistent configuration and a dynamic indication are conflicted in a time resource, it will be necessary to give priority to the dynamic indication.

Proposal 12: In case of conflict between semi-static/semi-persistent configuration and dynamic indication of access link beam indication in a symbol, dynamic indication is prioritized than semi-static/semi-persistent configuration.

Beam indication in paired spectrum
NCR may be operated in FR1 FDD/TDD & FR2 TDD band. If an NCR is operated in FDD band, it may have to perform DL and UL forwarding operations simultaneously for the same or different UEs. Considering this, there is a need to perform beam indication for DL and UL independently. Therefore, it is necessary to discuss independent indication of access link beam information for DL and UL for NCR in paired spectrum.

Proposal 13: Discuss access link beam indication for DL and UL forwarding operation in paired spectrum.

Backhaul link beam indication
In this section, new signaling and pre-defined rule for backhaul link beam indication are discussed. Regarding backhaul link beam indication, following is agreed in previous meeting [2].
	Agreement
If adaptive beams are adopted for C-link and backhaul link, new signaling is supported to indicate a beam(s) used for backhaul link from the set of beams for C-link.
· Predefined rule is used to define the beam in case there is no indication via the new signalling
· FFS: Details of the predefined rule
· FFS: Application of predefined rule for other cases
· Note: The beam(s) used for backhaul link should be from the RRC-configured list of beams for C-link.
· The new signalling, if needed, is an optional NCR capability



According to the agreement above, the beam applied to the backhaul link is indicated by network via new signalling, or determined by the predefined rule when the new signalling is absent. On the other hand, considering the cases when the NCR applies same beam to both of NCR-MT and NCR-Fwd for simultaneous operation of the C-link and backhaul link due to the sharing antenna and/or RF chain between NCR-MT and NCR-Fwd, it is reasonable for backhaul link beam of NCR to be aligned to C-link beam in case of simultaneous operation of C-link and backhaul link and the same direction of the links, i.e., UL or DL is applied.

Proposal 14. The beam used for C-link is applied to backhaul link when both of links are simultaneously operating in the same UL/DL direction, at least for NCR cannot apply different beams for C-link and backhaul link simultaneously.

New signalling for backhaul link beam indication

When NCR supports unified TCI state framework, TCI state ID can be used for indication of both of DL and UL for backhaul link beam. However, it should be noted that it is not a mandatory feature for NCR-MT, so the beam indication which is applied to backhaul link based on Rel-15 beam indication framework should be discussed.
It is natural that TCI state ID is indicated for downlink beam and SRI is indicated for uplink beam when NCR-MT only supports Rel-15 beam indication framework.
Meanwhile, it should be noted that TCI state ID is defined in the pdsch-Config IE, which is associated with the BWP, BWP-DownlinkDedicated, therefore it makes it to be UE-specific PDSCH configuration. In other words, TCI state ID is BWP-specific configuration for NCR-MT, which is UE-specific configuration, not cell common configuration. Accordingly methodology for determination of certain BWP is necessary, and it needs to be discussed. It is out of commonality that backhaul link is indicated while changing the BWP, considering that it is a backhaul link. Therefore, it would be appropriate to indicate a specific BWP in advance to set the TCI state ID for the BWP, or to indicate the TCI state ID based on a specific BWP, for example, initial BWP or default BWP.

Proposal 15. For a new signalling of backhaul link beam indication, 
· In case of Rel-15 beam indicate framework is used for NCR-MT,
· The downlink beam indication is based on the TCI state ID, and the BWP of the indication is based on the initial BWP or default BWP.
· The uplink beam indication be based on SRI.
· In case of Rel-17 beam indication framework is used for NCR-MT,
· Both of downlink and uplink beam indication is based on the TCI state ID.

The detailed indication methodology regarding new signalling for backhaul link beam indication is needed. For the first step, it should be carefully considered whether such indication is whether dynamic indication is needed or semi-static indication is sufficient. Since the NCR is network device, it is commonality that the NCR is deployed according to the network planning and the stability of backhaul link can be assumed to be considered at this stage. With that, dynamic beam change for backhaul link does not need to be considered since it is part of the deployment. Furthermore, to enable the gNB to use measurements of beams from UEs served by NCR effectively, it should be assumed that at least backhaul link beam is remained to be same during the time period when the access link beam is not changed. Considering those perspectives, once the backhaul link beam indication is configured, it would be appropriate to apply it until reconfiguration, i.e., semi-static configuration is sufficient for backhaul link beam indication.

Proposal 16. For backhaul link beam indication, semi-static configuration by RRC is sufficient.

Pre-defined rule for backhaul link beam

It was agreed that the backhaul link beam in indicated via new signalling but pre-defined rule is applied for the backhaul link beam determination when the new signalling is absent. One of the simplest pre-defined rule for such case is defining a default beam. For the default beam, one can say that the most recently applied C-link beam of NCR-MT can be applied for backhaul link beam as a default beam, however it could induce misunderstanding for the most recently applied beam between NCR and gNB according to the reception of NCR-MT, which is not desirable. The other possible solution for it is to set the beam applied by the MT to receive a specific signal/channel as the default beam of the backhaul link. In the case of a DL beam, a beam used for PDCCH reception is more reasonable than a beam applied for PDSCH reception so that reception can be performed stably even if a channel condition changes, since it can be assumed that such beam is indicated for PDCCH reception. Typically, a beam applied by the NCR-MT for Type0-PDCCH common search space (CSS) reception can be considered as a default beam.

Proposal 17. It is desirable to define a default beam for backhaul link for a pre-defined rule for backhaul link beam determination, and a beam applied by NCR-MT for Type0-PDCCH CSS reception can be considered as a downlink default beam.

ON/OFF indication
ON state indication
In terms of ON state indication of NCR-Fwd, three alternatives were made in the last meeting [2].
	Agreement
For the ON/OFF information indication, at least one of following options is supported to indicate the ON state of NCR
· Alt-1: Explicit indication with dedicated field to indicate ON state
· Note: At least it’s supported when the beam indication is not applicable
· Alt-2: Implicit indication via the beam indication
· Alt-3: Indication via the time domain resource indication (i.e., the NCR is assumed to be ON over the indicated time domain resource)



When the beam index for the access link is indicated, the time resource to which the corresponding beam index is applied is indicated together. This time resource is expected to be determined based on the resource where the signal/channel to be actually forwarded exists. Considering this, the reason for performing a separate ON indication is unclear and it is considered inappropriate in terms of signaling overhead. Therefore, implicit indication via the beam indication (i.e., Alt-2) should be adopted.
Regarding implicit ON determination via beam indication, there was a view that this scheme cannot be applied when beam indication is not applicable for NCR-Fwd especially in FR1. However, in our view, even if the NCR-Fwd has a single beam only, the beam indication can be applied as it is. In this case, since the number of access link beams is one, the same beam index (e.g., beam #0) will always be indicated.

Proposal 18: For ON state indication of NCR-Fwd, ON is assumed for a time resource to which beam index to be applied by NCR-Fwd is given.

OFF state indication
According to the result of study, the NCR-Fwd is always expected to be OFF unless otherwise explicitly or implicitly indicated by gNB [3]. Therefore, it is unnecessary to indicate the OFF state for a resource without ON/OFF information. Considering this, there is no need to support at least periodic/semi-persistent OFF state configuration.
On the other hand, the need to change ON/OFF state of a time resource configured to ON state by periodic/semi-persistent configuration was discussed. Accordingly, the support of dynamic OFF state indication was proposed. The following cases are examples of cases in which transmission of an existing periodic/semi-persistent signal/channel is cancelled.
· When the transmission of the SPS PDSCH is activated but not actually transmitted
· When SRS transmission is not performed due to collision with PUSCH
· When the UL/DL direction of the semi-statically configured signal/channel and the UL/DL information determined by dynamic slot format determination are different
If the benefit obtained by handling this issue is sufficient, it can be considered to support aperiodic indication of OFF state and the time resource to which the OFF state is applied.
For dynamic indication of OFF state, OFF state and beam index will not be simultaneously indicated for the same time resource. Therefore, it is sufficient to indicate a beam index or OFF state for a time resource. For this, it is considerable to indicate by combining the OFF state and the beam index using one DCI field (i.e., Beam/OFF indication field). For example, as in Table 1, a field value of ‘0’ may mean an OFF state, and other values may mean a specific beam index.

Proposal 19: OFF state indication is combined to beam indication. 

Table 1. An example of Beam/OFF indication field
	value
	description

	0
	OFF

	1
	Beam index 0

	2
	Beam index 1

	…
	…

	N
	Beam index N-1



At this time, each Beam/OFF indication may correspond to one time resource indication. For this purpose, as shown in an example in Figure 4, a Beam/OFF indication field and a Time resource indication field can exist as a pair. In this case, Beam/OFF indication 1 is applied to the time resource indicated in Time resource indication 1, and Beam/OFF indication 2 is applied to the time resource indicated by time resource indication 2.

Proposal 20: Each combined indication of beam and OFF state indication corresponds to a time resource.
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Figure 4. DCI fields for OFF state indication combined with Beam indication

ON/OFF indication in paired spectrum
As mentioned in Section 3.3, NCR can be operated in FDD band. In this case, whether the NCR forwards for DL and UL in a specific time resource may be different, and ON/OFF determination for DL and UL need to be independently performed. Therefore, support of independent determination/indication of ON/OFF state in DL and UL should be discussed in paired spectrum.

Proposal 21: Discuss ON/OFF indication for DL and UL forwarding operation in paired spectrum.

TDD UL/DL information on semi-static flexible symbols
Regarding NCR-Fwd behavior on the flexible symbol based on the semi-static configuration, it was agreed that the default behavior is to be OFF or not forwarding over these symbols as follow [2].
	Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the default behavior of the NCR-Fwd is expected to be OFF or not forwarding over these symbols
· FFS: The behavior over these symbol if dynamic DL/UL operation is supported by NCR-MT and/or NCR-Fwd.



The remaining issue is the behavior of NCR-Fwd on the flexible symbol based on the semi-static configuration when dynamic DL/UL operation is supported by NCR-MT and/or NCR-Fwd. 
In a legacy UE perspective, dynamic UL/DL determination by L1 scheduling on semi-static flexile resource is a mandatory feature. Thus, it is supposed that NCR-MT also support this feature as mandatory. Therefore, it would be appropriate to determine the operation of the NCR-Fwd differently depending on whether the dynamic DL/UL operation of the NCR-Fwd is supported, not whether the dynamic DL/UL operation of the NCR-MT is supported. 
If NCR-Fwd does not support dynamic DL/UL operation, it is natural that NCR-Fwd to be expected as OFF according to the default behavior. 
On the other hand, if NCR-Fwd supports dynamic DL/UL operation, of course, it is appropriate to use DL/UL information determined by SFI or DL/UL scheduling received by NCR-MT for dynamic DL/UL determination of NCR-Fwd. At this time, NCR-Fwd may operate as OFF for a symbol in which the NCR-MT does not determine DL/UL.

Proposal 22: If dynamic DL/UL operation is supported by NCR-Fwd, 
· For the symbol DL/UL operation is determined by NCR-MT based on L1 scheduling or SFI, NCR-Fwd follow the DL/UL operation of NCR-MT.
· For the symbol DL/UL operation is not determined by NCR-MT based on L1 scheduling or SFI, NCR-Fwd is expected to be OFF or not forwarding over these symbols. 

Others
NCR-Fwd operation in RRC inactive/idle state of NCR-MT
In the RAN2#119bis-e meeting, it was agreed that NCR-MT supports RRC-connected and RRC-idle states. 
According to TR 38.867, the NCR-Fwd is always expected to be OFF unless otherwise explicitly or implicitly indicated by gNB, and it is noted that this applies to the case regardless of the RRC state of NCR-MT [3]. Therefore, NCR-Fwd is expected to be OFF before NCR-MT establishing RRC connection by initial access since NCR-MT cannot receive side control information.
When the NCR-MT switches from the RRC-connected state to the RRC-idle state, it is also considered that it is preferable that the NCR-Fwd applies OFF state. 
One case in which the NCR-MT switches from the RRC-connected state to the RRC-idle state is a case in which link recovery fails after a problem occurs in the link connection between the NCR-MT and the gNB. In this case, since the NCR-MT cannot properly transmit to/receive from the gNB, the NCR-Fwd will also have a problem in the backhaul link with the gNB, so it is considered that the forwarding operation cannot be performed normally. 
RRC-idle state of NCR-Fwd also can be considered for the purpose of power saving of NCR-MT. However, since NCR may be operated as power-plugged, it is not necessary to switch NCR-MT to RRC-idle state while NCR-Fwd performs forwarding operation.
Therefore, it is desirable that NCR-Fwd operation is considered as OFF during RRC-idle state of NCR-MT. Or, the behavior of NCR-Fwd during RRC-idle state of NCR-MT can be up to NCR implementation.

Proposal 23: During RRC-idle state of NCR-MT, NCR-Fwd operation is considered as OFF or up to NCR implementation.

Internal delay report for NCR-Fwd access link timing information
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 24: The value of internal delay of NCR-Fwd can be reported to the network as NCR capability.

Forwarding frequency resource applying side control information
Regarding the frequency resource in which the NCR is operated, it seems necessary to clarify whether the NCR-Fwd can perform forwarding only for a single forwarding band or whether it can perform a forwarding operation for multiple forwarding bands.
If NCR-Fwd can perform a forwarding operation for multiple forwarding bands, independent side control information (e.g., beam information, ON-OFF information) for each forwarding band may be necessary. In this case, it is necessary to discuss how NCR-MT receives side control information for each forwarding band from serving cell(s). In order for the NCR-MT to receive forwarding band specific side control information, the NCR-MT can receive side control information for a forwarding band in a serving cell which is located inband with the forwarding band. Otherwise, the NCR-MT may receive side control information for multiple forwarding bands from a serving cell.

Proposal 25: Discuss whether multiple forwarding bands are supported for an NCR-Fwd. 

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

Association of beam index and access link beam
Proposal 1: Number of beams should be defined as all the supported beams for access link at NCR-Fwd regardless of beam type. 
Proposal 2: Define the “certain beam A has spatial relationship with beam B” as “the direction of beam A is included in the coverage of beam B”. 
Proposal 3: Further discussion is not preferred except number of beams and spatial relationship for characterizing access link physical beam.
Proposal 4: All beams are indexed regardless of the beam type for each beam.
[bookmark: _GoBack]Proposal 5: Access link beam indices used in side control information are configured by gNB
Proposal 6: Among the supported access link beam at the NCR-Fwd, a subset of beams can be used for access link beam indication. 

Access link beam indication
Proposal 7: For semi-static access link beam configuration, single or multiple beams can be configured.
Proposal 8: For semi-static access link beam configuration, a beam index can be mapped to multiple time resources.
Proposal 9: Discuss whether time resources for periodic access link beam configuration have the same or independent periodicity.
Proposal 10: Configuration of semi-persistent access link beam information can be signalled by RRC, and activation/deactivation of each configuration can be indicated by DCI.
Proposal 11: For aperiodic indication, single or multiple sets of {beam index, corresponding time resource} can be indicated in one indication.
Proposal 12: In case of conflict between semi-static/semi-persistent configuration and dynamic indication of access link beam indication in a symbol, dynamic indication is prioritized than semi-static/semi-persistent configuration.
Proposal 13: Discuss access link beam indication for DL and UL forwarding operation in paired spectrum.

Backhaul link beam indication
Proposal 14. The beam used for C-link is applied to backhaul link when both of links are simultaneously operating in the same UL/DL direction, at least for NCR cannot apply different beams for C-link and backhaul link simultaneously.
Proposal 15. For a new signalling of backhaul link beam indication, 
· In case of Rel-15 beam indicate framework is used for NCR-MT,
· The downlink beam indication is based on the TCI state ID, and the BWP of the indication is based on the initial BWP or default BWP.
· The uplink beam indication be based on SRI.
· In case of Rel-17 beam indication framework is used for NCR-MT,
· Both of downlink and uplink beam indication is based on the TCI state ID.
Proposal 16. For backhaul link beam indication, semi-static configuration by RRC is sufficient.
Proposal 17. It is desirable to define a default beam for backhaul link for a pre-defined rule for backhaul link beam determination, and a beam applied by NCR-MT for Type0-PDCCH CSS reception can be considered as a downlink default beam.

ON/OFF indication
Proposal 18: For ON state indication of NCR-Fwd, ON is assumed for a time resource to which beam index to be applied by NCR-Fwd is given.
Proposal 19: OFF state indication is combined to beam indication. 
Proposal 20: Each combined indication of beam and OFF state indication corresponds to a time resource.
Proposal 21: Discuss ON/OFF indication for DL and UL forwarding operation in paired spectrum.

TDD UL/DL information on semi-static flexible symbols
Proposal 22: If dynamic DL/UL operation is supported by NCR-Fwd, 
· For the symbol DL/UL operation is determined by NCR-MT based on L1 scheduling or SFI, NCR-Fwd follow the DL/UL operation of NCR-MT.
· For the symbol DL/UL operation is not determined by NCR-MT based on L1 scheduling or SFI, NCR-Fwd is expected to be OFF or not forwarding over these symbols. 

Others
Proposal 23: During RRC-idle state of NCR-MT, NCR-Fwd operation is considered as OFF or up to NCR implementation.
Proposal 24: The value of internal delay of NCR-Fwd can be reported to the network as NCR capability.
Proposal 25: Discuss whether multiple forwarding bands are supported for an NCR-Fwd. 

Reference
[1] ZTE Corporation, “New WID on NR network-controlled repeaters,” RP-222673, e-Meeting, September 12 – 16, 2022
[2] Chair’s note in RAN1#110-e meeting
[3] 3GPP TR 38.867 V 18.0.0
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