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In RAN1 109-e meeting, the following was agreed in connection to side control information for NCR [1]:
	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
From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
· Option #2-3: Dynamic beam indication and semi-static beam indication

Agreement
For an NCR-MT, the necessary configurations from RRC and/or OAM(or hard-coded) contain:
· The configurations of PHY channels to carry the L1/L2 signaling: 
· The configurations for receiving PDCCH and PDSCH.
· The configurations for transmitting PUCCH, if needed.
· The configurations for transmitting PUSCH, if needed.
· The configurations of L1/L2 signaling: 
· The configurations for DCI.
· The configurations for UCI, if needed.
· The configurations for MAC CE, if needed.

Agreement
In the access link beam indication, an access link beam can be indicated by:
· Option 1: A beam index
· FFS: How to indicate the corresponding time domain resource of the beam. 
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
· FFS: The definition of the source RS. 
· FFS: How to indicate the corresponding time domain resource of the beam.
· FFS: The definition of the association between the source RS and the beam.
· Note: The above does not imply that the NCR can or cannot generate and transmit reference signals to a UE or receive and process reference signals from a UE.
RAN1 to select one of the two options, combine the two options, or select both options in RAN1#110

Conclusion
Legacy UE mechanism is sufficient to achieve DL/UL timing for NCR-MT

Agreement
For the parameters in the necessary configurations for L1/L2 signaling, the existing parameters for PDCCH, PDSCH, PUCCH, PUSCH, DCI, UCI and MAC CE in Rel-17 are the baseline for further discussion.
· Note 1: This does not imply that all Rel-17 parameters will be supported for the NCR-MT. 
· Note 2: This does not imply that PUCCH, PUSCH, UCI and MAC CE are currently agreed to be supported. Further consideration is needed.

Agreement
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.
 
Agreement
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be unnecessary.
· FFS: the impact of internal delay
 
Agreement
The time at which the NCR applies an access link beam indication should be considered.
 
Agreement
As for the time-domain granularity of the access link beam indication, one or both of the following options can be considered:
· Option 1: slot-level
· Option 2: symbol-level
· FFS: The details of indication signaling


In this contribution, we present our views on remaining issues for L1/L2 signaling for side control information. The agreed modelling and terminology of NCR [2] is shown in Figure 1. 
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Figure 1 modelling of NCR
L1/L2 signalling design for side control information 
According to the analysis in [3], existing mechanism/signalling is sufficient for TDD UL/DL configuration and timing, and power control is expected to be deprioritized. Therefore, only signalling for beam information and on/off operation is provided in the contribution. 
Signalling for beam information
Beamforming for access link
For access link, as discussed in [3], the side control information provides beam indices with beam type information for a set of time domain resources to control beamforming at NCR. 
· Beam index with beam type information 
Before the indication of beam information for each time domain resource, gNB has to provide information for the set of beams which can be applied for the access link, including the beam type (wide beam or narrow beam) and the number of beams per beam type. As shown in Figure 2, NCR can be configured with two wide beam (beam A0 and beam A1) to forward cell-specific signals/channels and 8 narrow beams (beam C0~ beam C7) to forward UE-specific signals/channels. To establish the mapping between beam index and beam types and corresponding spatial relation, the relationship can be provided by semi-static configuration before beam index indication for a specific time domain resource. 
After that, gNB can provide beam information for each time domain resource, which can be semi-statically indicated or dynamically indicated. For periodic signals/channels, e.g., SS/PBCH, PRACH or SPS PDSCH/CG PUSCH, semi-static configuration for beams which apply periodically is sufficient. The semi-static configuration can be carried by MAC CE or RRC signaling in a PDSCH. For dynamically scheduled signals/channels, dynamic indication for beams which apply to a set of time resources once is desirable. The dynamic indication can be carried by DCI in a PDCCH. In case of a time resource with both semi-static and dynamic beam information, overriding rule should be defined.  
At NCR side, the capability report for the maximum number of beams and beam types can be considered to help gNB determine beam configuration for NCR access link. 
· Time domain resource 
The granularity for time domain resource (a time unit) can be symbol-level or slot-level per gNB configuration to serve different purposes. The time domain resource can be explicitly indicated by the same side control information indicating beam indices or derived from the location of PDCCH/PDSCH carrying the side control information and configured period according to pre-defined rule. For instance, similar to the time domain resource determination for UL CI by DCI format 2_4, a set of time units starts after the end of PDCCH/PDSCH carrying side control information with certain processing latency, and the duration of the set of time units is configured by gNB or determined by PDCCH monitoring periodicity. Alternatively, similar to AI for IAB-DU by DCI format 2_5, the duration of the set of time units can be derived by the number of beam indices. By this approach, gNB just indicates a list of beam indices which apply to the derived time units correspondingly without signalling overhead for time domain resources in each PDCCH/PDSCH carrying the side control information. Alternatively, similar to multi-PUSCH/PDSCH scheduling, multiple sets of time units can be indicated by TDRA bit field. More specifically, in a row of TDRA table, multiple SLIVs are configured for multiple sets of time units. In this way, gNB indicates both time domain resource information and beam indices in a PDCCH/PDSCH for beamforming. Furthermore, in case of beamforming applied periodically, the periodicity for the time units should be provided.     
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Figure 2   Wide beam and narrow beam for NCR access link 


Proposal 1: For beamforming signalling for access link,
· gNB configures a number of beams with beam type information by L2 signaling. 
· gNB indicates beam indices for time domain resources by L1 or L2 signaling, 
· The granularity for time domain resource can be symbol or slot-level per gNB’s configuration. 
· The time domain resource can be explicitly indicated (similar to multiple SLIVs for multi-PDSCH/PUSCH) or derived according to pre-defined rule (similar to time domain resource for UL CI by DCI format 2_4 or AI by DCI format 2_5).
· NCR can report the supported maximum number of beams and beam types. 

Beamforming for backhaul link
For backhaul link, the TCI for backhaul link can be explicitly indicated by gNB. Considering the appropriate beam for backhaul does not change frequently, semi-static signalling would be sufficient. 
Proposal 2: Additional TCI indication for backhaul can be supported by semi-static signalling. 

Signalling for on/off information
For on/off operation for NCR-Fwd, as analysed in [3], at least explicit indication for on/off operation is needed. For explicit indication, both long-term on/off (e.g., on or off duration can be hundreds of milliseconds or even longer for power saving) and short-term on/off (e.g., symbol or slot-level on/off for interference reduction or UE identification under NCR) can be supported.  For long-term on/off, it is sufficient to simply indicate off or on state without indication of time domain resource, NCR would turn off once upon the reception of ‘off’ indication and keeps ‘off’ state until new signalling for ‘on’ is received or vice versa. For short-term on/off, one-shot indication with a list of on/off states for a set of time resources or periodic on/off pattern can be supported. In case of a time resource with different on/off indications, e.g., a symbol with both semi-static ‘on’ indication and dynamic ‘off’ indication as show in Figure 3, overriding rule should be defined.  Besides, the on/off operation for DL and UL forwarding link can be separately controlled, e.g., for dynamic on/off operation, or jointly controlled, e.g., for semi-static on/off operation. Therefore, gNB may indicate on/off state with DL/UL links information. 




Figure 3 Explicit indication for on/off 

Proposal 3: For on/off signalling for NCR-Fwd, the following options can be supported for explicit indication: 
· gNB indicates on or off state by L1 or L2 signalling, which is applicable after the reception of side control information with certain processing latency and until the reception of new side control information. 
· gNB indicates a list of on/off states for a set of time resources by L1 signalling. 
· gNB indicates on/off pattern with periodicity by L2 signalling. 
       For above options, DL/UL link can be indicated together with on/off states. 

For on/off operation for NCR-MT, existing power saving mechanism may be insufficient. For example, legacy DRX operation for a UE is based on traffic for the UE, while the DRX operation for NCR-MT should consider traffic for all UEs served by the NCR but the traffic for UEs is transparent to NCR-MT. Therefore, legacy DRX operation may not work properly, which leads to side control information miss-detection. Enhancements for DRX operation or on/off operation similar to NCR-Fwd controlled by side control information can be considered for NCR-MT.  For enhanced DRX operation, new mechanism to start/restart DRX timers can be considered. 

Proposal 4: For on/off signalling for NCR-MT, on/off signalling similar to the signalling for NCR-Fwd can be supported. Enhancement of DRX operation with new mechanism to start/restart DRX timers can be considered. 

Others 
The side control information can be carried by PDCCH or PDSCH, which depends on the payload, reliability, sensitivity to latency and potential standard effort.  
From payload’s perspective, PDCCH would be suitable for side control information with smaller payload around one hundred bits while PDSCH would be desirable for side control information with larger payload. legacy PDCCH can accommodate   tens of bits to around a hundred of bits, e.g., 128 bits for DCI format 2_0. For PDSCH, the payload varies from tens of bits to tens of thousands of bits with 20MHz bandwidth (the maximum payload of SIB PDSCH can also be a reference, i.e., 2976 bits). For some side control information type, e.g., long-term on/off information with only 1 bit for on/off state or beam indication for a set of derived time resources, payload range of legacy PDCCH would be sufficient, while for other side control information type, e.g., a long list of beam indices for a set of explicitly indicated time units with periodicity and offset, legacy PDCCH may not be sufficient. Therefore, PDSCH is more suitable to carry such side control information. Furthermore, if multiple side control information for multiple NCRs under same gNB can be supported, PDSCH may also be a good choice, e.g., similar to multiple RARs for multiple UEs carried by the same PDSCH. 
From latency’s perspective, side control information by PDCCH works in more timely manner than PDSCH, considering only few symbols processing time is needed to decode PDCCH while several slots would be required to decode MAC CE by PDSCH. For side control information which reflects semi-static decision by gNB, e.g., long-term on/off operation or beamforming applied periodically, MAC CE by PDSCH would meet the latency requirement. But for side control information which reflects dynamic scheduling by gNB, e.g., beamforming information for dynamically scheduled UE-specific signals, existing processing latency for MAC CE by PDSCH would be unacceptable.  
From reliability’s perspective, typical target BLER for PDCCH is 1% while target BLER for PDSCH is 10%. If the side control information is tolerable to latency, PDSCH with retransmission may still meet the requirement. If the side control information is sensitive to latency, PDCCH is more desirable though similar BLER as PDCCH can be achieved by PDSCH if sufficiently low coding rate applies. 
Based on analysis above, both PDCCH and PDSCH can be supported for different cases. For PDCCH carrying side control information, a new DCI format different from existing UL grant or DL assignment is required, with newly defined bit field for NCR side control information. To ensure robust performance for PDCCH, it is desirable to keep payload size for the new DCI format no larger than legacy DCI format.  For PDSCH carrying side control information, new MAC CE or RRC signalling should be specified, which is to be handled mainly by RAN2.  
Proposal 5: Support both PDCCH and PDSCH carrying side control information for different information and signalling types, with consideration of payload, latency, reliability and potential standard effort.
· For PDCCH carrying side control information, define a new DCI format by RAN1.   
· For PDSCH carrying side control information, defined new MAC CE or RRC signalling (if supported) by RAN2. 
[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on L1/L2 signaling to carry the side control information. Further, we summarize the proposals as follows:
Proposal 1: For beamforming signalling for access link,
· gNB configures a number of beams with beam type information by L2 signaling. 
· gNB indicates beam indices for time domain resources by L1 or L2 signaling, 
· The granularity for time domain resource can be symbol or slot-level per gNB’s configuration. 
· The time domain resource can be explicitly indicated (similar to multiple SLIVs for multi-PDSCH/PUSCH) or derived according to pre-defined rule (similar to time domain resource for UL CI by DCI format 2_4 or AI by DCI format 2_5).
· NCR can report the supported maximum number of beams and beam types. 
Proposal 2: Additional TCI indication for backhaul can be supported by semi-static signalling. 
Proposal 3: For on/off signalling for NCR-Fwd, the following options can be supported for explicit indication: 
· gNB indicates on or off state by L1 or L2 signalling, which is applicable after the reception of side control information with certain processing latency and until the reception of new side control information. 
· gNB indicates a list of on/off states for a set of time resources by L1 signalling. 
· gNB indicates on/off pattern with periodicity by L2 signalling. 
       For above options, DL/UL link can be indicated together with on/off states. 
Proposal 4: For on/off signalling for NCR-MT, on/off signalling similar to the signalling for NCR-Fwd can be supported. Enhancement of DRX operation with new mechanism to start/restart DRX timers can be considered. 
Proposal 5: Support both PDCCH and PDSCH carrying side control information for different information and signalling types, with consideration of payload, latency, reliability and potential standard effort.
· For PDCCH carrying side control information, define a new DCI format by RAN1.   
· For PDSCH carrying side control information, defined new MAC CE or RRC signalling (if supported) by RAN2. 
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