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Introduction
[bookmark: _Hlk58595024]In RAN1#110, the study item on NR network-controlled repeaters concluded and recommendations were captured in the TR 38.867 [1]. Based on the outcome, a new work item has been approved in RAN#97-e with following objectives [2]:
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 should support the following features:

Specify the signalling and behavior of the following side control information for controlling the NCR-Fwd [RAN1, RAN2]
· Beamforming
· UL-DL TDD operation
· ON-OFF information
Note: Power control aspect will be checked in RAN#98e.

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

In this contribution we discuss details on side control information including:
· beam information for access link
· beam information for control/backhaul link
· UL-DL TDD information related to flexible symbols behavior at NCR-Fwd
· ON-OFF information for NCR-Fwd
· In addition, we also provide our views in power control as side control information
Discussion

Beam information for control/backhaul links

In RAN1#110bis-e, following agreements related to the beam information for control/backhaul links have been made [3]:

Agreement
The following aspects should be NCR capability:
· Simultaneous UL transmission of C-link and backhaul link
· Adaptive beam for C-link/backhaul-link
· Note-1: Fixed beam for C-link/backhaul link is default capability
· Note-2: TDMed UL transmission of C-link and backhaul link is default capability.
· FFS: How to define the capability for adaptive beam for C-link/backhaul-link

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

Based on the above agreements, fixed beam for control/backhaul link is a default capability. Furthermore, it needs to be clarified how fixed beam is determined. For fixed beam determination, two options can be considered. In one option, the fixed beam can be determined based on implementation and hard-coded (for example during deployment phase). In other option, beam determination can be based on beam management procedure, as for UE. During the initial access procedure, beam acquisition is done based on SSBs and further beam refinement can be done based on CSI-RS. Once the fixed beam is determined for the control/backhaul link, then no further monitoring and/or update of beam should be performed at the NCR, for example, procedures such as beam failure detection and beam failure recovery can be avoided. 

Proposal 1: For fixed beam at the NCR, for control/backhaul links, two options can be considered:
· Option 1: Fixed beam is hard coded for both backhaul and control links
· Implementation-based option and no specification support expected for beam determination/configuration/indication at the NCR
· Option 2: Fixed beam determination based on SSB and/or CSI-RS

Another key aspect is the support of adaptive beam(s) for the backhaul link. In our view, any support for adaptive beam indication for the backhaul/control link should be limited. Basically, in addition to fixed beam, one additional beam can be configured and indicated to the NCR when the beam quality drops for the fixed beam. We don’t see the need to configure and monitor many beams for the control and backhaul link. This is not really needed considered the relatively fixed channel conditions and not to increase the complexity at the NCR. 

Proposal 2: For beam information at the NCR, for the backhaul link, adaptive beam indication should be considered with limited support:
· In addition to the fixed beam, only one additional/adaptive beam for control and backhaul links can be activated from the configured set of beams for control link
In addition, it needs to be agreed on how the adaptive beam for backhaul links is determined. Based on the agreement, essentially two options need to be supported. One option is to have an explicit signaling for the backhaul beam and other option is to pre-define rules to derive backhaul link beam from a set of control link beams when there is no explicit indication. 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 3: 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 4: 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 5: 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#110bis-e, following agreements related to the beam information for access link have been made [3]:

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) 

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)

To serve UEs via NCR, it is important that the beam information for the access link is supported, as recommended in the SI phase. Based on the discussions, both semi-static and dynamic beam indication should be considered for the access link. For UEs in NR, there are multiple aspects related to beam-management procedure including beam acquisition based on downlink signals such as SSB, beam refinement based on downlink RS such as CSI-RS and beam quality monitoring based on downlink channels/signals. For NCR to communicate with UEs via access link in a transparent manner, all these aspects should be supported at NCR-Fwd for the access link.   

Proposal 6: For beam information at the NCR for access link beams, support both semi-static and dynamic indication

Proposal 7: For the NCR to serve UE(s) via the access link in a transparent manner, network should provide the NCR with beam information to support all the aspects of beam management including beam acquisition, beam refinement and beam monitoring, as typically supported by UEs

For supporting beam acquisition (for example, during the initial access and RACH procedure) and SSB-based beam measurements, it is essential that the NCR can be configured to forward SSB beams to UE(s) for extending the network coverage. From NCR perspective, it is not necessary to know whether it is forwarding SSB or some other DL channels/signals, but it should at least be configured with a beam to forward an SSB, the starting time to apply the indicated beam and duration for which the NCR is required to forward on the indicated beam. Considering that SSB beams are periodically configured to the UEs, therefore, the beam information corresponding to SSB forwarding can also be configured in a periodic manner to the NCR. For beam indication, beam index is recommended for the access link beam. This is illustrated in Figure 1. In Figure 1, it is shown that beam indices are assigned to SSB beams that are forwarded from NCR. Basically, corresponding to the 3 SSB beams, NCR is configured by network with beam ID 1, beam ID 2, beam ID 3, respectively. However, the actual physical beams/spatial direction corresponding to beam ID 1, beam ID 2 and beam ID 3, respectively, is up to the NCR implementation. 

[image: ]

Figure 1: Illustration of beam index for access link beam indication


To support the framework of beam index for access link beams, different aspects need to be considered. First aspect to be considered for beam-management at the NCR for forwarding or receiving via access link is the network control on physical directivity of the beams. Based on the above description, only logical IDs are configured and indicated to UE, but the physical beam direction is completely up to the NCR implementation. This may not be optimal from coverage point of view especially during the initial access procedure because NCR, unlike gNB, will have no information or statistics about regions where UE concentration might be high and SSB beams should be beam swept in those regions. From this point of view, it could be beneficial if network can provide some information to NCR in terms of area/region where the NCR can direct its beams. Network doesn’t necessarily need to control the exact directivity of the individual beams but configuring/indicating a wide region could be useful. Within the configured/indicated region, NCR can then direct its beam based on implementation. 

Proposal 8: For beam information at the NCR for access link, RAN1 should support additional information such as intended coverage region for supporting beam configuration/indication at the NCR access link, for example, NCR can be configured with SSB beam sweeping within an intended coverage region
· Directivity of individual beams would still be up to NCR implementation

To indicate/configure the coverage region’s spatial direction, gNB can use the backhaul/control link beam as the reference coverage region. Since the gNB and NCR are fixed nodes, the backhaul/control link beams are expected to be within the same wide coverage region. Once that coverage region is determined, then gNB can configure and indicate coverage region for the access link beams relative to that. An illustration is shown in Figure 2. In the figure, reference coverage region is assigned to the region in which control/backhaul link beam is directed, indicated by blue beam. Relative to reference coverage region (assigned index 0), the other coverage regions are configured. gNB can then indicate one or more of these coverage regions within which access link beams can be indicated. 

[image: ]
Figure 2: Illustration of reference coverage region (with backhaul/control link beam) and relative coverage regions (for access link beams)


Proposal 9: For beam information at the NCR for access link, coverage region for access link beams can be configured/indicated to NCR relative to reference coverage region
· Reference coverage region can be assigned to the region within which backhaul/control link beams are directed

In RAN1#110bis-e, it is also for further consideration if and how different beam type are configured/indicated. In our view, two beam types can be supported including wide beam type and narrow beam type. To determine the two beam types, beamwidth range could be specified. Furthermore, another related aspect is how the beam index are assigned to the two beam types. In our view, separate set of beam indices can be assigned to wide beam type and narrow beam type, respectively. This would provide clear distinction between the two beam types. Furthermore, also, the spatial relationship between the two beam types should at least be defined. Typical thinking behind defining the two beam types is that once the wide beam(s) are spatially determined at the NCR, then multiple narrow beams can be spatially contained within each of the wide beam. From this point of view, a QCL type-D like association between wide beam index as source and narrow beam index as target should be supported.

Proposal 10: For beam information at the NCR for access link, support both wide beam type and narrow beam type

Proposal 11: For beam information at the NCR for access link, support separate set of beam indices for wide beam type and narrow beam type

Proposal 12: For beam information at the NCR for access link, QCL type-D assumption could be signaled between the wide beam index and narrow beam index

Other important aspect related to access link beam information is associated time domain resources and application time indication. Based on the agreement in RAN1#110bis-e, it is agreed that for time-domain resources, at least the starting location and duration is needed for dynamic beam indication. For semi-static beam configuration, additionally, periodicity needs to be configured. 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. Furthermore, if multiple beams are indicated, then multiple SLIVs can be indicated by the TDRA row index. 

Proposal 13: 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
· Slot offset and starting symbol are used to determine the application time of the beam
· Length is used to determine the duration of the beam
· For multiple beam indications, multiple SLIVs can be indicate by the index of TDRA table

UL/DL TDD information
In RAN1#110bis-e, following agreements related to the UL/DL TDD information have been made [3]:

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.

Based on the above agreement, behavior over the flexible symbols need to be discussed if and how dynamic DL/UL operation is supported. Related to dynamic behavior, two options have been considered during the SI phase. For one option, dynamic behavior based on SFI indication to NCR-MT is considered, for example, NCR-MT receive DCI format 2_0 with dynamic SFI to a group of UEs that indicates DL or UL direction on flexible symbols (like the legacy behavior between gNB and UEs). However, one issue regarding this option is that UE may not be configured to monitor DCI format 2_0 and in this case, they may rely on other signaling such as scheduling DCI to determine whether flexible symbol is used for DL or UL. Therefore, with this option, still there will be an issue for UEs that are not configured to monitor and receive dynamic SFI. Basically, SFI may indicate NCR that flexible symbol is DL, however, for UE (without SFI), UL grant DCI may indicate to UE that flexible symbol is UL. 

Another option is considered where a dynamic signaling (different than SFI) can be used to indicate NCR-Fwd whether the flexible symbol is used for UL or DL. This would allow for full flexibility in terms of scheduling on flexible symbols and provide same configuration for NCR-Fwd as for UEs served by NCR. Furthermore, we think that the behavior for flexibly symbols may only need to be indicated whenever corresponding forwarding is indicated on the time-domain resources. Therefore, for dynamic indication of flexible symbols behavior, we think that it is reasonable jointly indicate the information along with the TDRA indicated for access link beams. Basically, TDRA framework could be enhanced where the flexible symbols behavior on the indicated resources is also indicated by the index of the TDRA table. Alternatively, or even additionally, implicit indication for flexible symbol behavior can be used for the indicated time-domain resources. For example, if access link beam is indicated and corresponding TDRA is indicated, and if the other symbols in the indicated resources are DL, then the flexible symbols could be implied as DL. 

Proposal 14: For semi-statically configured flexible symbols, dynamic indication of the flexible symbols is supported and should be jointly indicated with the time-domain resources for the access link beams
· TDRA table could be used to also indicate behavior explicitly on flexible symbols
· Implicit indication can also be considered based on the direction of other symbols in the indicated time-domain resources for access link beam
· Behavior of flexible symbols on resources that are not configured with access link beams is not needed be indicated
ON-OFF information
In RAN1#110bis-e, following agreements related to the ON/OFF information have been made [3]:

Conclusion
An NCR is not expected to perform forwarding in “OFF” state.

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)


Explicit ON-OFF 

In both LTE and NR, a DRX mode has been specified to reduce UE battery power consumption. The basic principle of C-DRX is that when there is no DL/UL transmission scheduled during in a certain time duration of inactivity timer, UE enters a DRX mode, and wakes up only periodically to monitor PDCCH. In Rel-16, the C-DRX operation was further enhanced to allow UE skipping the entire DRX cycle(s) based on the detected WUS.  
In order not to interfere with other nodes more than necessarily and reduce power, NCR should preferably not transmit more than needed for the terminals that it serves. One way of achieving this would be to extend DRX operation for NCR. In addition, similar as Rel-16 PDCCH-based power adaptation, a WUS signal can be used to dynamically ON-OFF NCR DRX cycle based on traffic demand. As depicted in Figure 4, a WUS can be configured to monitor within a window, which indicates whether the corresponding DRX cycle can be powered off such that the power consumption in time domain can be reduced for NCR.  
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Figure 3: Illustration explicit ON-OFF configuration: DRX extension for NCR


Proposal 15: For explicit configuration of ON-OFF pattern for NCR, semi-static DRX-like operation should be supported for NCR
· In addition, WUS signal can be configured for dynamic ON-OFF of NCR DRX cycle


Implicit ON-OFF 

With implicit ON-OFF indication, if beam information for access link is supported and whenever NCR-Fwd is not configured with any Tx and Rx beams on certain symbols/slots, then it can be assumed that no transmission or reception is expected on those symbols/slots. Therefore, from power saving perspective, NCR can be turned OFF for those symbols/slots and can be turned ON only for those symbols/slots where beam is configured/indicated. 

Proposal 16: For implicit configuration of ON-OFF pattern for NCR, at least for the case when the beam information for access link is supported, then the access link beam information should be used to determine the symbols and/or slots during which the NCR can be turned ON or OFF

Furthermore, with implicit ON-OFF method, one potential issue could be that although NCR-Fwd might be semi-statically configured with Rx beams to receive from UEs, but they may not actually receive anything on those configured Rx beams for continuous periods. One example could be configuration of PRACH occasions and corresponding Rx beams for reception at the NCR-Fwd from one or more UE(s). gNB may configure NCR to transmit SSBs and receive corresponding PRACH, however, it could be possible that the beams of the NCR are not really serving any UEs and therefore no PRACH will be received on the configured Rx beams. In this case, it may not be optimal to keep the NCR-Fwd receiver ON regardless of no reception on PRACH occasions. For such case, further autonomous turning OFF NCR-Fwd can be considered. For example, if there has been no reception on any of the Rx beams on the configured PRACH resources for multiple periods continuously, then NCR could autonomously turn OFF.

Proposal 17: With implicit ON-OFF for NCR, after a continuous no reception on the configured Rx beams (for example, no PRACH reception on configured Rx beams for multiple periods), it could be considered that at least NCR-Fwd receiver at access link can turn itself OFF (assuming same understanding at the gNB)
 
Power control information
In our view, power control at NCR-Fwd is beneficial for both downlink and uplink. If power control is not applied and a fixed amplifying gain is considered at the NCR, then this may degrade UL performance for UEs at the cell edge. For downlink, a fixed amplifying gain reduces the NCR coverage or signal distortion that saturates NCR-Fwd access link. From this point of view, we are open to consider power control as a beneficial side control information. However, with limited time, we are also fine to consider power control information as a second priority. 

Proposal 18: Power control as side control information can be considered with low priority and could be discussed/specified at a later stage, depending on the progress of other essential side control information

If power control is agreed to be supported for NCR operation, then it needs to be further discussed if power control is applied only for DL or UL or both. As discussed above, we think that it is beneficial to apply power control for both UL and DL. From this point of view, set of power control parameters such as output power values or amplifying gains may need to be configured/indicated to NCR to apply for both UL and DL power control at NCR.  Two options can be considered for indicating such information. One option could be to configure a common set of power control parameters to NCR to apply for both UL and DL. Other option could be configuring a separate set of power control parameters for UL and DL, respectively. 

Proposal 19: For NCR operation, if it is agreed to be support power control information for both uplink and downlink at the NCR, then following two options can be considered for configuration of power control parameters:
· Option 1: Common set of power control parameters such as output power values or amplifying gains for both UL and DL
· Option 2: Separate set of power control parameters for UL and DL, respectively
Conclusion
In this contribution, we have discussed our views on side control information details for NCR and provided following proposals:
Proposal 1: For fixed beam at the NCR, for control/backhaul links, two options can be considered:
· Option 1: Fixed beam is hard coded for both backhaul and control links
· Implementation-based option and no specification support expected for beam determination/configuration/indication at the NCR
· Option 2: Fixed beam determination based on SSB and/or CSI-RS

Proposal 2: For beam information at the NCR, for the backhaul link, adaptive beam indication should be considered with limited support:
· In addition to the fixed beam, only one additional/adaptive beam for control and backhaul links can be activated from the configured set of beams for control link

Proposal 3: 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 4: 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 5: 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 6: For beam information at the NCR for access link beams, support both semi-static and dynamic indication

Proposal 7: For the NCR to serve UE(s) via the access link in a transparent manner, network should provide the NCR with beam information to support all the aspects of beam management including beam acquisition, beam refinement and beam monitoring, as typically supported by UEs

Proposal 8: For beam information at the NCR for access link, RAN1 should support additional information such as intended coverage region for supporting beam configuration/indication at the NCR access link, for example, NCR can be configured with SSB beam sweeping within an intended coverage region
· Directivity of individual beams would still be up to NCR implementation

Proposal 9: For beam information at the NCR for access link, coverage region for access link beams can be configured/indicated to NCR relative to reference coverage region
· Reference coverage region can be assigned to the region within which backhaul/control link beams are directed

Proposal 10: For beam information at the NCR for access link, support both wide beam type and narrow beam type

Proposal 11: For beam information at the NCR for access link, support separate set of beam indices for wide beam type and narrow beam type

Proposal 12: For beam information at the NCR for access link, QCL type-D assumption could be signaled between the wide beam index and narrow beam index

Proposal 13: 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
· Slot offset and starting symbol are used to determine the application time of the beam
· Length is used to determine the duration of the beam
· For multiple beam indications, multiple SLIVs can be indicate by the index of TDRA table

Proposal 14: For semi-statically configured flexible symbols, dynamic indication of the flexible symbols is supported and should be jointly indicated with the time-domain resources for the access link beams
· TDRA table could be used to also indicate behavior explicitly on flexible symbols
· Implicit indication can also be considered based on the direction of other symbols in the indicated time-domain resources for access link beam
· Behavior of flexible symbols on resources that are not configured with access link beams is not needed be indicated

Proposal 15: For explicit configuration of ON-OFF pattern for NCR, semi-static DRX-like operation should be supported for NCR
· In addition, WUS signal can be configured for dynamic ON-OFF of NCR DRX cycle

Proposal 16: For implicit configuration of ON-OFF pattern for NCR, at least for the case when the beam information for access link is supported, then the access link beam information should be used to determine the symbols and/or slots during which the NCR can be turned ON or OFF

Proposal 17: With implicit ON-OFF for NCR, after a continuous no reception on the configured Rx beams (for example, no PRACH reception on configured Rx beams for multiple periods), it could be considered that at least NCR-Fwd receiver at access link can turn itself OFF (assuming same understanding at the gNB)

Proposal 18: Power control as side control information can be considered with low priority and could be discussed/specified at a later stage, depending on the progress of other essential side control information

Proposal 19: For NCR operation, if it is agreed to be support power control information for both uplink and downlink at the NCR, then following two options can be considered for configuration of power control parameters:
· Option 1: Common set of power control parameters such as output power values or amplifying gains for both UL and DL
· Option 2: Separate set of power control parameters for UL and DL, respectively
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