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1 Introduction
In this contribution, our views on capabilities for NR network-controlled repeater (NCR) are presented.

2 Discussion
	
In RAN1#112b-e [1], the initial framework of for NR NCR feature is agreed. Further change / revision based on the framework is discussed as follows.
	43. NR_netcon_repeater
	43-1
	Basic NCR support
	1. Support of fixed beam for C-link/backhaul link
2. Support of TDMed UL transmission of C-link and backhaul link
3. Support of ON-OFF operation for NCR-Fwd based on access link beam indication
4. Support of TDD UL/DL determination for backhaul/access link based on TDD UL/DL configuration of C-link
5. [Support of] Tx/Rx timing determination for backhaul/access link based on Tx/Rx timing of C-link
6. Support of beam correspondence of the DL/UL of the access link at NCR-Fwd
	FFS
	N/A
	Yes
	NCR is not supported 
	Per NCR-MT
	No
	No
	Yes
	A NCR-MT that includes ncr-NodeIndication in RRC Setup Complete must support FG 43-1
[Component 5 candidate values: FFS]
	Optional [with/without] capability signaling



In RAN1#112bis-e, FG 43-1 is agreed as above. One FFS part is the aspect of internal delay. Basically, the DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT by the internal delay; and UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT by the internal delay. For the internal delay, it is beneficial for gNB to acquire the information on DL/UL internal delay of NCR. By knowing the value of DL/UL internal delay, gNB can identify whether a UE is being served by the NCR more accurately. Hence, it is preferable to introduce the indication of internal delay in FG 43-1 component 5. For simplicity, same DL internal delay and UL internal delay can be assumed. Also, a number of candidate values for internal delay are provided.
Proposal 1: Adopt FG 43-3 with the following modification (i.e., confirm component 2 and the corresponding candidate values).
	43. NR_netcon_repeater
	43-1
	Basic NCR support
	1. Support of fixed beam for C-link/backhaul link
2. Support of TDMed UL transmission of C-link and backhaul link
3. Support of ON-OFF operation for NCR-Fwd based on access link beam indication
4. Support of TDD UL/DL determination for backhaul/access link based on TDD UL/DL configuration of C-link
5. Support of Tx/Rx timing determination for backhaul/access link based on Tx/Rx timing of C-link
6. Support of beam correspondence of the DL/UL of the access link at NCR-Fwd
	FFS
	N/A
	Yes
	NCR is not supported 
	Per NCR-MT
	No
	No
	Yes
	A NCR-MT that includes ncr-NodeIndication in RRC Setup Complete must support FG 43-1
Component 5 candidate values: {0, 5, 10} microseconds for both DL internal delay and DL internal delay.
	Optional with capability signaling



As agreed in RAN1#112bis-e, FG 43-2, FG 43-3 and FG 43-4 is agreed as follows.
	43. NR_netcon_repeater
	43-2
	Periodic beam indication for access link
	1.Support periodic beam indication for access link
2. Priority flag for periodic indication
	43-1
	N/A
	Yes
	
	NCR-MT cannot decode the periodic beam indication
	Per NCR-MT
	No
	No
	Yes
	Note: at least one of FGs 43-2, 43-3, 43-4 will be merged with 43-1, FFS which one
	Optional with capability signaling

	43. NR_netcon_repeater
	43-3
	Aperiodic beam indication for access link
	1.Support aperiodic beam indication for access link
[2. Supported slot-offset k values for reference slot]
	43-1
	N/A
	Yes
	
	NCR-MT cannot decode the aperiodic beam indication
	Per NCR-MT
	No 
	No 
	Yes
	Note: at least one of FGs 43-2, 43-3, 43-4 will be merged with 43-1, FFS which one
 FFS: component 2 candidate values
	Optional with capability signaling

	43. NR_netcon_repeater
	43-4
	Semi-persistent beam indication for access link
	1.Support semi-persistent beam indication for access link
2. Priority flag for semi-persistent indication
	43-1
	N/A
	Yes
	
	NCR-MT cannot decode the semi-persistent beam indication
	Per NCR-MT
	No 
	No 
	Yes
	Note: at least one of FGs 43-2, 43-3, 43-4 will be merged with 43-1, FFS which one
	Optional with capability signaling



For FG 43-3, a further study point is whether k is defined by NCR-MT capability and/or declared by vendor (k is the slot offset between the reference of slot offset for each time resource and the slot that NCR-MT receive the DCI carrying the indication). In our view, k should be subject to NCR-MT capability. A value set for k can be larger than that of a similar UE capability for DCI processing (e.g., parameter N_pdsch) in order to support simplified implementation of NCR and/or to incorporate beam switching delay of the NCR-Fwd (e.g., parameters timeDurationForQCL or beamAppTime). Hence the proposed modification for FG 43-3 and the candidate values for k are provided as below.
Proposal 2: Adopt FG 43-3 with the following modification (i.e., confirm component 2 and the corresponding candidate values).
	43. NR_netcon_repeater
	43-3
	Aperiodic beam indication for access link
	1.Support aperiodic beam indication for access link
2. Supported slot-offset k values for reference slot per SCS of NCR-MT
	43-1
	N/A
	Yes
	NCR-MT cannot decode the aperiodic beam indication
	Per NCR-MT
	No 
	No 
	Yes
	Note: at least one of FGs 43-2, 43-3, 43-4 will be merged with 43-1, FFS which one
Component 2 candidate values: 
{0, 1, 2, 3, 4, 5, 6} slots for the SCS of 15 kHz and 30 kHz;
{1,2, 3, 4, 5, 6, 7, 8, 9, 16, 17, 24, 25} slots for the SCS of 60kHz;
{2,3,4, 5, 6, 7, 8, 9, 16, 17, 24, 25} slots for the SCS of 120kHz.
	Optional with capability signaling



For FG 43-4, the separation of FG 43-4 and FG 43-4a is unnecessary. Beam index update is a natural part of semi-persistent beam indication and it is up to gNB to decide whether to use this feature or not. Hence, we propose the following modification of FG 43-4 to include FG 43-4a.
Proposal 3: Adopt FG 43-4 with the following modification (i.e., adding component 3).
	43. NR_netcon_repeater
	43-4
	Semi-persistent beam indication for access link
	1.Support semi-persistent beam indication for access link
2. Priority flag for semi-persistent indication
3. Beam index updates for semi-persistent beam indication
	43-1
	N/A
	Yes
	NCR-MT cannot decode the semi-persistent beam indication
	Per NCR-MT
	No 
	No 
	Yes
	Note: at least one of FGs 43-2, 43-3, 43-4 will be merged with 43-1, FFS which one
	Optional with capability signaling



Another FFS point for FG 43-2, FG 43-3 and FG 43-4 is that whether/how these FGs can be merged to FG 43-1. In our view, to avoid the fragmentation of NCR capability, all of FG 43-2, FG 43-3 and FG 43-4 should be merged into FG 43-1.
Proposal 4: Merge all of FG 43-2, FG 43-3 and FG 43-4 into FG 43-1.

In RAN1#112bis-e, FG 43-6 and FG 43-8 were agreed as follows.
	43. NR_netcon_repeater
	43-6
	Dedicated signalling for backhaul link beam indication
	
	43-1, 43-8
	N/A
	Yes
	Dedicated signalling for backhaul link beam indication is not supported
	Per NCR-MT
	No
	No
	Yes
	[Component candidate values: {Rel-15/16, Rel-17, both}]
	Optional with capability signaling

	43. NR_netcon_repeater
	43-8
	Adaptive beam for NCR backhaul link/C-link
	Support of backhaul link beam determination based on predefined rule
	43-1, 2-2,2-4, 2-4a
	N/A
	Yes
	The beam for backhaul link and C-link is fixed.
	Per NCR-MT
	No
	No
	Yes
	FFS: Component candidate values: {Rel-15/16, Rel-17, both}
	Optional with capability signaling



The remaining discussion point for FG 43-6 and FG 43-8 is the corresponding component candidate values. For FG 43-8, it is preferred to confirm the FFS part since it is straightforward to use explicit indication rather than implicit determination of the supported beam indication framework from legacy MIMO FGs. For FG 43-6, it is preferred to confirm the FFS part similar as FG 43-8. In addition, a note can be added to FG 43-6 that the reported candidate values of FG 43-6 should be same as or a subset of the reported candidate values of FG 43-8. Hence, we propose the following modifications.
Proposal 5: Adopt FG 43-6 and FG 43-8 with the following modification.
	43. NR_netcon_repeater
	43-6
	Dedicated signalling for backhaul link beam indication
	
	43-1, 43-1a8
	N/A
	Yes
	Dedicated signalling for backhaul link beam indication is not supported
	Per NCR-MT
	No
	No
	Yes
	Component candidate values: {Rel-15/16, Rel-17, both}
Note: the reported value should be same as or a subset of reported value of FG 43-8.
	Optional with capability signaling

	43. NR_netcon_repeater
	43-8
	Adaptive beam for NCR backhaul link/C-link
	Support of backhaul link beam determination based on predefined rule
	43-1, 2-2,2-4, 2-4a
	N/A
	Yes
	The beam for backhaul link and C-link is fixed.
	Per NCR-MT
	No
	No
	Yes
	Component candidate values: {Rel-15/16, Rel-17, both}
	Optional with capability signaling



[bookmark: _Hlk131521200][bookmark: _Hlk131644257][bookmark: _Hlk131644303]As agreed in RAN1#110b-e, it is subject to NCR capability to support simultaneous transmission of the UL of C-link and UL of backhaul link. In addition, TDMed UL transmission of C-link and backhaul link was agreed as default capability. For an NCR that supports simultaneous transmission of the UL of C-link and UL of backhaul link, an additional capability for NCR power needs to be considered. The NCR power capability is to indicate whether the NCR: (i) is not subject to a joint power limit across the C-link and BH-link (e.g., using separate PAs / power resources for the C-link and BH-link), or (ii) is subject to a joint power limit across the C-link and BH-link and supports power sharing when power limited, or (iii) is subject to a joint power limit across the C-link and BH-link and does not support power sharing when power limited (e.g., transmit only one of C-link or BH-link when power limited). In our view, NCR capability (i), herein referred to as Type-1 NCR, should not be considered as the only/baseline implementation for an NCR with simultaneous transmission of the UL of C-link, as it is not economical to allocate a dedicated PA / power resource for NCR-MT which is infrequently used for control signaling only. A more reasonable NCR implementation can use a shared PA / power resource for both NCR-MT and NCR-Fwd with basic power sharing capability, such as NCR capabilities (ii) and (iii), herein referred to as Type-2 and Type-3 NCR, respectively. Corresponding NCR behavior can be further discussed.
Proposal 6: Introduce a new component in FG 43-5 to indicate the supported power allocation / sharing method between the C-link and the backhaul link.
	43. NR_netcon_repeater
	43-5
	1. Simultaneous UL transmission of backhaul link and C-link
2. Power allocation/sharing between C-link and B-link of an NCR
	1. Simultaneous UL transmission of backhaul link and C-link
	43-1
	N/A
	Yes
	NCR only supports TDMed UL transmission of C-link and backhaul link
	Per NCR-MT
	No
	No
	Yes
	Component candidate values: {Type 1, Type 2, Type 3}
Note:
For Type 1, NCR is not subject to a joint power limit across the C-link and BH-link. 
For Type 2, is subject to a joint power limit across the C-link and BH-link and supports power sharing when power limited.
For Type 3, is subject to a joint power limit across the C-link and BH-link and does not support power sharing when power limited. 
	Optional with capability signaling




3 Conclusion
The observations and proposals made in this contribution are summarized below.
Proposal 1: Adopt FG 43-3 with the following modification (i.e., confirm component 2 and the corresponding candidate values).
	43. NR_netcon_repeater
	43-1
	Basic NCR support
	1. Support of fixed beam for C-link/backhaul link
2. Support of TDMed UL transmission of C-link and backhaul link
3. Support of ON-OFF operation for NCR-Fwd based on access link beam indication
4. Support of TDD UL/DL determination for backhaul/access link based on TDD UL/DL configuration of C-link
5. Support of Tx/Rx timing determination for backhaul/access link based on Tx/Rx timing of C-link
6. Support of beam correspondence of the DL/UL of the access link at NCR-Fwd
	FFS
	N/A
	Yes
	NCR is not supported 
	Per NCR-MT
	No
	No
	Yes
	A NCR-MT that includes ncr-NodeIndication in RRC Setup Complete must support FG 43-1
Component 5 candidate values: {0, 5, 10} microseconds for both DL internal delay and DL internal delay.
	Optional with capability signaling



Proposal 2: Adopt FG 43-3 with the following modification (i.e., confirm component 2 and the corresponding candidate values).
	43. NR_netcon_repeater
	43-3
	Aperiodic beam indication for access link
	1.Support aperiodic beam indication for access link
2. Supported slot-offset k values for reference slot per SCS of NCR-MT
	43-1
	N/A
	Yes
	NCR-MT cannot decode the aperiodic beam indication
	Per NCR-MT
	No 
	No 
	Yes
	Note: at least one of FGs 43-2, 43-3, 43-4 will be merged with 43-1, FFS which one
Component 2 candidate values: 
{0, 1, 2, 3, 4, 5, 6} slots for the SCS of 15 kHz and 30 kHz;
{1,2, 3, 4, 5, 6, 7, 8, 9, 16, 17, 24, 25} slots for the SCS of 60kHz;
{2,3,4, 5, 6, 7, 8, 9, 16, 17, 24, 25} slots for the SCS of 120kHz.
	Optional with capability signaling



Proposal 3: Adopt FG 43-4 with the following modification (i.e., adding component 3).
	43. NR_netcon_repeater
	43-4
	Semi-persistent beam indication for access link
	1.Support semi-persistent beam indication for access link
2. Priority flag for semi-persistent indication
3. Beam index updates for semi-persistent beam indication
	43-1
	N/A
	Yes
	NCR-MT cannot decode the semi-persistent beam indication
	Per NCR-MT
	No 
	No 
	Yes
	Note: at least one of FGs 43-2, 43-3, 43-4 will be merged with 43-1, FFS which one
	Optional with capability signaling



Proposal 4: Merge all of FG 43-2, FG 43-3 and FG 43-4 into FG 43-1.
Proposal 5: Adopt FG 43-6 and FG 43-8 with the following modification.
	43. NR_netcon_repeater
	43-6
	Dedicated signalling for backhaul link beam indication
	
	43-1, 43-1a8
	N/A
	Yes
	Dedicated signalling for backhaul link beam indication is not supported
	Per NCR-MT
	No
	No
	Yes
	Component candidate values: {Rel-15/16, Rel-17, both}
Note: the reported value should be same as or a subset of reported value of FG 43-8.
	Optional with capability signaling

	43. NR_netcon_repeater
	43-8
	Adaptive beam for NCR backhaul link/C-link
	Support of backhaul link beam determination based on predefined rule
	43-1, 2-2,2-4, 2-4a
	N/A
	Yes
	The beam for backhaul link and C-link is fixed.
	Per NCR-MT
	No
	No
	Yes
	Component candidate values: {Rel-15/16, Rel-17, both}
	Optional with capability signaling



Proposal 6: Introduce a new component in FG 43-5 to indicate the supported power allocation / sharing method between the C-link and the backhaul link.
	43. NR_netcon_repeater
	43-5
	1. Simultaneous UL transmission of backhaul link and C-link
2. Power allocation/sharing between C-link and B-link of an NCR
	1. Simultaneous UL transmission of backhaul link and C-link
	43-1
	N/A
	Yes
	NCR only supports TDMed UL transmission of C-link and backhaul link
	Per NCR-MT
	No
	No
	Yes
	Component candidate values: {Type 1, Type 2, Type 3}
Note:
For Type 1, NCR is not subject to a joint power limit across the C-link and BH-link. 
For Type 2, is subject to a joint power limit across the C-link and BH-link and supports power sharing when power limited.
For Type 3, is subject to a joint power limit across the C-link and BH-link and does not support power sharing when power limited. 
	Optional with capability signaling
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