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Introduction
In RAN1#111, RAN1 continued the discussion on control plane signaling and procedures to support network-controlled repeaters (NCRs) in NR. Based on the discussion, several agreements were reached [1]. In this contribution, we discuss potential enhancements for the remaining aspects of control plane signaling and procedures and the associated standard impact. 
Discussion
NCRs can be considered as a legacy repeater (relay) node with advanced capabilities supported by the control plane signaling and procedures identified in the WID [2]. These include UL/DL beamforming at the repeater, UL/DL TDD operation, efficient interference/power management via ON-OFF functionality, and time aligning transmission/reception boundaries of the NCR. 
[bookmark: _Hlk111044859]The Behaviour of NCR-Fwd when C-Link is in a BFR/RLF
[bookmark: _Hlk111213804]In RAN1#111[1], the following agreement was made on signalling BFD/BFR/RLF of C-link and NCR-Fwd operation.
	Agreement
As optional functionalities for the NCR-MT, at least Rel-15 legacy BFD/BFR/RLM mechanisms are supported
· FFS: The behavior of NCR-Fwd when BFR/RLF happen in C link.



In the legacy BFR procedure, a UE periodically monitors a set of monitoring beams to identify beam failures and selects a new beam from a set of candidate beams if a beam failure is detected. Selecting a new beam is based on beam measurements performed by the UE on the candidate beam set. Extending legacy BFR procedure directly to monitor candidate beams in a two-hop network, like NCR enabled network, can be challenging. For example, if NCR-Fwd link has N candidate beams and the Access link has M candidate beams, the UE has to monitor total N x M candidate beam combinations to identify a suitable new beam combination for the two links. This can lead to waste of time resources as beam sweeping has to be performed in TDD fashion and introduce unwanted delays in the BFR process. In addition, it should be noted that there can be multiple NCRs within a gNB coverage. Having multiple NCRs associated with a gNB may further increase the resource overhead and may introduce additional latency. 
[bookmark: _Hlk111213830]Observation 1: Extension of the legacy BFR procedure for NCR requires a higher overhead than BFR procedure for traditional networks due to additional beam sweeping of access link beams for each BH-link beam. 
[bookmark: _Hlk111213836][bookmark: _Hlk115189149]Proposal 1: Study efficient BFR procedures for NCR enabled networks, possibly considering the specific characteristics of these networks. 
HARQ ACK/NACK for PDCCH Carrying Side Control Information.
In RAN1#110bis-e [3] the following agreement was made on supporting HARQ ACK/NACK for PDSCH and further study weather to support HARQ ACK/NACK for PDCCH. 
	Agreement
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.




In RAN1#111 [1], whether to support ACK/NACK for PDCCH carrying SCI was extensively discussed. The main motivation to support ACK/NACK for the PDCCH carrying SCI is to avoid the potential misalignment between the gNB and the NCR on the configurations/indications relevant to NCR-Fwd in the case NCR fails to detect the PDCCH. However, as agreed in RAN1#110 [4], the NCR-Fwd is expected to be in “OFF” state unless otherwise explicitly or implicitly indicated by the gNB (default configuration). Further, in RAN1#111 [1], it was agreed for both FR1 and FR2, the “ON” state for NCR-Fwd is indicated via beam indication. This means that if the beam indication is not received properly, the NCR-Fwd will stay at “OFF” state by default configuration. Therefore, the primary use case for PDCCH carrying SCI, the dynamic indication of beam indication, may not create a significant misalignment issue between the gNB and the NCR when the PDCCH is not properly detected by the NCR. Therefore, supporting ACK/NACK for PDCCH carrying SCI is lack motivated.  
Supporting ACK/NACK for PDCCH carrying SCI is also discouraged by several other reasons. First,  by design PDCCH is typically transmitted with high reliability (low MCS, lower coding rate etc.,). Second, as the NCRs are strategically placed by the operators, the C-link between the stationary NCR and the gNB is less susceptible to sudden channel variations that may impact the reliability of PDCCH transmissions. Third, the delay associate with ACK/NACK transmission for PDCCH can significantly undermine the performance gains that can be achieved by enabling NCRs. Any non-delay sensitive SCI can be transmitted by MAC-CE indication, which is already protected by HARQ ACK/NACK. Fourth, misdetection of ACK/NACK at the gNB can also takes place as the UL is likely to be of low-quality when the PDCCH carrying SCI is mis-detected. The ACK/NACK failure also leads to potential misalignment between gNB and NCR on the configurations/indications relevant to NCR-Fwd. Therefore, for the PDCCH carrying SCI, guaranteeing the reliability of the first transmission will be beneficial than an ACK/NACK solution. This can be achieved by using the existing specifications, for example increasing the AL of the corresponding PDCCH. 
[bookmark: _Hlk127525202]Observation 2: For the PDCCH carrying SCI, guaranteeing the reliability of the first transmission will be beneficial than an ACK/NACK solution.
[bookmark: _Hlk127525195]Proposal 2: HARQ ACK/NACK feedback for PDCCH carrying side control information for NCR is not supported. 
ON-OFF Signaling 
In RAN1#109-e [5], ON-OFF signaling for NCR was discussed and the following agreement was made. 
	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.



Further, the following relevant agreements were made in the companion discussion under AI 9.8.1 in RAN1#111 meeting [1].
	Agreement
For FR2, the “ON” state of NCR-Fwd is indicated:
· Alt-2: Implicit indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
Agreement
For FR1, the “ON” state of NCR-Fwd is indicated:
· Alt-2: Indication via the beam indication (i.e., if there is beam indication, the NCR is assumed to be ON over the indicated time domain resource associated with corresponding beam(s))
· When there is only one beam, the sole purpose of the beam indication is for indicating “ON” state of NCR-Fwd



When the NCR-Fwd function is not required, switching off the functionality can improve power saving and help to reduce the interference in NCR enabled networks. While the NCR-Fwd is switched off, the NCR-MT may stay active or stay stand by to receive side control information (SCI) from the gNB. 
Based on the agreements made in RAN1#111 [1], NCR-Fwd “ON” state is to be indicated via beam indication. The requirement and how to handle forwarding of broadcast and cell-specific signals/channels are FFS. 
For forwarding broadcast and cell-specific signals/channels during NCR-Fwd OFF state, the resource used for these signals/channels should be set to ON state. To this end, gNB may use ON-OFF indication via beam indication. 

[bookmark: _Hlk127525220][bookmark: _Hlk115189177]Proposal 3: To switch on NCR-Fwd for forwarding broadcast and cell-specific signals/channels, ON-OFF signaling based on beam indication can be reused. 
[bookmark: _Hlk111044941]Signalling for Timing
In RAN1 #110bis-e [3], the following agreement was made for signaling for timing alignment.
	Agreement
The TA adjustment mechanism of legacy UEs is supported for NCR-MT in C link.



In an NCR enabled network, a UE may receive a transmitted signal from both the NCR and the gNB, simultaneously. Although, this may improve received signal power, the signal received from the NCR will typically travel more distance than the signal received directly from the gNB. In this scenario, the signal from the NCR will act as a delayed path. This phenomenon may result in high delay spread in the overall received signal by the UE. In NR, CP sizes are standardized and may be insufficient to handle the situation where the UE receives signal from both the gNB and the NCR simultaneously. Moreover, the internal delay of the NCR may contribute to increase the delay spread observed by the UE.
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Figure 1 Delay spread characteristics experienced in NCR enabled networks.
[bookmark: _Hlk127525244][bookmark: _Hlk111214039]Observation 3: UE experiences potential high delay spread when receiving signal from both the gNB and the NCR, simultaneously.
Observation 4: The current NR specifications are not efficient to support UEs with high delay spreads experienced in NCR enabled networks.
[bookmark: _Hlk111214047][bookmark: _Hlk115189202]Proposal 4: Study efficient CP size adaptation mechanisms for NCR enabled networks.
Summary
In this contribution, we discussed the issues on control plane signaling and procedures. Based on the discussions, we made following observations and proposals:
Observation 1: Extension of the legacy BFR procedure for NCR requires a higher overhead than BFR procedure for traditional networks due to additional beam sweeping of access link beams for each BH-link beam. 
Observation 2: For the PDCCH carrying SCI, guaranteeing the reliability of the first transmission will be beneficial than an ACK/NACK solution.
Observation 3: UE experiences potential high delay spread when receiving signal from both the gNB and the NCR, simultaneously.
Observation 4: The current NR specifications are not efficient to support UEs with high delay spreads experienced in NCR enabled networks.
Proposal 1: Study efficient BFR procedures for NCR enabled networks, possibly considering the specific characteristics of these networks. 
Proposal 2: HARQ ACK/NACK feedback for PDCCH carrying side control information for NCR is not supported. 
Proposal 3: To switch on NCR-Fwd for forwarding broadcast and cell-specific signals/channels, ON-OFF signaling based on beam indication can be reused.
Proposal 4: Study efficient CP size adaptation mechanisms for NCR enabled networks.
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