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1. Introduction
In the WID [1], the following objectives for RAN1 are identified.
	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 share our views on the side control information and NCR behavior related to beamforming, UL-DL TDD operation and ON-OFF.
2. Discussion
2.1. Beam information
Access link beam indexing
In RAN1#110 meeting, it was agreed that beam index is used to indicate an access link beam. 
	Agreement
Beam index is used to indicate an access link beam (Option 1) 


One question would be, how the access link beams are indexed so that gNB and NCR have a common understanding on which beams are indicated by an access link beam indication.
According to the discussion in the previous meetings, it is basically a common understanding that the NCR should report the number of supported access link beams to gNB. 
In addition, NCR may be configured with candidate access link beams for forwarding which are a subset of its supported access link beams.
Therefore, in our view, the following two options can be considered for access link beam indexing. Assuming the access link beams are indexed as 0~M-1, where M is:
· Option 1: the number of supported access link beams of NCR which is reported to gNB
· Option 2: the number of candidate access link beams for forwarding
· The candidate access link beams are a subset of the supported access link beams of NCR.
For example, as shown in Figure 1, if the number of supported access link beams of NCR is 4 and the number of the candidate access link beam is 2, the beams would be indexed as 0~3 and 0~1 respectively according to Option 1 and Option 2.
	

(a) Example of Option 1
	

Example of Option 2


Figure 1. Examples of access link beam indexing
If configuration of the candidate access link beams is not supported or is also based on access link beam index, Option 1 is preferred. 
Proposal 1: The access link beams are indexed as 0~M, where M is:
· Option 1: the number of supported access link beams of NCR which is reported to gNB
· Option 2: the number of candidate access link beams for forwarding 
· The candidate access link beams are a subset of the supported access link beams of NCR and configured by RRC signaling.
Proposal 2: Support Option 1 if configuration of the candidate access link beams is not supported or is also based on access link beam index.
Reference SCS for access link indication
In RAN1#110 meeting, it was agreed to adopt explicit indication of time domain resources corresponding to an access link beam and support both slot-level and symbol-level granularity. 
	Agreement
The time domain resource corresponding to an access link beam can be determined with following options:
· Option 1: Explicit determination based on the explicitly indicated the time domain resources per beam indication
Note-1: Different parameters may be indicated for semi-static or dynamic beam indication
Note 2: One or multiple beams can be indicated via single beam indication.
Agreement
Both slot-level and symbol-level granularity are recommended for the time-domain resource indication and determination of the access link beam.


However, the reference SCS to support the slot-level/symbol-level time domain resources indication has not been discussed. In our view, at least the following 2 options should be considered. The reference SCS for time domain resources indication of access link beam indication is:
· Option 1: same as the reference SCS for UL/DL TDD configuration
· The reference SCS for UL/DL TDD configuration is configured/determined as for the legacy UE.
· Option 2: dedicatedly indicated.
Proposal 3: For the time-domain resource indication and determination of the access link beam, the reference SCS for time domain resources indication of access link beam indication is:
· Option 1: same as the reference SCS for UL/DL TDD configurations
· The reference SCS for UL/DL TDD configuration is configured/determined as for the legacy UE.
· Option 2: dedicatedly indicated.
Semi-static/semi-persistent/dynamic access link indication
As discussed above, the access link beam indication should at least include beam indication based on beam index and slot-level/symbol-level time domain resources indication. In this part, we would like to share our views on how semi-static, semi-persistent and dynamic access link indication works respectively.
In our understanding, semi-static beam indication is mainly for periodic transmissions between gNB and UEs, e.g. SSB, SIBs, Paging, PRACH, periodic CSI-RS, PUCCH for periodic CSI and Type-1 CG PUSCH etc. Those transmissions have different characteristics in both spatial and time domains. For example, they may have different periodicities, different beam sweeping patterns for same/different UEs. With that said, it is preferred to support multiple configurations so that the semi-static beam indication can match the transmissions well. Each configuration includes parameters for beam indication and time domain resources indication. 
Proposal 4: Regarding semi-static beam indication for access link beam, RRC signalling provides multiple configurations. Each configuration includes parameters for beam indication and time domain resources indication. 
Semi-persistent beam indication is mainly for semi-persistent transmissions between gNB and UEs, e.g. SPS, Type-2 CG PUSCH and PUCCH for SP CSI etc. Similar to the discussions for semi-static indication, those semi-persistent transmissions for same/different UEs may have different characteristics in both spatial and time domains. And different from the semi-static indication, some parameters, e.g. for beam indication and time domain resources within a period, can be included in the MAC CE/DCI for activation. Therefore, we have the following proposal.
Proposal 5: Regarding semi-persistent beam indication for access link beam, RRC provides multiple configurations. Each configuration at least includes parameters for periodicity.
· The parameters for beam indication and time domain resources within a period are included in the configuration provided by RRC or in MAC CE/DCI for activation.
Dynamic beam indication is mainly for dynamic transmissions between gNB and UEs, e.g. dynamically scheduled PDSCH/PUSCH etc. For this case, it is straightforward to indicate an access link beam and corresponding time domain resources by DCI.
Proposal 6: Regarding dynamic indication for access link beam, DCI indicates an access link beam and time domain resources corresponding to the indicated access link beam.
2.2. TDD configuration
In RAN1#110 meeting, 3 options for operation on semi-statically configured flexible symbols are agreed.  
	Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols
· Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
· Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB 
· Note: It means that no new side control signalling is needed.
· Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd


Both option 2 and Option 3 can support DL/UL forwarding on semi-statically configured flexible symbols. The difference is whether to reuse the legacy SFI or introduce new signalling. It is obvious that introducing new signalling will cost more standardization effort. Therefore, we prefer Option 2 which reuses the legacy SFI.
There may be remaining flexible symbols according to SFI. For those remaining flexible symbols NCR-Fwd can assume no DL/UL transmission between gNB and UEs and does not amplify and forward signals. 
However, whether NCR-Fwd should follow the TDD operation according to scheduling for NCR-MT from gNB may need more discussions. For example, if the NCR-MT and NCR-Fwd is TDM, the NCR-Fwd should not follow the scheduling.
Proposal 7: For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the NCR-Fwd follows the TDD operation determined by NCR-MT based on received SFI indication.
· For the remaining flexible symbols according to the received SFI indication, NCR-Fwd does not forward signals.
2.3. ON-OFF information
In RAN1#109-e meeting and RAN#110 meeting, the following agreements were made for ON-OFF.
	Agreement
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.
Agreement
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.

Agreement
The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB.
· Note-1: This applies to the case regardless of the RRC state of NCR-MT.
· Note-2: Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behaviour of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.
The above is not meant to imply any signalling design for NCR-Fwd ON-OFF.


It is natural that the NCR should be ON if there is DL/UL transmission between the gNB and the UEs served by the NCR and should be OFF otherwise to save power and reduce interference as much as possible. To save signaling overhead, if other information can match well with actual DL/UL transmissions between the gNB and the UEs served by the NCR, NCR-Fwd could just turn ON/OFF according to the other information and explicit indication would be unnecessary. 
According to the discussions in the previous meetings, access link beam indication is a candidate for implicitly indicating ON-OFF. As mentioned in 2.1.2, the time domain resources corresponding to access link beams are explicitly indicated. If access link beam indication is used to implicitly indicate ON-OFF, it is straightforward that NCR-Fwd should be OFF for the time domain resources not corresponding to access link beams. As for the time domain resources corresponding to indicated access link beams, NCR-Fwd could be ON. However, it is possible that there is no transmission between gNB and UEs for some of the time domain resources corresponding to access link beams.  For this case, explicit indication of OFF would be beneficial. And the explicitly indicated OFF can override the implicitly indicated ON by access link beam indication.
Observation 1: For saving signalling overhead, implicit indication of ON-OFF should be prioritized.
Observation 2: Access link beam indication is necessary for NCR-Fwd’s forwarding. It can implicitly indicate NCR-Fwd to be ON within indicate time domain resources corresponding to access link beams. Explicit indication of ON is redundant. 
Proposal 8: Support implicit indication of ON-OFF by access link beam indication and explicit indication of OFF.
· Explicitly indicated OFF overrides implicitly indicated ON by access link beam indication
Another thing is about forwarding of broadcast and cell-specific signals/channels. Following the spirit mentioned above, the NCR-Fwd should be ON for the corresponding symbols/slots to forward broadcast and cell-specific signals/channels between gNB and UEs. In our understanding, no matter how the NCR acquires ON-OFF information (explicit/implicit, semi-static/dynamic), the gNB can guarantee that all symbols/slots for all broadcast and cell-specific signals/channels are configured as ON for NCR-Fwd.
Proposal 9: For broadcast and cell-specific signals/channels, it is up to gNB to guarantee that all symbols/slots for all broadcast and cell-specific signals/channels are configured as ON for NCR-Fwd.
3. Conclusion
This contribution discusses side control information and NCR behavior. The observations and proposals are summarized as follows.
Beam information
Proposal 1: The access link beams are indexed as 0~M, where M is:
· Option 1: the number of supported access link beams of NCR which is reported to gNB
· Option 2: the number of candidate access link beams for forwarding 
· The candidate access link beams are a subset of the supported access link beams of NCR and configured by RRC signaling.
Proposal 2: Support Option 1 if configuration of the candidate access link beams is not supported or is also based on access link beam index.
Proposal 3: For the time-domain resource indication and determination of the access link beam, the reference SCS for time domain resources indication of access link beam indication is:
· Option 1: same as the reference SCS for UL/DL TDD configuration
· The reference SCS for UL/DL TDD configuration is configured/determined as for the legacy UE.
· Option 2: dedicatedly indicated.
Proposal 4: Regarding semi-static beam indication for access link beam, RRC signalling provides multiple configurations. Each configuration includes parameters for beam indication and time domain resources indication. 
Proposal 5: Regarding semi-persistent beam indication for access link beam, RRC provides multiple configurations. Each configuration at least includes parameters for periodicity.
· The parameters for beam indication and time domain resources within a period are included in the configuration provided by RRC or in MAC CE/DCI for activation.
Proposal 6: Regarding dynamic indication for access link beam, DCI indicates an access link beam and time domain resources corresponding to the indicated access link beam.
TDD configuration
Proposal 7: For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the NCR-Fwd follows the TDD operation determined by NCR-MT based on received SFI indication.
· For the remaining flexible symbols according to the received SFI indication, NCR-Fwd does not forward signals.
ON-OFF information
Observation 1: For saving signalling overhead, implicit indication of ON-OFF should be prioritized.
Observation 2: Access link beam indication is necessary for NCR-Fwd’s forwarding. It can implicitly indicate NCR-Fwd to be ON within indicate time domain resources corresponding to access link beams. Explicit indication of ON is redundant. 
Proposal 8: Support implicit indication of ON-OFF by access link beam indication and explicit indication of OFF.
· Explicitly indicated OFF overrides implicitly indicated ON by access link beam indication
Proposal 9: For broadcast and cell-specific signals/channels, it is up to gNB to guarantee that all symbols/slots for all broadcast and cell-specific signals/channels are configured as ON for NCR-Fwd.
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