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1 Introduction  
In RAN#94e meeting, the SI on NR network-controlled repeaters is approved with the details listed in [1]. Meanwhile, the following objectives in RAN1 are highlighted as below:
	The study on NR network-controlled repeaters is to focus on the following scenarios and assumptions:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.

· For only single hop stationary network-controlled repeaters

· Network-controlled repeaters are transparent to UEs

· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously

NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.
Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]

· Beamforming information

· Timing information to align transmission / reception boundaries of network-controlled repeater

· Information on UL-DL TDD configuration

· ON-OFF information for efficient interference management and improved energy efficiency
· Power control information for efficient interference management (as the 2nd priority)

Study and identify L1/L2 signaling (including its configuration) to carry the side control information [RAN1]


In this contribution, the design of signalling for each side control information is elaborated along with the general thoughts on the configuration mechanism.

2 L1/L2 signaling for the side control information
As mentioned in [2], the network-controlled repeater is beneficial to improve the coverage as a simplified node. From perspective of functionality, the general structure of the network-controlled repeater (NCR) can be modelled in Figure 1 with following two major components: 

· The NetConRep-Controller is expected to maintain the Control link (C-link) between BS and repeater to enable the information exchanges, e.g., carrying the side control information. As the in-band NR network-controlled repeater, the C-link should be based on NR Uu interface and in same frequency band as Forwarding-link (F-link as described below).

· The NetConRep-RU (Radio Unit) at least has similar functionality as legacy repeater, and is expected to use the Forwarding link (F-link), which refers to the F-link for backhaul (F-link 1&2) and F-link for access (F-link 3&4), to forward the data between BS and UE(s) in transparent way. The behavior of F-link will be controlled according to the received side control information from BS.
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Figure 1 Illustration of conceptual model of network-controlled repeater

Then, regarding the signalling design as highlighted in the scope, the selection of proper L1/L2 signalling for each feature is mainly based on the assumed behaviour of F-link (e.g., dynamic or semi-static). Meanwhile, since we are focusing on the design of L1/L2 signalling, the corresponding indication via L1-channel/signal or MAC CE should be the baseline. More detailed consideration for each feature are elaborated.
Observation 1: The L1/L2 signaling design is mainly determined by the assumed flexibility in time domain for each feature.

Proposal 1: The L1 signaling via DCI and L2 signalling (based on MAC CE) should be considered as the baseline for signalling design.

2.1 Signaling for TDD UL-DL configuration
TDD UL-DL configuration information is needed to ensure the proper DL/UL behavior of the NCR. In the legacy operation for RF repeater, the configuration of such information is conducted by implementation (e.g., configured by OAM or hard-coded) in a static way. The static configuration can still be used be as an option for the NCR. 

In addition, Rel-17 NR defines a variety of TDD UL-DL configuration modes including semi-static configuration and dynamic configuration. Based on the signaling design in Rel-17 NR, flexible TDD UL-DL configuration can be achieved by reusing the existing signaling to control the NCR DL-UL direction in symbol level with supports on both semi-static configuration and dynamic TDD. 

Moreover, regarding the preferred granularity of the TDD configuration for NCR, similar to the legacy operation, the semi-static/static way is preferred. Dynamic TDD way is not preferred for the reasons in [2].
Regarding the semi-static configuration, the existing approaches can be further divided into two sub-types: 
· cell-specific TDD configuration
Semi-static cell-specific TDD configuration includes: TDD-UL-DL-ConfigCommon in SIB1 or ServingCellConfigCommon, common channels/signals configuration e.g. for SSB/CORESET#0/valid PRACH occasion.
· UE-specific TDD configuration 
Semi-static UE-specific TDD configuration includes: TDD-UL-DL-ConfigDedicated in ServingCellConfig, semi-static configuration by higher layer for special channels/signals (e.g. PDCCH, SPS-PDSCH, and CSI-RS). 
Semi-static UE-specific configuration works only for flexible resources defined by semi-static cell-specific configuration and it can only be enabled after the link establishment (e.g., C-link) if supported. During the initial establishment of the NCR, the NCR can get the semi-static cell-specific configuration information relying on the received MIB (e.g. SSB/CORESET#0) and SIB1 (e.g. TDD-UL-DL-ConfigCommon). Thus at least semi-static cell-specific configuration for the NCR should be considered based on the tradeoff among signaling overhead, complexity, flexibility and standardization impact.
Observation 2: The semi-static configuration of TDD-UL-DL is more suitable for NCR.
Proposal 2: At least following approaches to enable the static or semi-static cell-specific TDD configuration for the NCR can be considered.
· Indicated via by OAM or hard-coded
· Indicated via the SIB1(i.e., TDD-UL-DL-ConfigCommon)
2.2 Signaling for Timing information

As discussed in [2], regarding the timing information, the initial synchronization and following alignment of boundary for transmission/reception at NCR side should be studied.

In general, for the 1st aspects for synchronization, two options can be considered. The first way for NetConRep-Controller to obtain DL/UL timing synchronization is relying on the statically configured timing information. As geographical location of the NCR is fixed for stationary deployment, the propagation time delay between the NCR and the gNB is relatively stable. The time delay can be statically configured to NetConRep-Controller to achieve DL/UL timing synchronization if extra timing source e.g. GNSS is enabled. The timing delay can be configured by OAM or hard-coded. However, considering simplicity and robustness over the channel changes, NetConRep-Controller DL timing synchronization can be achieved by detecting the SSB transmitted by the gNB. NetConRep-Controller UL timing synchronization can also be ensured through if gNB will provide a TA via MAC CE to NetConRep-Controller for its UL transmission, e.g., similar to legacy procedure in initial access. 

Proposal 3: The following solution for timing synchronization of NetConRep-Controller can be considered. 
· Same as legacy UE: DL timing is achieved by detecting SSBs; UL timing is achieved by TA indication
Regarding the maintenance of the boundary of transmission/reception at NCR side for all supported links (i.e., C-link and F-link), as shown in Figure 2,  by enabling the initial alignment between C-link and F-link, the boundary for transmission/reception can be always maintained with the detailed timing scheme elaborated in our companion contribution [2].
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Figure 2 Illustration of timing alignment for NCR

Moreover, to address the potential factor, i.e., DL-UL switching time, potential group delay experienced by the F-link over the NetConRep-RU and adjustment due to the TA, proper setting of Guard period via implementation is needed along with the resource multiplexing between C-link and F-link. For example, if the scheduling is done in TDMed manner for UL transmission, the gNB can ensure that the end of the C-link is before the start of the F-link through scheduling with considering the TA impacts. 
Observation 3: The guard period is needed to handle the required time duration for DL-UL switching, and it can be achieved by implementation. 
Proposal 4: The following timing alignment is proposed for NCR, and no additional spec impact is expected.

· NCR C-link: its DL Rx timing (C1) and UL Tx timing (C2) can be determined as for a “UE”.

· NCR F-link: ideally,  the same timing as NCR C-link is expected
· F-link DL Rx timing (F1) = C-link DL Rx timing (C1)

· F-link DL Tx timing (F3) = F-link DL Rx timing (F1)

· F-link UL Tx timing (F2) = C-link UL Tx timing (C2)

· F-link UL Rx timing (F4) = F-link UL Tx timing (F2)

Proposal 5: The resource allocation for both DL and UL corresponding to the C-link and F-link can be managed by gNB’s implementation.
2.3 Signaling for beam information

As mentioned in [2], the gNB needs to control beam for both C-link and F-link as shown in Figure 1. 

3.3.1 Indication of Beam for C-link
For the beam indication of C-link, from the perspective of functionality, the corresponding approach is determined based on the following solutions for C-link establishment as highlighted in [2] as below:
· Option-1: NCRs can be deployed based on network planning scheme and the beam for C-link can be determined by implementation.

· Option-2: The establishment of C-link is similar to the legacy operation for beam determination. 

More specifically, in Option-1, the indication of beam for C-link is expected to be configured via OAM at the setup of the NCRs with much lower frequency for updates. But for Option-2, the updates of beams can follow the indication via L2 signalling, e.g., via existing beam indication (e.g., TCI or spatial-relationship). Since the channel condition experienced by the C-link is relative stable due to the stationary deployment, the semi-static update of the beam seems to be sufficient for C-link.
Proposal 6: The following two solutions for C-link beam indication at least in semi-static way can be considered:

· Option-1: Implementation-based method determined in initial set-up
· Option-2: L2 signalling-based indication in legacy mechanism

3.3.2 Indication of Beam for F-link

Regarding the beam indication of F-link, as highlighted in [2], the same of channel conditions are experienced by the F-link for backhaul (i.e., F-link 1&2) as the C-link. To simplify the design, reusing the same indicated beam for C-link is preferred for the operation of F-link 1&2.

Proposal 7: The indicated beam for the C-link is recommended to be reused for the F-link 1&2.

The legacy beam indication mechanism cannot be directly used for the F-link 3&4 (i.e., the access link between NCR and UE). In the legacy beam indication, the indicated beam corresponds to the spatial filter (either for transmission or for reception) used between the two involved ends for one link, e.g., the gNB and the UE. With the presence of the NCR, the full link involves two concatenated links, i.e., F-link 1&3 for DL and F-link 2&4 for UL. To address this issue, new mechanism for beam indication is needed with following three aspects considered:
· Aspect-1: Define a new logic beam index to represent the beam

In the legacy beam indication mechanism, TCI and corresponding spatial relationship are used to represent the beam implicitly based on QCL assumption. A reference signal (either received or transmitted by the UE) is used to provide the reference for QCL Type-D. The NCR transparently forwards the signal between the gNB and the UE on the F-link without processing. Therefore the legacy beam indication mechanism is not applicable. 

As a result, instead of using reference signal, a new logical beam index should be defined to represent the beam used by F-link 3&4. For example, a new logical beam index can be used in the beam indication. Another example is that the reference signal in the legacy beam indication mechanism can be bundled with the NCR’s beam on the F-link 3&4 using semi-static configuration.
Observation 4: The legacy beam indication mechanism is not applicable to F-link for accessing (i.e., F-link 3&4)) 
Proposal 8: A new logical beam index used to represent the NCR’s beam on F-link 3&4 is needed. 

· Aspect-2: Association between beam and corresponding applicable time

In the legacy beam indication mechanism, the applicable time of the beam indication (TCI configured via MAC CE or DCI) is implicitly associated to the corresponding DL/UL channel/RS. Since the NCR does not decode the corresponding DL/UL grant for the UE, the applicable time of the beam indication is not available to the NCR. Therefore the applicable time is also needed, which should be associated with the beam indication mentioned in the Aspect-1.

Proposal 9: The indication of applicable time for beam is also needed with association to the beam indication for F-link 3&4.

· Aspect-3: Signaling for beam indication 
Before the NCR starts forwarding, the number of NCR beams used on the F-link 3&4 should be configured by the gNB and it should not be more than the NCR capability, i.e., the maximum number of NCR beams supported on the F-link 3&4. Therefore, reporting of the NCR capability to gNB is needed before the configuration. After the configuration, both common signal (i.e., for a group of UEs) and dedicated signal (i.e., for a single UE) are forwarded on the F-link 3&4 by the NCR using the beam indication from the gNB. 

Proposal 10: The number of beams used by NCR’s F-link 3&4 should be configured by the gNB based on the NCR capability report.
Regarding the detailed design of signaling, different characteristic of the forwarded signal by the NCR should be considered. More specifically, signaling for common signal forwarding and dedicated signal forwarding is elaborated below. 

· For common channel & signal forwarding: 
As mentioned in [2], the common channel is always-on in the system, and the indication of corresponding beam should well match the transmission of these information. Meanwhile, the beam used for common signal forwarding tends to be semi-static, since the common signal is generally periodic and needs to be forwarded in a beam sweeping manner.  To achieve it, following options can be considered:
· Option-1: Beam indication using an association between common channel & signal and NCR beam
Regardless of the potential implementation to achieve the one-to-one or one-to-more mapping as mentioned in [2], the association between the RS index with the one or more beams used by the NetConRep-RU for F-link 3&4 should be signaled to the NCR firstly.  

Then, with knowledge of the time instant for transmission, e.g., by additional indicated time information or decoded configuration by NetConRep-Controller via either legacy configuration or OAM, the NCR can determine the beam for common channel & signal forwarding as shown in Figure 3.

[image: image3.png]Beam(s) of F-3

F 0

UE  served via

D repeater

UE  served viaBS




Figure 3 Illustration of forwarding of common channel & signal
· Option-2: Beam indication using new logic beam index for NCR beam
Instead of the predefined association between common channel & signal and NCR beam, the direct indication of beam only for F-link 3&4 via new logic beam index is also feasible without the needs to inform the configuration of common channel & signal. Meanwhile, tight mapping relationship is expected per common channel or signal, and the gNB will define a logic beam index for each beam of the NCR on F-link 3&4. The indication is done along with corresponding applicable time. 
Proposal 11: Regarding the beam indication to NCR to enable the forwarding of common channel, following two options in semi-static/static way can be considered:
· Option-1: Configuring the mapping relationship between DL/UL common channel & signal and the NCR beams

· Option-2: Indicating the beam information along with the applicable time domain resource directly 
· For dedicated signal forwarding: 
For the DL/UL dedicated signal forwarding, the NCR forwards the DL and UL UE-specific signal transmitted to or from the target UE via F-link 3 and 4, respectively. Considering the UE-specific signal forwarding and the mobility of UEs, the channel characteristic between the NCR and UEs changes dynamically. Then, the beam on the F-link 3&4 should also be dynamically changed, especially to enable the beam training procedure as highlighted in [2] . It requires timely indication of beam information from the gNB to the NCR. In this way, the dynamic signaling mechanism should be considered for the beam indication for F-link 3&4.
Observation 5: For the forwarding of dedicated channel, the dynamic signaling mechanism to enable the beam changes with finer time granularity is preferred.
In order to realize the dynamic signaling for the dedicated signal forwarding on F-link 3&4, the following DCI-based dynamic signaling mechanisms can be considered with explicit logic beam index or implicit beam indication:
· Option-1: Similar to the operation for common signal forwarding, the logic beam index can be defined to identify the NCR beam on the F-link 3&4. Then, the corresponding information can be carried in the DCI (e.g., NCR specific DCI) to indicate the beam. In the DCI, the beam used on the F-link 3&4 is explicitly indicated by the gNB with the logic beam index, and the corresponding time and frequency resource information is also configured in the DCI to be indicated by the gNB. 
· Option-2: Implicit beam indication via the updated TCI state
In NR system, the TCI state is used to indicate the beam information in an implicit way. However, as highlighted above, to enable the beam indication for F-link 3&4, the concept and configuration of TCI should be updated according to the newly defined “representor” of beam, which is dedicated for the beam for forwarding link. And it will lead to new type of TCI state.

Meanwhile, similar as the option-1, the corresponding time and frequency resource information can be configured in the DCI. And this DCI can be same as the DCI used for the beam indication, or a new separate DCI defined for the time and frequency resource indication.  
Regarding these two possible signaling mechanisms mentioned above, the Option-1 seems to be simpler and more straightforward for configuration and indication. It should be noticed that if the Option-2 is used, except for the necessity updates, the legacy configuration mechanism of TCI , i.e., RRC/MAC CE/DCI should be supported by NetConRep-Controller with a full protocol stack (including PHY/MAC/RRC), which may increase the complexity and signaling cost. Meanwhile, as for the TCI configuration of Option-2, if the updated TCI configuration is supported, without additional specification changes to denote the different purposes, e.g., used for the C-link 1&2/legacy transmission or F-Link 3&4, it will be difficult for the UE/NetConRep-controller to differentiate the TCI states. But if such change is introduced, the transparency of functionality for NCR cannot be satisfied to UEs. 

Then, based on the above analysis, the Option-1 is preferred due to its simplicity.
Proposal 12: For the dedicated signal forwarding, the dynamic indication of beam information with explicit logic beam indexes along with the applicable time instant is recommended for F-link 3&4.
2.4 On-off information

As justified in [2], the on-off information is beneficial to provide efficient interference management and improved energy efficiency. Meanwhile, it should also be noticed that on-off switching of NetConRep-RU may need switching time, which might be highly associated with the implementation complexity. Therefore frequent on-off switching is not expected for NCR forwarding links. 
Meanwhile, the frequent on-off switching requires high signaling overhead, in our view, the configuration of on-off information in large time scale for NCR forwarding links should be prioritized
Observation 6: The configuration of on-off information in large time scale is more suitable for NCR forwarding links since frequent ON-OFF of NCR is not expected.
To ensure proper large time scale on-off configuration, semi-static indication is preferred with the following options.
· Option 1: Explicit indication of on-off information
As shown in Figure 4, the configuration of ON-OFF information in explicitly way can be achieved via periodic on-off configuration. In this solution, a periodicity and a duration can be configured through L2 signalling or OAM. Then, the NCR will perform the ON-OFF behavior in corresponding time instant. 
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Figure 4 Illustration of example for explicit configuration of ON-OFF information

· Option 2: Implicit on-off information

As shown in Figure 4, the configuration of ON-OFF information can be achieved implicitly. One way is to define a discontinuous forwarding (DF) mode with proper configuration, which is similar to the DRX mode for legacy UE. Meanwhile, this DF mode can be defined for NCR forwarding links with consideration on the needs for either long or short cycle. 

The other way is based on a pattern. For example, the forwarding of common channel may be the essential needs, so that the pattern-based solution with consideration on common channel, e.g., the SSB and PRACH pattern, can be considered. In other words, the NCR should be always in ON status for the time instant carrying the common signal. Such information can be either acquired by decoding the legacy configuration or configured by BS via OAM.
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(a) DF mode for ON-OFF information                              (b) Pattern-based ON-OFF configuration

Figure 5 Illustration of example for explicit configuration of ON-OFF information

Proposal 13: At least semi-static on-off configuration is beneficial and recommended for NCR forwarding links with following options:
· Option 1: Explicit indication based on periodicity configuration
· Option 2: Implicit on-off information based on discontinuous forwarding(DF) mode or association to the common channel
In addition, the dynamic on-off indication can be regarded as supplementary method to assist the large time scale indication, because in some scenarios, due to the instant UE traffic, the pre-configured on-off pattern may need some adjustment to ensure proper transmission of specific traffic. However, dynamic on-off indication still needs further study since it increases the signaling overhead and implementation complexity. As mentioned before, on-off operation requires extra switching time on NCR RU, so if dynamic on-off indication is supported, it should be noticed that at least slot level on-off configuration is guaranteed to ensure appropriate cost on NetConRep-RU hardware implementation. 

If dynamic on-off indication is supported, the NCR-specific DCI based solution with either introduction of a new filed (e.g., 1 bit to indicate “ON” or “OFF”) or re-interpreting the existing field can be considered.

Proposal 14: Dynamic on-off indication can also be considered with following options:

· Option 1: Explicit indication with new DCI field
· Option 2: Implicit indication by re-interpreting existing DCI field
The above mentioned semi-static or dynamic on-off indication can be applied to the whole forwarding link. Meanwhile, for different granularity of controlling, the on-off indication may be also applied to one or more of the forwarding links. This per link on-off indication may provide better flexibility, at the same time, the signaling overhead will also increase as a trade-off. For example, the NCR forwarding link 1 and 3 can be turned on within SSB pattern to ensure the DL forwarding, the NCR forwarding link 2 and 4 can be turned on within PRACH pattern to ensure the UL forwarding. 

Proposal 15: On-off indication to control the behavior of NCR on the whole forwarding links is recommended, per link indication can also be considered.
2.5 Power control information

The introduction of power control information is to provide efficient interference management. However, as justified in [2], dynamic adjustment on amplified gain of PA module for NCR RU would result in high implementation complexity, it will finally lead to high cost of NCR. With this understanding, long term based power control can be considered.

For power control mechanism of NCR RU, the legacy output power determination method of RF repeater can be considered, i.e. Output_power = min(max_Tx power, Input_power*Gain). In RF repeater, the maximum Tx power and gain is usually fixed, while in NCR, if power control is needed, the output power can be controlled by adjusting maximum Tx power or amplified gain.

Assume that maximum Tx power is restricted by regional regulatory, then the amplified gain can be configured in a semi-static way, i.e. the power control parameter can be configured through L2 signalling or OAM by implementation.

Observation 7: Legacy output power determination method of RF repeater, i.e.  Output_power = min(max_Tx power, Input_power*Gain), can be reused for NetConRep-RU.
Proposal 16: The power control parameter (e.g. amplified gain or maximum output power) for the F-link of NCR can be configured in static/semi-static via L2 signalling.
3 Discussion on the configuration of signalling
Regarding the configuration of signalling, the intention is to design the mechanism to configure the required resource and other information, e.g., format, for the selected signalling. Based on the design above, it seems that either L1 or L2 signalling will be considered.  To achieve the proper configuration, in legacy NR system, the complicated configuration mechanism is defined with high flexibility to support the signalling exchanges between BS and UEs. However, for NCR, considering the deployment scenario (e.g., single hop stationary) and limited requirement for information exchanges (e.g., delivering the necessary side control information), there is possibility to further simplify the configuration of signalling with consideration. Then, as shown in Figure 6, the following three assumptions on the protocol of NetConRep-Controller can be considered as potential candidates to achieve the configuration of signalling. For example, in Option-2, the format and resource of PDSCH to carry the MAC CE indication can be allocated in static way. Then, after set-up, the NetConRep-Controller will try to monitor the corresponding resource to detect the L2-signalling for the indication.  And if only L1-signalling is expected, the configuration will be even simplified, and can also be delivered in static way.
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Figure 6 Illustration of potential assumption on the protocol structure of NetConRep-Controller

Observation 8: The configuration of signaling for side control information can be simplified to enable the light-implementation of network-controlled repeater.
Proposal 17: The following three candidates can be considered to configure L1/L2 signalling for side-control information indication:
· Option-1: Reusing the legacy configuration mechanism
· Option-2: Partially OAM-based configuration mechanism
· Option-3: Fully OAM-based configuration mechanism
4 Conclusion

In this contribution, detailed views regarding the signalling for each feature and general structure for signalling configuration are highlighted with following observations and proposals.

Observation 1: The L1/L2 signaling design is mainly determined by the assumed flexibility in time domain for each feature.

Observation 2: The semi-static configuration of TDD-UL-DL is more suitable for NCR.

Observation 3: The guard period is needed to handle the required time duration for DL-UL switching, and it can be achieved by implementation. 
Observation 4: The legacy beam indication mechanism is not applicable to F-link for accessing (i.e., F-link 3&4)) 
Observation 5: For the forwarding of dedicated channel, the dynamic signaling mechanism to enable the beam changes with finer time granularity is preferred.
Observation 6: The configuration of on-off information in large time scale is more suitable for NCR forwarding links since frequent ON-OFF of NCR is not expected.
Observation 7: Legacy output power determination method of RF repeater, i.e.  Output_power = min(max_Tx power, Input_power*Gain), can be reused for NetConRep-RU.
Observation 8: The configuration of signaling for side control information can be simplified to enable the light-implementation of network-controlled repeater.
Proposal 1: The L1 signaling via DCI and L2 signalling (based on MAC CE) should be considered as the baseline for signalling design.

Proposal 2: At least following approaches to enable the static or semi-static cell-specific TDD configuration for the NCR can be considered.
· Indicated via by OAM or hard-coded
· Indicated via the SIB1(i.e., TDD-UL-DL-ConfigCommon)
Proposal 3: The following solution for timing synchronization of NetConRep-Controller can be considered. 
· Same as legacy UE: DL timing is achieved by detecting SSBs; UL timing is achieved by TA indication
Proposal 4: The following timing alignment is proposed for NCR, and no additional spec impact is expected.

· NCR C-link: its DL Rx timing (C1) and UL Tx timing (C2) can be determined as for a “UE”.

· NCR F-link: ideally,  the same timing as NCR C-link is expected
· F-link DL Rx timing (F1) = C-link DL Rx timing (C1)

· F-link DL Tx timing (F3) = F-link DL Rx timing (F1)

· F-link UL Tx timing (F2) = C-link UL Tx timing (C2)

· F-link UL Rx timing (F4) = F-link UL Tx timing (F2)

Proposal 5: The resource allocation for both DL and UL corresponding to the C-link and F-link can be managed by gNB’s implementation.
Proposal 6: The following two solutions for C-link beam indication at least in semi-static way can be considered:

· Option-1: Implementation-based method determined in initial set-up

· Option-2: L2 signalling-based indication in legacy mechanism

Proposal 7: The indicated beam for the C-link is recommended to be reused for the F-link 1&2.

Proposal 8: A new logical beam index used to represent the NCR’s beam on F-link 3&4 is needed. 

Proposal 9: The indication of applicable time for beam is also needed with association to the beam indication for F-link 3&4.

Proposal 10: The number of beams used by NCR’s F-link 3&4 should be configured by the gNB based on the NCR capability report.
Proposal 11: Regarding the beam indication to NCR to enable the forwarding of common channel, following two options in semi-static/static way can be considered:
· Option-1: Configuring the mapping relationship between DL/UL common signal and the NCR beams

· Option-2: Indicating the beam information along with the applicable time domain resource directly 
Proposal 12: For the dedicated signal forwarding, the dynamic indication of beam information with explicit logic beam indexes along with the applicable time instant is recommended for F-link 3&4.

Proposal 13: At least semi-static on-off configuration is beneficial and recommended for NCR forwarding links with following options:
· Option 1: Explicit indication based on periodicity configuration
· Option 2: Implicit on-off information based on discontinuous forwarding(DF) mode or association to the common channel
Proposal 14: Dynamic on-off indication can also be considered with following options:

· Option 1: Explicit indication with new DCI field
· Option 2: Implicit indication by re-interpreting existing DCI field
Proposal 15: On-off indication to control the behavior of NCR on the whole forwarding links is recommended, per link indication can also be considered.
Proposal 16: The power control parameter (e.g. amplified gain or maximum output power) for the F-link of NCR can be configured in static/semi-static via L2 signalling.
Proposal 17: The following three candidates can be considered to configure L1/L2 signalling for side-control information indication:
· Option-1: Reusing the legacy configuration mechanism
· Option-2: Partially OAM-based configuration mechanism
· Option-3: Fully OAM-based configuration mechanism
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