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1. Introduction
This contribution will discuss UE features for NR NCR. Some relevant agreements in RAN1#112b-e meeting are listed in the Appendix. 
2. Discussion
2.1 FG 43-1 Basic NCR support
One remaining issue for FG 43-1 is whether to define candidate values for component 5 “Tx/Rx timing determination for backhaul/access link based on Tx/Rx timing of C-link”. 
Since RAN1 has agreed new signaling for internal delay is not needed, we don’t think candidate values are needed. 
	Agreement
Update the agreement achieved in RAN1#109e as follows:
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be is unnecessary.
· FFS: the impact of internal delay


Observation 1: RAN1 has agreed new signaling for internal delay is not needed.
Proposal 1: For FG 43-1, do not define candidate values for component 5 and capability signalling.
· Adopt the following updates (highlighted in green).
	43. NR_netcon_repeater
	43-1
	Basic NCR support [for C-link and backhaul link]
	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
[7. Support of backhaul link beam determination based on predefined rule]
	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 3 candidate values: FFS]
[Component 4 candidate values: FFS]
[Component 5 candidate values: FFS]
	Optional [with/without] capability signaling



2.2 FG 43-3 Aperiodic beam indication for access link
For FG 43-3, one FFS is about candidate values for component 2.
	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


Similar to timeDurationForQCL, the slot-offset k is to define the minimum time duration required by NCR-MT to perform DCI reception and apply the beams indicated by the DCI. So, the candidate values for slot-offset k can be defined with reference to timeDurationForQCL. 
In the legacy, timeDurationForQCL is defined only for FR2. The value range per SCS for FR2-1 is shown in Table 1.
Table 1
	SCS (kHz)
	Value range (number of symbols) of timeDurationForQCL

	60 
	7, 14, 28

	120
	14, 28


Therefore, for slot-offset k, as the starting point, the value range per SCS can be as shown in Table 2, which is simply determined by scaling based on timeDurationForQCL.
Table 2
	SCS (kHz)
	Value range (number of slots) of 
slot-offset k

	15
	1

	30
	1

	60
	1,2

	120
	1, 2


Observation 2: The slot-offset k is to define the minimum time duration in the number of slots required by NCR-MT to perform DCI reception and apply the beams indicated by the DCI. The candidate value for slot-offset k can be defined with reference to timeDurationForQCL.
Proposal 2: For FG 43-3, as the starting point, the candidate values for slot-offset k can be:
· 15 kHz: {1}
· 30 kHz: {1}
· 60 kHz: {1, 2}
· 120 kHz: {1, 2}
2.3 FG 43-8 Adaptive beam
As shown in the table below, the component of FG 43-8 is “Support of backhaul link beam determination based on predefined rule”. And it is FFS whether/how to support candidate values. 
	43. NR_netcon_repeater
	43-1a8
	Adaptive beam for NCR backhaul link[/C-link]
 
	
	1. [Support adaptive beam for NCR C-link]
2. Support [explicit] adaptive beam for NCR backhaul 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}
 
FFS: relation between 43-1a and existing UE features for beam operation
	Optional with capability signaling



The agreements related to the “predefined rule” are as below. In the agreements, the rule highlighted in yellow is common for Rel-15/16 and Rel-17 beam indication framework for C-link, the rule highlighted in pink is dedicated for Rel-15/16 beam indication framework for C-link, and the rule highlighted in cyan is dedicated for Rel-17 beam indication framework for C-link.
	Agreement
The following pre-defined rules are applied to determine the beam for backhaul link:
· In the time domain resource with simultaneous downlink reception or uplink transmission in C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link regardless whether there is beam indicated by the dedicated signal for backhaul link.
· In the time domain resource without simultaneous downlink reception or uplink transmission in C-link and backhaul link, if the NCR does not support capability with the new signalling for backhaul beam indication or if no beam is indicated for backhaul link by the dedicated signal, 
· When Rel-15/16 beam indication framework is used for C-link, 
· The beam determined by QCL assumption for CORESET with the lowest ID and spatial relationship for PUCCH with lowest PUCCH resource ID in the C-link is applied for the DL and UL of backhaul link, respectively.
· When Rel-17 beam indication framework (i.e., unified TCI framework) is used for C-link, the indicated unified TCI for C-link DL and UL is applied for the DL and UL of backhaul link, respectively. [updated by the later agreement]
Otherwise, the beam indicated by the dedicated signalling is applied for backhaul link.
Agreement
In the time domain resource without simultaneous downlink reception or uplink transmission in C-link and backhaul link, if the NCR does not support capability with the new signalling for backhaul beam indication or if no beam is indicated for backhaul link by the dedicated signal, 
· When Rel-17 beam indication framework is used for C-link, 
· If no unified TCI is applied for C-link, the beam determined by QCL assumption for CORESET with the lowest ID and spatial relationship for PUCCH with lowest PUCCH resource ID in the C-link is applied for the DL and UL of backhaul link, respectively. (i.e. same as the default beam defined for Rel-15/16 beam indication framework)
· If there is unified TCI applied for C-link, the indicated unified TCI for C-link DL and UL is applied for the DL and UL of backhaul link, respectively.


It can be observed that the pre-defined rule that should be supported by the NCR can be determined by the capability of C-link. More specifically, if C-link does not support unified TCI, NCR only supports the rule for Rel-15/16 (non-unified TCI state framework), i.e., the rule highlighted in yellow and pink. If C-link supports unified TCI, NCR additionally supports the rule for Rel-17 (unified TCI state framework), i.e., the rule highlighted in cyan. 
Since whether C-link supports unified TCI can be reported by legacy capability signalling and then the exact rule supported by NCR can be determined, we don’t think component candidate values for FG 43-8 are necessary. But some clarification on the relation between this FG and legacy UE feature for unified TCI should be added.
Observation 3: The pre-defined rule that should be supported by the NCR can be determined by the capability of C-link which is reported by legacy capability signaling.
· If C-link does not support unified TCI states, NCR should only support the rule for Rel-15/16 (non-unified TCI state framework). If C-link supports unified TCI states, NCR should additionally support the rule for Rel-17 (unified TCI state framework).
[bookmark: _Hlk134525015]Proposal 3: For FG43-8, do not define component candidate values. And clarify the relation between this FG and legacy UE feature for unified TCI state.
· Adopt the following updates (highlighted in green).
	43. NR_netcon_repeater
	43-1a8
	Adaptive beam for NCR backhaul link[/C-link]
 
	
	1. [Support adaptive beam for NCR C-link]
2. Support [explicit] adaptive beam for NCR backhaul 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}
 If C-link does not support unified TCI, NCR only supports the rule for non-unified TCI framework. If C-link supports unified TCI, NCR additionally supports the rule for unified TCI framework.
FFS: relation between 43-1a and existing UE features for beam operation
	Optional with capability signaling


2.4 FG 43-6 dedicated signaling
As shown in the table below, the component of FG 43-6 is “Support dedicated signalling for backhaul link beam indication”. And it is FFS whether/how to support candidate values. 
	43. NR_netcon_repeater
	43-6
	Dedicated signalling for backhaul link beam indication
	1. Support 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}]
	Optional with capability signaling


Similar to FG 43-8, the exact dedicated signaling that can be optionally supported by NCR is subject to the capability of C-link, according to the following agreement. If C-link does not support unified TCI state, only the dedicated signaling based on Rel-15/16 (i.e., the dedicated signaling for non-unified TCI state case, corresponding to the yellow highlighting) can be optionally supported by NCR. If C-link supports unified TCI states, additionally, the dedicated signaling based on Rel-17 (i.e., the dedicated signaling for unified TCI state case, corresponding to the cyan highlighting) can also be optionally supported by NCR.  
	Agreement
The semi-static beam indication for backhaul link is supported as:
· If the beam indication framework in Rel-15 is used for NCR-MT
· The DL beam is indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link
· The UL beam is indicated by SRI on C-link via MAC CE.
· If the beam indication framework in Rel-17 is used for NCR-MT
· The DL and UL beam are indicated by MAC CE to select one of TCI state ID from the RRC-configured list of beams for C-link


It can be observed that at least for the case the C-link supports unified TCI, candidate values are necessary, because NCR needs to report which type of dedicated signalling is supported. However, for the case the C-link does not support unified TCI, candidate values for FG 43-6 are unnecessary. In this case, once FG 43-6 is supported, it means the NCR supports the dedicated signaling based on Rel-15/16 (i.e., the dedicated signaling for non-unified TCI case). 
Observation 4: For FG 43-6, candidate values {Rel-15/16 (non-unified TCI), Rel-17 (unified TCI), both} are necessary at least for the case when the C-link supports unified TCI. 
Proposal 4: For FG 43-6, define component candidate values and clarify the relation between the candidate values and the legacy UE feature for unified TCI state.
· Adopt the following updates (highlighted in green).
	43. NR_netcon_repeater
	43-6
	Dedicated signalling for backhaul link beam indication
	1. Support 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 (non-unified TCI), Rel-17 (unified TCI), both}]
If C-link does not support unified TCI, the value shall be set as “Rel-15/16 (non-unified TCI)”.
	Optional with capability signaling



3. Conclusion
This contribution discusses UE features for NR NCR, and we have proposals as below. 
FG 43-1
Observation 1: RAN1 has agreed new signaling for internal delay is not needed.
Proposal 1: For FG 43-1, do not define candidate values for component 5 and capability signaling.
· Adopt the following updates (highlighted in green).
	43. NR_netcon_repeater
	43-1
	Basic NCR support [for C-link and backhaul link]
	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
[7. Support of backhaul link beam determination based on predefined rule]
	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 3 candidate values: FFS]
[Component 4 candidate values: FFS]
[Component 5 candidate values: FFS]
	Optional [with/without] capability signaling


FG 43-3
Observation 2: The slot-offset k is to define the minimum time duration in the number of slots required by NCR-MT to perform DCI reception and apply the beams indicated by the DCI. The candidate value for slot-offset k can be defined with reference to timeDurationForQCL.
Proposal 2: For FG 43-3, as the starting point, the candidate values for slot-offset k can be:
· 15 kHz: {1}
· 30 kHz: {1}
· 60 kHz: {1, 2}
· 120 kHz: {1, 2}
FG 43-8
Observation 3: The pre-defined rule that should be supported by the NCR can be determined by the capability of C-link which is reported by legacy capability signaling.
· If C-link does not support unified TCI states, NCR should only support the rule for Rel-15/16 (non-unified TCI state framework). If C-link supports unified TCI states, NCR should additionally support the rule for Rel-17 (unified TCI state framework).
Proposal 3: For FG43-8, do not define component candidate values. And clarify the relation between this FG and legacy UE feature for unified TCI state.
· Adopt the following updates (highlighted in green).
	43. NR_netcon_repeater
	43-1a8
	Adaptive beam for NCR backhaul link[/C-link]
 
	
	1. [Support adaptive beam for NCR C-link]
2. Support [explicit] adaptive beam for NCR backhaul 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}
 If C-link does not support unified TCI, NCR only supports the rule for non-unified TCI framework. If C-link supports unified TCI, NCR additionally supports the rule for unified TCI framework.
FFS: relation between 43-1a and existing UE features for beam operation
	Optional with capability signaling


FG 43-6
Observation 4: For FG 43-6, candidate values {Rel-15/16 (non-unified TCI), Rel-17 (unified TCI), both} are necessary at least for the case when the C-link supports unified TCI. 
Proposal 4: For FG 43-6, define component candidate values and clarify the relation between the candidate values and the legacy UE feature for unified TCI state.
· Adopt the following updates (highlighted in green).
	43. NR_netcon_repeater
	43-6
	Dedicated signalling for backhaul link beam indication
	1. Support 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 (non-unified TCI), Rel-17 (unified TCI), both}]
If C-link does not support unified TCI, the value shall be set as “Rel-15/16 (non-unified TCI)”.
	Optional with capability signaling


Appendix
Agreement
Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	43. NR_netcon_repeater
	43-1
	Basic NCR support [for C-link and backhaul link]
	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
[7. Support of backhaul link beam determination based on predefined rule]
	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 3 candidate values: FFS]
[Component 4 candidate values: FFS]
[Component 5 candidate values: FFS]
	Optional [with/without] capability signaling


Agreement
Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	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

	43. NR_netcon_repeater
	43-7
	Priority flag
	Priority flag for periodic/semi-persistent indication
	43-1, one of 43-2 or 43-4
	N/A
	Yes
	Priority flag is not supported 
	Per NCR-MT
	No
	No
	Yes
	FFS: whether to split this FG into two separate FGs for periodic and semi-persistent indication or whether to merge with FGs 43-2 and 43-4, respectively 
	Optional with capability signaling


 
Agreement
Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown
	43. NR_netcon_repeater
	43-1a8
	Adaptive beam for NCR backhaul link[/C-link]
 
	1. [Support adaptive beam for NCR C-link]
2. Support [explicit] adaptive beam for NCR backhaul 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}
 
FFS: relation between 43-1a and existing UE features for beam operation
	Optional with capability signaling

	43. NR_netcon_repeater
	43-6
	Dedicated signalling for backhaul link beam indication
	1. Support 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}]
	Optional with capability signaling

	43. NR_netcon_repeater
	43-8a
	Explicit beam indication for NCR backhaul link
	Support explicit adaptive beam for NCR backhaul link
	43-8
	N/A
	Yes
	Explicit beam indication for NCR backhaul link is not supported
	Per NCR-MT
	No
	No
	Yes
	
	Optional with capability signaling



2
