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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The WI on network controlled repeater was approved in RAN#97-e with following features involving RAN1[1]
	[bookmark: _Hlk118305935]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 signalling 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 signalling for side control information indication
· NOTE: Down-selection of solutions in section 7.2 of TR 38.867 is needed


[bookmark: _Ref129681832]Further in RAN1#110bis-e, some proposals related to configuration of signalling for side control information were agreed [2]. In this contribution, we provide our observations and proposals on other aspects related to signalling of side control information for NCR involving RAN1.
Feedback for side control information 
In RAN1#110bis-e (October) meeting, the following agreements were achieved related to the feedback of side control information from NCR:
	Agreement
[bookmark: _Hlk118308658]HARQ-ACK feedback for PDSCH carrying the side control information from higher layer (e.g., MAC-CE, RRC) is supported. The legacy HARQ-ACK feedback mechanism is reused.
· FFS: Whether HARQ-ACK feedback for PDCCH carrying side control information is supported
· Note: This does not mean all legacy HARQ-ACK feedback mechanism will be supported.

Agreement
PUCCH and PUSCH are supported for NCR-MT.



From the above agreement, HARQ-ACK feedback for PDSCH carrying the SCI from higher layer (e.g., MAC-CE, RRC) is supported. However, the feedback of SCI from L1, i.e., dynamic SCI and carried through PDCCH is also needed. The side control information (SCI) is essential for efficient operation of NCR. However, ambiguity and conflict arise at NCR, when some of the SCI is missed or not decoded correctly at the NCR. E.g., when OFF indication is missed by the NCR. In that case NCR continue in ON state and continue forwarding random signals resulting in interference.
Observation 1: Missing an OFF indication leads to noise amplification and interference 
Similarly, loss of SCI leads to unintended operation at NCR. E.g., when NCR-Fwd is ON and access link beamforming configuration is missed for a time instant then NCR doesn’t know which beam to use for forwarding. Another case is when NCR fail to decode an ON indication, it will continue in OFF state without forwarding the information transmitted by the gNB, resulting in loss of information and performance degradation at UE side. Similarly, there can be unintended SCI receptions at the NCR. E.g., the NCR-Fwd is OFF but receives a beam indication from the gNB. No SCI is expected for time instance when NCR-Fwd is OFF. This may be due to decoding failure of ON indication for the same time instant. Similarly, NCR can receive ON indication when NCR-Fwd is ON, which is unexpected in normal scenario. This may be due to missing of OFF indication in between. 
Observation 2: Conflict and unintended operation occurs at NCR when SCI (e.g., beam indication) is missed or not decoded correctly at the NCR 
Observation 3: Missing ON indication at NCR leads to packet loss and performance degradation at the UEs connected to NCR
Therefore, the gNB should ensure that the NCR is decoding SCI correctly and operating according to the decoded information to serve the connected UEs.  The gNB can monitor the NCR operation based on UE feedback. E.g., if UE has reported NACK for certain time resources, then gNB can identify a problem. However, the gNB cannot identify the failure of a packet is because of error at NCR or UE. Also, monitoring based on UE feedback leads to delay. Hence, the feedback of dynamic SCI, carried through PDCCH, is needed. This helps the gNB in correctly monitoring the operation of NCR and identifying the reason for packet failure or performance degradation at UE side.
[bookmark: _Hlk110934110]Observation 4: Monitoring the NCR operation based on UE feedback leads unnecessary delay and ambiguity at gNB
Proposal 1: HARQ-ACK/NACK feedback for PDCCH carrying side control information is supported
[bookmark: _Hlk110934008]Further, the following issue on enabling the feedback was summarized in RAN1#110bis-e AI 9.8.1 [3]:
	· Issue-4: Enabling of the feedback
One company proposed to discuss the feedback mechanism from NCR to gNB with following options:
· Opt1: NCR sends feedback to gNB based on decoding of SCI
· Opt2: NCR sends feedback to gNB based on NCR-Fwd operation
· Opt3: NCR sends periodic feedback about the operating state to the gNB
From FL’s perspective, it’s reasonable to discuss this aspect to ensure the controllable behaviour of NCR. As part of procedure, this topic can be discussed in AI 9.8.2. 



The feedback from NCR to gNB can be supported in following ways: In one option, the NCR can send ACK/NACK as feedback to gNB based on the decoding of SCI. E.g., if NCR decoded SCI correctly, then ACK is sent to gNB. In another option, the NCR can send feedback after adjusting the NCR-Fwd operation based on SCI received. E.g., an SCI indicate the NCR use beam 2 in access link in slot n. Now, NCR use beam 2 in the access link to forward signal in slot n and signal ACK to the gNB. In another option, the NCR can send feedback of its current operating state periodically to gNB regardless of whether an SCI is received or not. E.g., NCR feeds back the current ON/OFF state of NCR-Fwd periodically. This can help the gNB to monitor the current state of NCR-Fwd and it can trigger an ON indication again if it was missed at NCR.
Proposal 2: Feedback mechanism from NCR to gNB is supported with the following options:
	Opt1: NCR sends feedback to gNB based on decoding of SCI
Opt2: NCR sends feedback to gNB based on NCR-Fwd operation
Opt3: NCR sends periodic feedback about the operating state to the gNB

Conclusion
The following observations and proposals are made in this contribution:
Observation 1: Missing an OFF indication leads to noise amplification and interference 
Observation 2: Conflict and unintended operation occurs at NCR when SCI (e.g., beam indication) is missed or not decoded correctly at the NCR 
Observation 3: Missing ON indication at NCR leads to packet loss and performance degradation at the UEs connected to NCR
Observation 4: Monitoring the NCR operation based on UE feedback leads unnecessary delay and ambiguity at gNB
Proposal 1: HARQ-ACK/NACK feedback for PDCCH carrying side control information is supported
Proposal 2: Feedback mechanism from NCR to gNB is supported with the following options:
	Opt1: NCR sends feedback to gNB based on decoding of SCI
Opt2: NCR sends feedback to gNB based on NCR-Fwd operation
Opt3: NCR sends periodic feedback about the operating state to the gNB
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