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For the work item for NR network-controlled repeater (NCR), the following objectives have been identified [1]:
	The objectives of NR NCR WI follow the recommendations defined in TR 38.867 and will focus on scenarios and assumption listed below:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands based on the NCR model in TR38.867
· For only single hop stationary network-controlled repeaters
· The NCR is transparent to the UE.
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
With these considerations, NR NCR supports the following features:

Specify the signaling 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 signaling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed


In this contribution, we present our views on RAN1 aspects of control plane signaling and procedures. The discussion on side control information and NCR behavior is provided in our companion contribution [2]. 
PDCCH for side control information 
Configuration of PDCCH
Both dynamic and semi-static indication for side control information is supported for NCR. For dynamic indication, PDCCH carrying side control information should be supported. Considering totally different bit field in PDCCH carrying side control information and existing UL grant or DL assignment, introducing a new DCI format is reasonable. The payload of new DCI format can be configurable, and the maximum payload size no larger than existing DCI format is preferred to ensure robust performance for new DCI format, e.g., no larger than 128 bits. The new DCI format at least includes bit field for side control information and bit field for HARQ-ACK feedback (as discussed in section 4, HARQ-ACK feedback is needed), e.g., HARQ-ACK timing bit field and PUCCH resource indication (PRI) bit field, if more than one K1 timing value and PUCCH resource is configured.  
Proposal 1: Support new DCI format for side control information for NCR. 

Multiple side control information types can be configured for NCR, e.g., on/off information and beamforming information. For dynamic indication, single side control information type or multiple side control information types can be carried by a PDCCH. In case of single side control information type per PDCCH, with single new DCI format for all side control information types, mechanism to differentiate side control information type is needed, e.g., a flag bit field in DCI. In case of multiple side control information types per PDCCH, gNB can configure each bit field for each side control information type, similar to existing DCI format 2_0 wherein one or more of SFI, PDCCH switching indication, RB set indication and COT information can be configured in the DCI format 2_0. 
Proposal 2: Support single side control information type or multiple side control information types in a PDCCH per gNB configuration. 
Proposal 3: Support mechanism to differentiate different side control information type by a PDCCH, if an NCR is configured with multiple side control information types and single side control information per PDCCH. 

To control PDCCH monitoring complexity, NR specifies maximum number of monitored PDCH candidates, maximum number of non-overlapped CCE and DCI size budget for a UE. Whether to apply same maximum number for NCR-MT or reduced number can be discussed, with consideration of channel characteristic for C-link, NCR-MT complexity and impact on PDCCH blocking. For DCI size budget, the impact on DCI size alignment should also be considered. For example, to support flexible beamforming for NCR-MT, DCI format 1_1/0_1 is to be configured for NCR-MT. Then, with DCI format 1_0/0_0, DCI format 1_1/0_1 and new DCI format for side control information, small DCI size budget (e.g., N=2) would require DCI size alignment among existing DCI formats or between existing DCI format and new DCI format. 
Proposal 4: Study whether same or smaller DCI size budget, maximum PDCCH monitoring candidates and maximum number of non-overlapped CCE as legacy UE is supported by NCR. FFS DCI size alignment. 

Beam information carried by PDCCH 
As discussed in our companion contribution [2], beam information for access link can be carried by PDCCH. The PDCCH indicates time domain resources and beam indices. For indicate time domain resources and beam indices, following signaling options can be considered, 
· Option 1: Joint configuration for time domain resources and beam indices by higher-layer signaling, and gNB indicates one set of time domain resources and beam indices by set index in a PDCCH. As shown in table 1 below, gNB configures 64 sets of time domain resources and beam indices, wherein each set consists of Ni time domain resources and Ni beam indices, the value of Ni can be same or different for different set i.  gNB indicates one of 64 sets by 8 bits in a PDCCH.  

Table 1 Joint indication of time domain resources and beam indices

	Sets of time domain resources and beam indices
	Time domain resources
	Beam indices

	1st set (bit value = 00000000)
	A list of time domain resources with N1 starting symbol/slot and duration
	A list of N1 beam indices 

	2nd set (bit value = 00000001)
	A list of time domain resources with N2 starting symbol/slot and duration
	A list of N2 beam indices

	… 
		…
	…

	64th set (bit value = 11111111)
	A list of time domain resources with N64starting symbol/slot and duration
	A list of N64 beam indices



· Option 2: Separate configuration for time domain resources and beam indices by higher-layer signaling, and gNB indicates time domain resources and beam indices by different bit fields in a PDCCH. Table 2 provides an example. 
gNB configures X1=16 sets of time domain resources and X2=64 sets of beam indices, wherein each set of time domain resources consists of Ni time domain resources and each set of beam indices consists of Mj beam indices.  gNB indicates one of X1 sets by log2 (X1) bits and one of X2 sets by log2 (X2) bits in a PDCCH. For better flexibility, the value of Ni and Mi can be different, and the minimum of Ni and Mj is the number of time domain resources and beam indices to be used, e.g., if Ni=5 and Mj=4, 4 beam indices are applied to the first 4 time domain resources for NCR. 

Table 2-1 & Table 2-2 Separate configuration and indication for time domain resources and beam indices
	Table 2-1 for time domain resources
	Table 2-2 for beam indices

		Sets of time domain resources (X1 =16) 
	Time domain resources

	1st set (bit value = 0000)
	A list of time domain resources with N1 starting symbol/slot and duration

	2nd set (bit value = 0001)
	A list of time domain resources with N2 starting symbol/slot and duration

	… 
		…

	16th set (bit value = 1111)
	A list of time domain resources with N16 starting symbol/slot and duration

	N/A
	N/A

	N/A
	N/A



		Sets of beam indices
(X2=64)
	Beam indices

	1st set (bit value = 00000000)
	A list of M1 beam indices 

	2nd set (bit value = 00000001)
	A list of M2 beam indices

	…
	…

	16th set (bit value = 00001111)
	A list of M16 beam indices

	…
	…

	64th set (bit value = 11111111)
	A list of M64 beam indices






                            

Proposal 5: Study whether joint configuration and indication for time domain resources and beam indices or separate configuration and separate indication for time domain resources and beam indices by different bit field in a PDCCH. 

For the time domain resource indication, starting symbol/slot and duration is configured with reference to a time instant. The reference time instant can be a configured SFN or SFN 0 (similar to Type-1 CG PUSCH TDRA configuration), or the slot with side control information reception, or the slot with HARQ-ACK feedback of the side control information, or the earliest slot after the application time.
Proposal 6: Study the reference time instant for starting symbol/slot for time domain resource indication, e.g., the reference time instant can be a configured SFN or SFN 0, or the slot with side control information PDCCH reception, or the slot with HARQ-ACK feedback of the side control information, or the earliest slot after the application time.
On/off information carried by PDCCH 
For on/off information by PDCCH, multiple sets of time domain resources can be configured and one set is indicated by PDCCH for on/off operation. To save signaling overhead, ‘on’ state can be assumed for the time domain resources without a separate bit field for on or off state indication in the PDCCH at least for semi-static indication. However, gNB cannot dynamically change a semi-static on symbol into off state or change a semi-static off symbol into on state by such signaling design.  If dynamic overriding is to be supported, the ‘on’ or ‘off’ state should be indicated together with the set of time domain resources. Still, a symbol without any on/off control information is assumed to be ‘off’. 
Proposal 7: Study whether on/off state is always assumed as ‘on’ for a set of time domain resources indicated by on/off side control information carried by PDCCH. 

For multi-passband on/off operation, a PDCCH can indicate on/off states for multiple carriers by a single side control information. The PDCCH can indicate separate time domain resources for different carrier group by separate bit field respectively in the PDCCH.  
Proposal 8: Support on/off indication for multiple carrier groups within a PDCCH. Separate f time domain resources for different carrier groups can be indicated by the PDCCH. 
PDSCH for side control information 
For semi-static indication, PDSCH carrying side control information by MAC-CE or RRC signaling should be supported. In general, RRC signaling is sufficient for control of NCR behaviour at slow time scale, e.g., for semi-static TDD configuration, establishment of spatial relation between different beams with different beamwidth, periodic beam pattern at least for broadcast channel and also long-term on/off operation, while MAC CE can support relatively faster time scale control (but still much slower than dynamic control by PDCCH), e.g., activation of a subset of beams for access link or indication of a beam for backhaul link. 
For beam information for access link carried by PDSCH, a set of time domain resource with a list of starting symbols/slots and durations with periodicity and a list of beam indices is configured. For beam information for backhaul link carried by PDSCH, beam information is configured without time domain resource. The indicated beam is applied until a new indication is received. 
For on/off information carried by PDSCH, a set of time domain resource with a list of starting symbols/slots and durations with periodicity and a list of on/off states is configured. Besides, a on or off state can be configured without time domain resource. The indicated on or off state applies until a new indication is received. 
Proposal 9: Support semi-static indication for side control information by MAC-CE or RRC signaling by a PDSCH. FFS details for each side control information by MAC-CE and/or RRC signaling.   
HARQ-ACK feedback for side control information 
It is important for gNB to know whether NCR correctly receives side control information, for both PDCCH and PDSCH case, thus HARQ-ACK feedback should be supported. Considering limited side control information PDCCH or PDSCH within a time period, single HARQ-ACK bit in a PUCCH would be sufficient, thus no need of legacy HARQ-ACK codebook (e.g., Type-1 or Type-2 HARQ-ACK codebook). 
Proposal 10: Support HARQ-ACK feedback for PDSCH and PDCCH carrying side control information. Support single bit HARQ-ACK feedback in a PUCCH.

In addition to HARQ-ACK feedback, CSI feedback can be considered for adaptive beamforming for backhaul link, while SR is not needed considering NCR-MT may not have its own UL traffic.  
Others 
As the function of NCR-MT is to communicate with gNB to enable the information change, it is clear that the NCR-MT does not have to support all of the mandatory functionality of a UE.  For example, HO is not supported for the NCR. Thus, only a subset of existing mandatory UE feature needs to be supported by NCR.  Details can be discussed in a later phase of the WI. 
Proposal 11: It is not essential to support of all mandatory features for an NCR-MT.  This can be discussed in a later phase of the WI.   
To enable efficient control for NCR by gNB, some kinds of NCR report is helpful. NCR can at least report beam characteristics for access link so that gNB can decide a proper beam configuration for NCR, including number of supported beams, beam type information (e.g., beam width), spatial relation information (e.g., intended direction/coverage and relation between beams with different beam types). For multi-passband case, NCR can report supported operating band(s) and passband(s) information so that gNB can decide the carrier groups for independent on/off operation [2]. Besides, whether simultaneous UL transmission in C-link and backhaul-link can be reported by NCR.  
Proposal 12: Support NCR capability report at least for beam relevant information including number of beams, beam width and spatial relation information, passband information and whether capable of simultaneous UL transmission in C-link and backhaul-link. 
[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on RAN1 aspects for control plane signaling and procedures. Further, we summarize the proposals as follows:
Proposal 1: Support new DCI format for side control information for NCR. 
Proposal 2: Support single side control information type or multiple side control information types in a PDCCH per gNB configuration. 
Proposal 3: Support mechanism to differentiate different side control information type by a PDCCH, if an NCR is configured with multiple side control information types and single side control information per PDCCH. 
Proposal 4: Study whether same or smaller DCI size budget, maximum PDCCH monitoring candidates and maximum number of non-overlapped CCE as legacy UE is supported by NCR. FFS DCI size alignment. 
Proposal 5: Study whether joint configuration and indication for time domain resources and beam indices or separate configuration and separate indication for time domain resources and beam indices by different bit field in a PDCCH. 
Proposal 6: Study the reference time instant for starting symbol/slot for time domain resource indication, e.g., the reference time instant can be a configured SFN or SFN 0, or the slot with side control information PDCCH reception, or the slot with HARQ-ACK feedback of the side control information, or the earliest slot after the application time.
Proposal 7: Study whether on/off state is always assumed as ‘on’ for a set of time domain resources indicated by on/off side control information carried by PDCCH. 
Proposal 8: Support on/off indication for multiple carrier groups within a PDCCH. Separate f time domain resources for different carrier groups can be indicated by the PDCCH. 
Proposal 9: Support semi-static indication for side control information by MAC-CE or RRC signaling by a PDSCH. FFS details for each side control information by MAC-CE and/or RRC signaling.  
Proposal 10: Support HARQ-ACK feedback for PDSCH and PDCCH carrying side control information. Support single bit HARQ-ACK feedback in a PUCCH.
Proposal 11: It is not essential to support of all mandatory features for an NCR-MT.  This can be discussed in a later phase of the WI.   
Proposal 12: Support NCR capability report at least for beam relevant information including number of beams, beam width and spatial relation information, passband information and whether capable of simultaneous UL transmission in C-link and backhaul-link. 
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