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Introduction
[bookmark: _Hlk58595024]In RAN#98e, WID for NR network-controlled repeaters has been revised with following objectives [1]:
The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:
Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
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
Specify the solution of network-controlled repeater management (i.e., the identification and authorization/validation of NCR) [RAN3, RAN2]
· NOTE: Down-selection of solutions in section 8 of TR 38.867 is needed taking into account the feedback of other working groups (i.e., SA3 and SA5). From a security point of view, the feasibility of NCR validation procedure in solution 1 and the feasibility of solution 2 will be decided by SA3.The selected solution shall provide inter-vendor interoperability.
Study the RRM functions to be supported and specify the RRM requirements of NCR-MT if necessary [RAN2, RAN4]
Study and specify the RF and EMC requirements of NCR if necessary [RAN4]
Note: The existing requirements defined in RAN4 can be reused if applicable.
Note: The work in RAN4 for beam related is expected to start on FR2 first.

In this contribution we discuss details on side control information including:
· Remaining details on beam information for backhaul link
· Remaining details on beam information for access link
· Remaining details on ON-OFF information for NCR-Fwd
Discussion
Beam information for control/backhaul links
In RAN1#111, following agreements related to the beam information for control/backhaul links have been made [2]:

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:
· 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, 
· 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.

For the case when there is no simultaneous downlink reception or uplink transmission in C-link and backhaul link, and a dedicated signaling for backhaul link is supported, then, in our view, only one additional beam can be configured and indicated to the NCR. We don’t see the need to configure and monitor many beams for the backhaul link. This is not really needed considered the relatively fixed channel conditions and not to increase the complexity at the NCR. 

Proposal 1: For beam information at the NCR, for the backhaul link, in case of dedicated signaling, only one adaptive beam can be activated/indicated 

Furthermore, for the new signaling related to adaptive beam indication, based on activation of only single adaptive beam (in addition to fixed beam) for backhaul link, one bit field can be included in the DCI to switch from fixed to adaptive beam or vice-versa. 

Proposal 2: For beam information at the NCR, for the backhaul link, adaptive beam can be signaled by single bitfield in the DCI to trigger the switch from fixed beam to adaptive beam or the other way round.

Another related aspect for adaptive beam indication is when to apply the adaptive beam i.e., the application time and the duration for which it is applied. In our view, this can be based on the application time of the access link beam because the backhaul link will always be used in tandem with the access link. If there is no forwarding on access link, then no forwarding is needed on backhaul link and therefore, no beam needs to be applied. On the duration of the adaptive beam for backhaul link, two options can be considered. In one option, the duration of the backhaul link beam is also same as the duration of the indicated access link beam(s). In this case, if multiple access link beams are indicated, then the duration is the total of all the access link beams. In other option, no fixed duration is considered and the indicated adaptive beam for backhaul link is applied indefinitely, unless a new indicated switches to another beam.

Proposal 3: For beam information at the NCR, for adaptive beam indication for backhaul link, the application time of the adaptive beam for backhaul link is same as the application time of the beam indicated for access link
· No explicit information on application time for backhaul link is needed because forwarding on backhaul link is done in tandem with forwarding on access link

Proposal 4: For beam information at the NCR, for adaptive beam indication for backhaul link, at least one of the two options should be supported to determine how long the adaptive beam is applied at the backhaul link:
· Option 1: duration for the indicated adaptive beam for backhaul link is same as the duration of corresponding beams for the access link (to align with the start time and duration of forwarding)
· Option 2: duration for the indicated adaptive beam for backhaul link is indefinite (unless a new indication triggers a different beam)

Beam information for access link

In RAN1#111, following agreements related to the beam information for access link have been made [2]:

Agreement
The following is supported to deliver the information to characterize the supported physical beam of NCR-Fwd for access link: 
	Option-2: The information is informed to gNB and NCR via OAM
· Note-1: In this option, how to characterize the beam information is based on implementation (e.g., declaration from NCR vendor).
· Note-2: In this option, the beam(s) used by NCR-Fwd for access link is configured for gNB and NCR by OAM based on implementation. 
· The beam index in SCI corresponds to the configured beam(s) sequentially. 

Agreement
For each periodic beam indication for access link, one RRC signalling is used including the information defined by the following:
· A list of X () forwarding resource, each is defined as {Beam index, time resource}
· FFS: The value of , other details
	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.

One remaining important aspect related to access link beam information is associated time domain resources and associated with the indicated beam indices for aperiodic beam indication. Based on the agreement in RAN1#111, two options are possible. According to one option only one field for time resource is indicated and the other option is that multiple fields for time resource are indicated (same as the number of fields for beam index). In our view, first option should be adopted to avoid very large overhead associated with time resource indication. In our view, TDRA like signaling can should use for this purpose, where the slot offset and starting symbol will essentially provide the application time of the beam and the length will provide the duration for the beams. For association with multiple beam index, two options can be considered:
· Option 1: Single time resource can indicate multiple SLIVs
· Option 2: Single time resource indicate single slot offset, single starting symbol, but multiple durations

Proposal 5: For beam information to the NCR for access link, support TDRA like signaling (SLIV) to indicate the time domain resources and application time for access link beam. Two options can be considered and at least one can be agreed to exactly determine the tome resource for multiple beam index with one-to-one mapping
· Option 1: Single time resource can indicate multiple SLIVs
· Option 2: Single time resource indicate single slot offset, single starting symbol, but multiple durations

ON-OFF information
In RAN1#111, following agreements related to the ON/OFF information have been made [2]:



Agreement
For FR2, the “ON” state of NCR-Fwd is indicated:
· Alt-2: Implicit indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))

Agreement
For FR1, the “ON” state of NCR-Fwd is indicated:
	Alt-2: Indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
· When there is only one beam, the sole purpose of the beam indication is for indicating “ON” state of NCR-Fwd

For FR1, as it is agreed that beam indication can be used to signal ON-OFF information state for NCR-Fwd, therefore, one further possibility to be considered is to assign a default beam index, especially for this purpose to avoid any ambiguity between the NCR and gNB. Basically, the gNB can use the beam indication with default index, but without the need to signal a specific beam and just inform the associated time resources for which NCR-Fwd can be ON. Also, this default index could be associated with omni-directional transmission/reception for FR1.

Proposal 6: For FR1, define a default beam index to inform NCR that access link beam information is indicated only for purpose of ON information on associated time resources, but not to necessarily update the access link beam  
Conclusion
In this contribution, we have discussed our views on the remaining details for side control details for NCR and provided following proposals:
Proposal 1: For beam information at the NCR, for the backhaul link, in case of dedicated signaling, only one adaptive beam can be activated/indicated 

Proposal 2: For beam information at the NCR, for the backhaul link, adaptive beam can be signaled by single bitfield in the DCI to trigger the switch from fixed beam to adaptive beam or the other way round.

Proposal 3: For beam information at the NCR, for adaptive beam indication for backhaul link, the application time of the adaptive beam for backhaul link is same as the application time of the beam indicated for access link
· No explicit information on application time for backhaul link is needed because forwarding on backhaul link is done in tandem with forwarding on access link

Proposal 4: For beam information at the NCR, for adaptive beam indication for backhaul link, at least one of the two options should be supported to determine how long the adaptive beam is applied at the backhaul link:
· Option 1: duration for the indicated adaptive beam for backhaul link is same as the duration of corresponding beams for the access link (to align with the start time and duration of forwarding)
· Option 2: duration for the indicated adaptive beam for backhaul link is indefinite (unless a new indication triggers a different beam)
· 
Proposal 5: For beam information to the NCR for access link, support TDRA like signaling (SLIV) to indicate the time domain resources and application time for access link beam. Two options can be considered and at least one can be agreed to exactly determine the tome resource for multiple beam index with one-to-one mapping
· Option 1: Single time resource can indicate multiple SLIVs
· Option 2: Single time resource indicate single slot offset, single starting symbol, but multiple durations

Proposal 6: For FR1, define a default beam index to inform NCR that access link beam information is indicated only for purpose of ON information on associated time resources, but not to necessarily update the access link beam  
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