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1 Introduction
In RAN#98-e, Rel-18 new study item on “New WID for NR network-controlled repeaters” is endorsed [1]. The objective of the study item is as follows.
	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
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 will provide our views on the design of side control information and NCR behavior.
2 [bookmark: _Hlk101377211]Side control information
In TR 38.867 [2], the model of network-controlled repeater was captured, as shown in Figure 1. In particular, NCR consists of two functional entities: one is NCR mobile terminal (NCR-MT) and the other is NCR forward (NCR-Fwd). NCR-MT can communicate with a gNB via Control link (C-link) to enable the information exchanges (e.g., side 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. Moreover, the NCR-Fwd is controlled by the side control information.
[image: ]
Figure 1. The model of network-controlled repeater
According to the WID [1], three aspects are expected to be specified regarding side control information for controlling the NCR-Fwd, including beamforming, on-off information and UL-DL TDD operation. In the following, these aspects will be discussed in detail.
2.1 Beamforming
There are two main aspects related to the beamforming of NCR, beamforming for backhaul link and the beamforming for access link. In the following, the discussion on both of the aspects is provided, respectively.
2.1.1 Backhaul link
In terms of the beamforming for backhaul link, the following agreements were achieved.
	Agreement
The semi-static beam indication for backhaul link is supported as:
· If the beam indication framework in Rel-15 is used for NCR-MT
· The DL beam is indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
· The UL beam is indicated by SRI on C-link via MAC CE.
· If the beam indication framework in Rel-17 is used for NCR-MT
· The DL and UL beam are indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
Agreement
The following pre-defined rules are applied to determine the beam for backhaul link:
· [bookmark: _Hlk127190176]In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link regardless whether there is beam indicated by the dedicated signal for backhaul link.
· In the time domain resource without simultaneous downlink reception or uplink transmission in C-link and backhaul link, if the NCR does not support capability with the new signalling for backhaul beam indication or if no beam is indicated for backhaul link by the dedicated signal, 
· [bookmark: _Hlk127175070]When Rel-15/16 beam indication framework is used for C-link, 
· The beam determined by QCL assumption for CORESET with the lowest ID and spatial relationship for PUCCH with lowest PUCCH resource ID in the C-link is applied for the DL and UL of backhaul link, respectively.
· When Rel-17 beam indication framework (i.e., unified TCI framework) is used for C-link, the indicated unified TCI for C-link DL and UL is applied for the DL and UL of backhaul link, respectively.
· Otherwise, the beam indicated by the dedicated signalling is applied for backhaul link.
Agreement
As optional functionalities for the NCR-MT, at least Rel-15 legacy BFD/BFR/RLM mechanisms are supported
· FFS: The behavior of NCR-Fwd when BFR/RLF happen in C link.




According to the agreement in the previous RAN1 meeting, MAC-CE method is agreed to indicate beam(s) for backhaul link beamforming in the case that Rel-15/16 or Rel-17 beam indication framework is used for C-link. Also, detailed predefine rule is agreed to determine the beam in the case that there is no indication via the MAC-CE method. Some remaining issues are discussed as follows.
Explicit beam indication for backhaul link via new signaling
For the part of explicit beam indication, one remaining issue is the RRC-configured list for the agreed MAC-CE to select TCI state ID and/or RS ID. If NCR-MT is configured with Rel-15 beam indication framework, the TCI state ID can be selected from the TCI states configured by tci-StatesToAddModList and/or tci-StatesToReleaseList in the PDSCH-Config of the active DL BWP of the primary cell of NCR-MT; while SRI corresponds to the SRS resources from srs-ResourceToAddModList and/or srs-ResourceToReleaseList in SRS-Config of the active UL BWP of the primary cell of NCR-MT. If NCR-MT is configured with Rel-17 beam indication framework, the TCI state ID can be selected from the TCI states configured by dl-OrJoint-TCI-State-ToAddModList-r17 and/or dl-OrJoint-TCI-State-ToReleaseList-r17 in the PDSCH-Config of the primary cell of NCR-MT.
In terms of the signaling design, for simplicity, a unified MAC-CE design is preferred for both Rel-15/16 beam indication framework and Rel-17 beam indication framework. That is, same MAC-CE (format) can be used for TCI state ID and SRI indication for DL beam and UL beam, respectively; or TCI state ID indication for both DL beam and UL beam. Also, it is preferred that a single MAC-CE can carry both TCI state ID and SRI, which is beneficial for latency.
Proposal 1: For backhaul link beam indication of NCR-Fwd, support the following as the RRC-configured list for MAC-CE selection:
· For Rel-15/16 beam indication framework, the RRC-configured list for TCI state ID is tci-StatesToAddModList and/or tci-StatesToReleaseList in the PDSCH-Config of the active DL BWP of the primary cell of NCR-MT; and SRI corresponds to the SRS resources from srs-ResourceToAddModList and/or srs-ResourceToReleaseList in SRS-Config of the active UL BWP of the primary cell of NCR-MT.
· For Rel-17 beam indication framework, the RRC-configured list for TCI state ID is dl-OrJoint-TCI-State-ToAddModList-r17 and/or dl-OrJoint-TCI-State-ToReleaseList-r17 in the PDSCH-Config of the primary cell of NCR-MT.
Proposal 2: For backhaul link beam indication of NCR-Fwd, support unified MAC-CE design for the following cases:
· C-link is with Rel-15/16 beam indication framework
· C-link is with Rel-17 beam indication framework
Proposal 3: For backhaul link beam indication of NCR-Fwd, a single MAC-CE should be able to carry both TCI state ID and SRI.

Implicit beam determination for backhaul link using predefined rule
A remaining issue is the detail of time domain resource with simultaneous DL reception or UL transmission in C-link and backhaul link. Two aspects should be considered. 
The first aspect is the unit for the time domain resource. In our view, the time domain resource should be in symbol level so that the operation of NCR-MT can have the minimum impact of NCR-Fwd.
The other aspect is the SCS for the time domain resource. As agreed in the last RAN1 meeting, time domain resource with a reference SCS can be indicated with RRC for NCR forwarding (e.g., access link beam indication). The reference SCS may be different from the SCS of NCR-MT for DL reception or UL transmission. Hence, it is necessary to clarify the SCS of time domain resource (e.g., symbol/slot). In our view, the reference SCS indicated for access link should be used as the SCS of the time domain resource.
Proposal 4: In the case that backhaul link beam is determined by predefined rule, clarify the time domain resource with simultaneous DL reception or UL transmission in C-link and backhaul link as follows:
· Time domain resource is in symbol level.
· The SCS of the time domain resource is the indicated reference SCS for access link.

The behavior of NCR-Fwd when BFR happen in C-link
In the last meeting, Rel-15 BFD/BFR (beam failure recovery) mechanism is supported for NCR-MT. A further study point is the behavior of NCR-Fwd when BFR happen in C-link.
BFR procedure usually includes four steps: beam failure detection, candidate beam identification, BFR request, BFR response reception and the corresponding UL/DL adjustment. When NCR-MT perform beam failure detection and identify the event of beam failure, it is very likely that the link between NCR and gNB is poor. A safe way is to stop NCR forwarding to avoid the generation of interference. Therefore, when beam failure occurs, NCR-Fwd may go to OFF state (i.e., not forwarding) until successful reception of BFR response.
Proposal 5: When beam failure occurs in NCR-MT and before successful reception of BFR response, NCR-Fwd goes to OFF state (i.e., not forwarding).
After the candidate beam identification, NCR-MT transmits BFR request and expects for BFR response from gNB. After the reception of BFR response, gNB and NCR-MT have common understanding on identified beam for recovery. Hence, it is beneficial for NCR-Fwd to perform forwarding using the identified beam after the reception of BFR response. If Rel-15/16 beam indication framework is used by NCR-MT, the DL backhaul link beam of NCR-Fwd should be adjusted to qnew and the UL backhaul link beam of NCR-Fwd should be the spatial filter using for the last PRACH. If Rel-17 beam indication framework is used by NCR-MT, both DL and UL backhaul link beam of NCR-Fwd should be adjusted to qnew. 
Also, the ending condition of backhaul link beam adjustment of NCR-Fwd is required as well. In the case that dedicated MAC-CE is used for backhaul link beam indication, the reception of the MAC-CE means that NCR-Fwd will then follow the beam indication carried by the MAC-CE. Hence, the reception of the dedicated MAC-CE is the ending condition. In the case that pre-defined is used for backhaul link beam determination, the ending condition can be the reception of the signalling of beam update of DL/UL channel of NCR-MT. After the reception of the signaling, predefine rule applies for backhaul link beam determination.
Proposal 6: After successful reception of BFR response by the NCR-MT, until reception of dedicated beam update for DL/UL channel of NCR-MT or dedicated MAC-CE for NCR-Fwd backhaul link beam indication, the DL/UL of NCR-Fwd is adjusted to the new beam identified via BFR:
· Rel-15/16 beam indication framework: DL beam is based on qnew and UL beam is based on last PRACH 
· Rel-17 beam indication framework: both UL and DL beam are based on qnew
In the case that backhaul link beam is adjusted due to BFR procedure, the predefine rule that “In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link” should be applied. Hence, we have the following proposal.
Proposal 7: In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link regardless whether there is backhaul link beam adjustment due to BFR procedure.

The behavior of NCR-Fwd when RLF happen in C-link
The UE behavior related to RLF agreed by RAN2 are as follows:
· After RLF is declared by NCR-MT, NCR-MT performs cell selection and trigger RRC re-establishment; 
· If NCR-MT enters RRC_IDLE due to no suitable cell is find, NCR-Fwd is OFF;
· During RRC re-establishment procedure, NCR-Fwd is OFF.
In our view, NCR can work in the case of RLF according to the above agreements. No extra standard effort is needed from RAN1 perspective.

2.1.2 Access link
In terms of the beamforming for access link, the following agreements were achieved.
	Agreement
For each periodic beam indication for access link, one RRC signalling is used with the information defined by the following:
Option-2: 
· A list of X() forwarding resource, each is defined as {Beam index, time resource}
· FFS: The value of 
Each time resource is defined by {Starting slot defined as the slot offset in one period, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.
· The periodicity is configured as part of the RRC signaling for periodic beam indication
· The same periodicity is assumed for all time resource(s) in one periodic beam indication.
· The reference SCS is configured as part of the RRC signaling for periodic beam indication
· The same reference SCS is assumed for all time resource(s) in one periodic beam indication.
Agreement
For each aperiodic beam indication for access link, one DCI is used with the information defined by 
Option-1: 
·  fields are used to indicate the beam information and each field refers to one beam index ; 
· Note: The bitwidth of this field is determined by the number of beams used for access link. 
·  fields to indicate the time resource;
· Note: A list of time resource is pre-defined by RRC signalling. The bitwidth of this field for time resource indication is determined by the length of list. 
· FFS: The value of  
· Down-select between or .
· FFS: How to define the association between time indication and beam indication
Each time resource is defined by {Starting slot defined as the slot offset, starting symbol defined by symbol offset within the slot, duration defined by the number of symbols} with dedicated field.



2.1.2.1 Periodic beam indication for access link
In last RAN1 meeting, RRC based periodic beam indication for access link was agreed. A remaining issue is the maximum number (Xmax) of forwarding resources that can be within one RRC signaling. Xmax is associated with the number of periodic important signals (e.g., SSB or CSI-RS) that forwarded by NCR. In our view, Xmax should be at least 64 for the purpose of forwarding all SSBs (e.g., 64 SSBs).
Proposal 8: For periodic beam indication for access link, the maximum number (Xmax) of forwarding resources that can be within one RRC signaling should be at least 64 (e.g., 256).

2.1.2.2 Semi-persistent beam indication for access link
Semi-persistent beam indication via MAC-CE is discussed in the previous RAN1 meeting but without any agreement. In our view, semi-persistent indication is beneficial for the beam for semi-persistent scheduling (e.g., SPS PDSCH, configured grant PUSCH, periodic PUCCH, semi-persistent CSI reporting on PUCCH or PUSCH, and so on).
Proposal 9: Support semi-persistent beam indication for access link via MAC-CE.
For the design of semi-persistent beam indication, it is preferred that MAC-CE can be used for time resource indication as well as beam indication. RRC can be used to provide a list of time resources and MAC-CE is to select one or more time domain resources from the list. The RRC list for time domain resources in periodic or aperiodic beam indication can be mostly reused. In addition, the MAC-CE can also provide the beam index(es) for the one or more time resources, respectively.
Proposal 10: For semi-persistent beam indication for access link, support the following:
· [bookmark: _Hlk127221828]MAC-CE is used to indicate one or multiple configured time resources and the corresponding beam indexes.
Another aspect is how to stop NCR forwarding on the time domain resource indicated by semi-persistent beam indication for access link. A simple solution is to a MAC-CE with activation/deactivation field. For example, if the field indicates activation, beam indexes and the corresponding time domain resources are provided by the MAC-CE. If the field indicates deactivation, the time domain resources are provided by the MAC-CE to stop forwarding on the corresponding time resources.
Proposal 11: For semi-persistent beam indication for access link, support semi-persistent beam indication for both activation and deactivation of NCR forwarding on the indicated time resources.

[bookmark: _Hlk127209223]2.1.2.3 Aperiodic beam indication for access link
In the last RAN1 meeting, aperiodic beam indication using DCI for access link was agreed. Several remaining issues are discussed as follows.
The first issue is the number of time domain resource field (Tmax). Two options (Tmax = 1 or Tmax = Lmax) are listed for further study. In the case that Tmax = Lmax, UE is provided with an RRC list of time domain resource that consists of one or multiple entries and each entry consists of a single time domain resource. Each of the Lmax time resource field provides indication to select one time resource from the RRC list. In the case that Tmax = 1, an RRC list of time domain resource consists of one or multiple entries and each entry consist of a combination of time domain resources. The single time resource field provides indication to select one time resource combination from the RRC list.
In our view, the option of Tmax = 1 is preferred. Since the number of bits of Tmax = Lmax fields corresponds to exhaustive combination of time resources, while the number of bits of Tmax = 1 field corresponds to a subset of time resource combinations that preferred by gNB. This can save the payload size of DCI. For example, in case NCR forwards 8 PDSCHs, the DCI can be configured 8 access link beam fields. If (Tmax = Lmax) is adopted, and if we assume there are 16 time domain resources in an RRC list, the required bits for the time domain resource field are 4x8=32 bits. If (Tmax = 1) is adopted, and if we assume there are 16 time domain resource combinations in an RRC list, the required bits for the time domain resource field are 4 bits. So, option (Tmax = 1) can save 28bits. Even with 64 or 128 time domain resource combinations in an RRC list, option (Tmax = 1) can have smaller payload size than option (Tmax = Lmax).
Another benefit of the option (Tmax = 1) is that the reference SCS of time domain resource of aperiodic beam indication can be provided without dedicated SCS field. For example, for Tmax = 1, an RRC list of time domain resource consists of multiple entries. Each entry consists of a combination of time domain resources and the corresponding reference SCS for the combination of time domain resources. This means that DCI can indicate a combination of time domain resources with the associated reference SCS at a time.
In addition, if Tmax = 1 is adopted, the time domain resource combination indicated by the DCI is determined by the first N fields within the Lmax fields for beam index indication, where N is the number of time domain resource within the combination. For example, DCI indicates a time resource combination as {Time resource#1, Time resource#4, Time resource#6}. The DCI also includes Lmax = 5 beam index fields indicating {beam#1, beam#0, beam#4, reserved, reserved} and the last two fields are with ‘reserved’ state. The three time domain resources indicated by the DCI take the first three beam indexes, respectively. Hence, the association is, Time resource#1  beam#1, Time resource#4  beam#0, Time resource#6  beam#4.
Proposal 12: For aperiodic beam indication for access link, support the option that the number of time resource field equals to 1 (Tmax = 1).
Proposal 13: For the case that Tmax = 1, an RRC list is configured with one or multiple entries and each entry consists of a combination of time domain resources and the corresponding reference SCS for the combination of time domain resources.
Proposal 14: For the case that Tmax = 1, the beam indexes for a time domain resource combination indicated by a DCI is determined by the first N fields within the Lmax fields of the DCI, where N is the number of time domain resource within the combination.
Another issue is the number of Lmax. Lmax is associated with the payload size of DCI, which is determined based on either pre-define rule or configured by RRC. If Tmax = 1 is adopted, the time domain resource combination. Lmax can be determined by an RRC list for time domain resource combination. In particular, Lmax is determined by the time resource combination with the maximum number of time domain resources within the RRC list. For example, a RRC list consist of 4 combinations: {Time resource#1, Time resource#4, Time resource#6}, {Time resource#2, Time resource#5}, {Time resource#0}, {Time resource#7}. The first combination in the RRC list is with the maximum number of time domain resource combinations (3 combinations). Hence, Lmax equals to 3.
Proposal 15: For aperiodic beam indication for access link, Lmax is determined by the time resource combination with the maximum number of time domain resources within the RRC list.
For the identification of the starting time of the aperiodic time domain resource, a dedicated field was agreed for the indication of slot offset. However, the reference of slot offset is still unclear. For example, the starting slot of the time domain resource can be identified by slot offset with respect to the slot with the triggering DCI or the first slot after beam application time.
Proposal 16: For aperiodic beam indication for access link, clarify that the reference of slot offset is with respect to the slot for DCI or the slot after beam application time.
After the reception of aperiodic beam indication, processing time is needed for NCR to apply the corresponding beam indication. Hence, for aperiodic beam indication for access link, beam indication is expected to be applied after the beam application time (e.g., BeamAppTime, timeDurationForQCL). One option is that slot offset for aperiodic beam indication is always expected to be larger than the beam application time. Another option is that, slot offset is separately applied after the beam application time.
Proposal 17: For aperiodic beam indication for access link, beam indication is expected to be applied after the beam application time (e.g., BeamAppTime, timeDurationForQCL). Clarify whether the slot offset includes or is separate from the beam application time.

2.1.2.4 Prioritization between different indications
In terms of the interaction between different types of beam indication, it is preferred that there is no overriding between any semi-static and/or semi-persistent beam indication. Apart from that, for signaling flexibility, it is preferred to support dynamic beam indication to override semi-static and/or semi-persistent beam indication as baseline. Also, a further study point is the necessity of exception rule for the overriding. For example, some semi-static and/or semi-persistent time domain resources can be indicated with ‘high priority’ (e.g., the time domain resource for SSB, PRACH occasions) so that they can be exempt from the overriding by dynamic signaling.
Proposal 18: For access link beam indication, support dynamic beam indication to override semi-static and/or semi-persistent beam indication as baseline.
· Support exception rule for the overriding. E.g., semi-static and/or semi-persistent time domain resource can be indicated with ‘high priority’ to be exempt from overriding.
Another issue is for the case of conflicting aperiodic beam indications. In the current spec, DL pre-emption indication (via DCI format 2_1) and UL cancellation indication (via DCI format 2_4) are supported, for example, to handle collision of UE#1 with URLLC traffic with UE#2 with eMBB traffic that need to receive PDSCH or transmit PUSCH in overlapping time/frequency resources. The gNB can send DCI format 2_1 or 2_4 to stop the operation for UE#2 and accommodate UE#1. When both UE#1 and UE#2 are communicating with the gNB via the NCR, the gNB needs to inform the NCR about the updated situation: 
· When the NCR serves UE#1 and UE#2 using two different access beams, the gNB needs to send a new aperiodic beam indication (corresponding to beam for UE#1) to the NCR to override the previous aperiodic beam indication (corresponding to beam for UE#2);
· When the time domain resources corresponding to UE#1 and UE#2 are not fully aligned (e.g., fewer symbols for URLLC traffic of UE#1 compared to the number of symbols for eMBB traffic of UE#2), the gNB needs to send a dynamic OFF indication to the NCR to override the previous aperiodic beam indication (corresponding to beam for UE#2), and stop the NCR-Fwd from forwarding on the non-overlapping part of the two time-domain resources. 
Proposal 19: At least to accommodate the NCR operation for DL pre-emption and UL cancellation for served UEs:
· Support for an aperiodic beam indication for NCR-Fwd to override a previous aperiodic beam indication in overlapping time-domain resources;
· Support dynamic OFF indication to override a previous aperiodic beam indication in overlapping time-domain resources;
· Dynamic OFF indication can re-use the agreed structure for aperiodic beam indication, by setting a special beam index (such as ‘-1’) as the OFF state.

2.1.2.5 Frequency selective beam indication
Another issue on access link beam indication is about frequency domain resources in which the NCR-Fwd access link beam corresponds to. A passband for an NCR-Fwd can be quite large, especially for FR2 operation, so that 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 by the NCR. It is likely that in any given time domain resource, different UEs within different frequency domain resources correspond to different beam direction. In order to maximize the coverage towards these UEs, it is beneficial to support RB-specific or RB-group-specific beam indication for NCR-Fwd operation.
Proposal 20: Support RB-group-specific beam indication, i.e., indication of the form {beam index(es), time domain resource, frequency domain resource}.

2.4 Others
[bookmark: _Hlk111079451]Another issue is about the impact of NCR on the signaling that NCR to the gNB provides, 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 21: Support NCR-initiated or NCR-assisted signaling, 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.

The handling of UL operation between C-link and backhaul link
It is agreed in previous RAN1 meeting that whether NCR can support simultaneous UL transmission of C-link and backhaul link is subject to NCR capability. If an NCR does support this capability, the NCR behavior should be clarified when NCR-MT and NCR-Fwd would perform UL transmission on the same time domain resource. In our view, the UL transmission of NCR-MT is usually with important signals/channels (e.g., PUCCH with HARQ-ACK information, PRACH transmission). It is preferable that NCR-MT (rather than NCR-Fwd) should perform UL transmission on the time domain resource. In the meantime, NCR-Fwd does not perform UL transmission on the time domain resource.
Proposal 22: If an NCR does not support simultaneous UL transmission of C-link and backhaul link, support the following NCR behavior when NCR-MT and NCR-Fwd of the NCR would perform UL transmission on the same time domain resource:
· The NCR-MT perform UL transmission on the time domain resource;
· The NCR-Fwd does not perform UL transmission on the time domain resource.
If an NCR does support simultaneous UL transmission of C-link and backhaul link, another issue is whether a time gap for NCR to switch between the UL transmission of NCR-MT and the UL transmission of NCR-Fwd. In our view, for efficient operation of NCR, this time gap should be considered and should be specified if it is at least at symbol level.
Proposal 23: Support to specify the time gap between the UL operation of NCR-MT and NCR-Fwd.

Internal delay of NCR
In previous RAN1 meeting, the following agreement in terms of timing information is achieved.
	Agreement
For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay. 
Agreement
Update the agreement achieved in RAN1#109e as follows:
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be is unnecessary.
· FFS: the impact of internal delay




According to the agreement, the only issue left is internal delay. In our view, it is beneficial for gNB to acquire the information on DL/UL internal delay of NCR. By knowing the value of DL/UL internal delay, gNB can identify whether a UE is under the service of NCR more accurately. 
In terms of internal delay, a straight forward option for gNB to get internal delay of NCR is from NCR capability report. Also, same DL internal delay and UL internal delay can be assumed.
Proposal 24: Support the following in terms of the internal delay for NCR:
· Internal delay is according to capability report.
· DL internal delay and UL internal delay is the same.
3 Conclusion
The observations and proposals made in this contribution are summarized below.
Proposal 1: For backhaul link beam indication of NCR-Fwd, support the following as the RRC-configured list for MAC-CE selection:
· For Rel-15/16 beam indication framework, the RRC-configured list for TCI state ID is tci-StatesToAddModList and/or tci-StatesToReleaseList in the PDSCH-Config of the active DL BWP of the primary cell of NCR-MT; and SRI corresponds to the SRS resources from srs-ResourceToAddModList and/or srs-ResourceToReleaseList in SRS-Config of the active UL BWP of the primary cell of NCR-MT.
· For Rel-17 beam indication framework, the RRC-configured list for TCI state ID is dl-OrJoint-TCI-State-ToAddModList-r17 and/or dl-OrJoint-TCI-State-ToReleaseList-r17 in the PDSCH-Config of the primary cell of NCR-MT.
Proposal 2: For backhaul link beam indication of NCR-Fwd, support unified MAC-CE design for the following cases:
· C-link is with Rel-15/16 beam indication framework
· C-link is with Rel-17 beam indication framework
Proposal 3: For backhaul link beam indication of NCR-Fwd, a single MAC-CE should be able to carry both TCI state ID and SRI.
Proposal 4: In the case that backhaul link beam is determined by predefined rule, clarify the time domain resource with simultaneous DL reception or UL transmission in C-link and backhaul link as follows:
· Time domain resource is in symbol level.
· The SCS of the time domain resource is the indicated reference SCS for access link.
Proposal 5: When beam failure occurs in NCR-MT and before successful reception of BFR response, NCR-Fwd goes to OFF state (i.e., not forwarding).
Proposal 6: After successful reception of BFR response by the NCR-MT, until reception of dedicated beam update for DL/UL channel of NCR-MT or dedicated MAC-CE for NCR-Fwd backhaul link beam indication, the DL/UL of NCR-Fwd is adjusted to the new beam identified via BFR:
· Rel-15/16 beam indication framework: DL beam is based on qnew and UL beam is based on last PRACH 
· Rel-17 beam indication framework: both UL and DL beam are based on qnew
Proposal 7: In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link regardless whether there is backhaul link beam adjustment due to BFR procedure.
Proposal 8: For periodic beam indication for access link, the maximum number (Xmax) of forwarding resources that can be within one RRC signaling should be at least 64 (e.g., 256).
Proposal 9: Support semi-persistent beam indication for access link via MAC-CE.
Proposal 10: For semi-persistent beam indication for access link, support the following:
· MAC-CE is used to indicate one or multiple configured time resources and the corresponding beam indexes.
Proposal 11: For semi-persistent beam indication for access link, support semi-persistent beam indication for both activation and deactivation of NCR forwarding on the indicated time resources.
Proposal 12: For aperiodic beam indication for access link, support the option that the number of time resource field equals to 1 (Tmax = 1).
Proposal 13: For the case that Tmax = 1, an RRC list is configured with one or multiple entries and each entry consists of a combination of time domain resources and the corresponding reference SCS for the combination of time domain resources.
Proposal 14: For the case that Tmax = 1, the beam indexes for a time domain resource combination indicated by a DCI is determined by the first N fields within the Lmax fields of the DCI, where N is the number of time domain resource within the combination.
Proposal 15: For aperiodic beam indication for access link, Lmax is determined by the time resource combination with the maximum number of time domain resources within the RRC list.
Proposal 16: For aperiodic beam indication for access link, clarify that the reference of slot offset is with respect to the slot for DCI or the slot after beam application time.
Proposal 17: For aperiodic beam indication for access link, beam indication is expected to be applied after the beam application time (e.g., BeamAppTime, timeDurationForQCL). Clarify whether the slot offset includes or is separate from the beam application time.
Proposal 18: For access link beam indication, support dynamic beam indication to override semi-static and/or semi-persistent beam indication as baseline.
· Support exception rule for the overriding. E.g., semi-static and/or semi-persistent time domain resource can be indicated with ‘high priority’ to be exempt from overriding.
Proposal 19: At least to accommodate the NCR operation for DL pre-emption and UL cancellation for served UEs:
· Support for an aperiodic beam indication for NCR-Fwd to override a previous aperiodic beam indication in overlapping time-domain resources;
· Support dynamic OFF indication to override a previous aperiodic beam indication in overlapping time-domain resources;
· Dynamic OFF indication can re-use the agreed structure for aperiodic beam indication, by setting a special beam index (such as ‘-1’) as the OFF state.
Proposal 20: Support RB-group-specific beam indication, i.e., indication of the form {beam index(es), time domain resource, frequency domain resource}.
Proposal 21: Support NCR-initiated or NCR-assisted signaling, 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 22: If an NCR does not support simultaneous UL transmission of C-link and backhaul link, support the following NCR behavior when NCR-MT and NCR-Fwd of the NCR would perform UL transmission on the same time domain resource:
· The NCR-MT perform UL transmission on the time domain resource;
· The NCR-Fwd does not perform UL transmission on the time domain resource.
Proposal 23: Support to specify the time gap between the UL operation of NCR-MT and NCR-Fwd.
Proposal 24: Support the following in terms of the internal delay for NCR:
· Internal delay is according to capability report.
· DL internal delay and UL internal delay is the same.
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