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1. [bookmark: _Ref18181][bookmark: _Ref54269283]Introduction
In RAN#97e meeting, following objectives related to the signaling and procedures are listed in the WID on NR network-controlled repeaters [1]. 
Specify control plane signaling 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, other aspects including control plane signaling and procedures relevant to RAN1 are discussed.
1. Discussion on control plane signalling and procedures
1. HARQ-ACK feedback for PDCCH
In RAN1#110bis-e meeting, the following agreement has been made:
	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.


As we all know, NCR is a network node to assist gNB to improve coverage and one of essential benefit of NCR is to enable the network-controlled amplify-forwarding behavior compared to the legacy RF repeater. To achieve this purpose, it’s essential to ensure the NCR under full control of gNB without any exception. Otherwise, there would be misalignment between gNB and NCR which may cause the NCR useless or even degrading the overall performance until NCR receives next indication. 
Following this logic, it’s obvious that the HARQ-ACK feedback should be supported for all signaling carrying the side control information, including the PDCCH carrying side control information, which is FFS. In last meeting, some companies argued that DCI based dynamic side control information may require lower latency compared with MAC CE or RRC based SCI and no ACK/NACK is needed, however, compared with latency, the reliability of side control information should be firstly guaranteed, otherwise it’s meaningless to achieve such latency if NCR is out of control. Therefore, the HARQ-ACK feedback for PDCCH should also be supported.
Regarding the comments that the DCI can always be detected in NCR case, in our view, it depends on whether the typical deployment scenario of NCR can satisfy the performance requirements for PDCCH. 
According the UE performance requirements defined by RAN4 in TS 38.101-4 [2] the minimum requirements for PDCCH in FR1 and FR2 with 1T2R are summarized in the below table, it can be observed that in FR1 the minimum SNR is {-3.8, 3.0, 7.0} dB for different aggregation levels, and in FR2 the minimum SNR is {3.0, 6.4} dB for different aggregation levels.
Table 1 Minimum performance requirements for PDCCH
	
	FR1
	FR2

	Aggregation level
	2
	4
	16
	2
	4

	SNR(dB)
	7.0
	3.0
	-3.8
	6.4
	3.0


Based on evaluation in previous meeting [3][4], the performance of UEs with or without NCRs in FR1 and FR2 is shown in Figure 2, it can be observed that in FR1 the SINR of approximately 70% UEs is less than 7dB and in FR2 the SINR of approximately 60% UEs is less than 6.4dB. It should also be noticed that NCR is probably to be deployed in the areas around the coverage hole, which means that NCR-MT may suffer similar radio quality with these UEs in low tail range. If the control of NCR is not reliable, incorrect beamforming or unintended ON state would make NCR produce additional noise/interference to the coverage hole and failed to deliver the expected signaling, as a consequence, the coverage issue would be even more severe.
	

 (A) FR1
	

 (B) FR2


[bookmark: _Ref101971037]Figure 2 Performance of NCR in FR1 and FR2
Observation 1: Since NCR is probably deployed to fix the coverage hole, the radio quality does not always satisfy the performance requirement for PDCCH carrying side control information.
With above analysis, from both feasibility and necessity perspective, HARQ-ACK feedback for PDCCH carrying side control information should be supported. In addition, the detailed timeline for HARQ-feedback can be found in [6].
Proposal 1: HARQ-ACK feedback for PDCCH carrying side control information is supported.
Regarding the details mechanism to enable this feature, in last meeting, some companies also raise the concern on the spec impact of introducing HARQ-ACK feedback for PDCCH. Actually, the legacy spec already supports HARQ-ACK feedback for PDCCH, e.g. SPS PDSCH release or TCI state update as listed below [5], such mechanism can be directly reused for DCI carrying side control information for NCR without additional updates. 
	A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release or TCI state update only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format or provided by dl-DataToUL-ACK or dl-DataToUL-ACK-r16 or dl-DataToUL-ACK-DCI-1-2 or dl-DataToUL-ACK-r17 or dl-DataToUL-ACK-DCI-1-2-r17 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format as described in clause 9.2.3.


Proposal 2: To support the HARQ-ACK feedback for PDCCH carrying SCI, the legacy mechanism to enable the HARQ-ACK feedback for SPS PDSCH release or TCI state update can be reused.
1. NCR MT capability for C-link
NCR capability mainly consists of 2 parts, NCR-MT capability for C-link and NCR-Fwd capability for F-link. In this section, we only focus on the NCR-MT capability for C-link.
Regarding the capability report for C-link, it’s simple and straightforward to reuse the capability report method for legacy UE, i.e. after NCR-MT establishes RRC connection, NCR-MT reports its capability for C-link via RRC signaling to gNB.
Proposal 3: Legacy capability reporting mechanism is reused at least to report the NCR-MT capability.
Generally, NCR MT is assumed to have simplified functionalities compared to UE and it does not need to support some functions, e.g. mobility, high modulation orders, since NCR is a fixed node and the data exchange between NCR and gNB is quite limited. Even for Rel-15 mandatory features, it’s also not necessary to support all of them for NCR MT, e.g. 64QAM seems not needed since the only DL transmission might be the side control information, which may only contain beam information, ON-OFF information and potentially TDD information. 
	Agreement
The following aspects should be NCR capability:
· Simultaneous UL transmission of C-link and backhaul link
· Adaptive beam for C-link/backhaul-link
· Note-1: Fixed beam for C-link/backhaul link is default capability
· Note-2: TDMed UL transmission of C-link and backhaul link is default capability.
· FFS: How to define the capability for adaptive beam for C-link/backhaul-link


Besides, according to the agreement made in last meeting, fixed beam for C-link is default NCR capability, and adaptive beam can be optionally supported as indicated via capability report. Then, beam related capability, e.g. FG 2-22 aperiodic beam report and FG 2-52 SRS transmission, can be optional feature depending on whether NCR supports adaptive beam for C-link.  Therefore, to achieve lower complexity for NCR MT, it’s suggested that Rel-15 mandatory features may be further reduced for NCR-MT.
Proposal 4: The support of adaptive beam for C-link and simultaneous UL transmission of C-link and backhaul link should be part of NCR MT capability.
Proposal 5: The beam related mandatory feature for Rel-15 UE can be defined as optional feature for NCR-MT, which will be supported along with the support of adaptive beam.
1. NCR status report
As a RAN node, the NCR needs to report its working status to the gNB for reliable forwarding operation. For example, the NCR may report malfunction like RF fault or overheat. From the viewpoint of signaling, the status report for abnormality can be carried by PUCCH due to limited bit size required. 
Proposal 6: Status report via PUCCH is supported for NCR-MT at least to inform the abnormality to gNB.
1. The behavior of NCR-Fwd when BFR/RLF happen in C link
In RAN1#111, the following agreement has been achieved for the BFD/BFR/RLM and an FFS part needs to be resolved.
	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.


According to the agreement in RAN2#120, the behavior of NCR-Fwd when RLF happens in C-link for NCR-MT has been defined, so the only leftover issue is the behavior of NCR-Fwd when BFR happens in C link.
	Agreement in RAN2#120
On NCR-MT RLF:
· After RLF is declared by NCR-MT, NCR-MT performs cell selection and trigger RRC re-establishment;
· If NCR-MT enters RRC_IDLE due to no suitable cell is find, NCR-Fwd is OFF;
· During RRC re-establishment procedure, NCR-Fwd is OFF.


Similar as RLF, when BFR happens in NCR-MT, it means the beam of C-link is not reliable, further if backhaul link and C-link share the same RF component, obviously the beam of backhaul link cannot be used as well, in this case the NCR-Fwd should be turned OFF. In addition, even if backhaul link and C-link have separate RF, during NCR-MT in BFR, NCR-MT cannot receive the side control information from gNB, it’s not clear whether gNB tries to indicate the beam or ON-OFF information during NCR-MT in BFR, therefore the forwarding may not be operated in the appropriate configuration. To avoid NCR-Fwd producing interference by applying inaccurate side control information, it’s safer to turn off the NCR-Fwd when BFR happens in C link.
Proposal 7: NCR-Fwd is OFF when BFR happens in C link.
1. Conclusions
In this contribution, the views on other aspects including control plane signalling and procedures relevant to RAN1 are elaborated with following proposals:
Observation 1: Since NCR is probably deployed to fix the coverage hole, the radio quality does not always satisfy the performance requirement for PDCCH carrying side control information.
Proposal 1: HARQ-ACK feedback for PDCCH carrying side control information is supported.
Proposal 2: To support the HARQ-ACK feedback for PDCCH carrying SCI, the legacy mechanism to enable the HARQ-ACK feedback for SPS PDSCH release or TCI state update can be reused.
Proposal 3: Legacy capability reporting mechanism is reused at least to report the NCR-MT capability.
Proposal 4: The support of adaptive beam for C-link and simultaneous UL transmission of C-link and backhaul link should be part of NCR MT capability.
Proposal 5: The beam related mandatory feature for Rel-15 UE can be defined as optional feature for NCR-MT, which will be supported along with the support of adaptive beam.
Proposal 6: Status report via PUCCH is supported for NCR-MT at least to inform the abnormality to gNB.
Proposal 7: NCR-Fwd is OFF when BFR happens in C link.
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