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In RANP#97e, a WID for NCR is agreed with following objectives:
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

In RAN1#110bis, there are some agreements related to other aspects of NCR including control plane signalling and procedures as following: 
Agreement
For NCR-MT which can support adaptive beams in C link, 
· Rel-15 beam indication framework can be reused.
· Rel-17 beam indication framework (i.e., the unified TCI) can be reused as well. The gNB can configure the unified TCI for the NCR-MT, if the NCR-MT supports.

Agreement
To support CSI measurement/reporting mechanisms for NCR-MT in C-link
· The necessary legacy mechanism for receiving CSI-RS is reused for NCR-MT.
· The necessary legacy mechanism for reporting CSI is reused for NCR-MT.
· FFS: The details of the necessary mechanisms will be further discussed and decided.
· Note: this does not mean all the legacy procedures for receiving CSI-RS and reporting CSI will be supported. 

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.

Agreement
PUCCH and PUSCH are supported for NCR-MT.

R1-2210463	Summary#2 on other aspects	Moderator (Fujitsu)

Agreement
The TA adjustment mechanism of legacy UEs is supported for NCR-MT in C link.

Agreement
To support the sounding procedure for NCR-MT in C link, the necessary mechanism of legacy UE sounding procedure is supported.
· FFS: The details of the necessary mechanism of legacy UE sounding procedure.
· Note: This does not mean all legacy UE sounding procedure will be supported. 

In this contribution, we discuss the issues related to L1/L2 signaling for side control information of network-controlled repeater.
2 Discussion
The mechanisms for signalling the side control information between the network and the repeater need to be identified. This includes the different methods for signalling each feature/ control parameter agreed in the previous meetings, and the ways to configure this signaling and the level of the required protocol stack at the repeater NCR-MT. RAN1 should investigate further on the down selection of the different options, agreed in RAN1#109e, for signaling the side control information, whether a full UE protocol stack including RRC is needed, a limited protocol stack is possible by using legacy configuration, or using OAM-based configuration, or both. 
2.1 Identification and radio capability report for NCR 
In RAN2#119-e, solutions for NCR identification and authorization have been discussed, and four proposals/options have been captured in TR38.867 [4]. The first one is a Quasi-legacy UE based solution, in which the identification of the NCR including sending its radio capability is done between the NCR and gNB. In addition, without involving the CN, the verification and validation is done at gNB side after receiving credential info from the NCR. The second solution is OAM based solution by performing authorization /validation between gNB and OAM by sending an OAM container in Msg5 to the OAM. The third solution is based on IAB-like solution in which the identification is done at the RAN side between the NCR and gNB, while the authorization is done at the CN. For the last solution, the NCR authorization information is sent from the AMF to the gNB as part of UE context setup. From our point of view, solutions 1 and 3 are favored. Solution 1 avoids the upgrade and the extra work at the CN, while solution 3 has less specification work by reusing some of the existing IAB procedures. 
The identification of the NCR and the way of reporting its capability need to be discussed in RAN1 to identify the specific radio capability of both NCR-MT and NCR-Fwd that need to be sent to the network which we think it may help for down selection of the above-mentioned solutions.
Proposal 1: For down-selection of the repeater management solutions, identify the NCR specific radio capability for both NCR-MT and NCR-Fwd, and the ways of reporting the capability to the network.

As the network control repeater functionality can be different from a legacy UE, at least for the forward link, the repeater may need to report the repeater specific RF capability of NCR-Fwd (which may require different messages and/or new IEs than the capability report of the legacy UE) to the network to efficiently configure the NCR-Fwd with the suitable parameters such as the beam ids of the access link. The number of supported beams at NCR access link and some beam characteristics such as beam type can be useful for gNB to determine the suitable beam id at the corresponding time slot for different PHY channels. These can be reported per supported band/supported CC. For example, the beam width for each supported beam, or classification of beams based on their beamwidth (wide beams or narrow beams) can be reported by the NCR as part of its RF capability reporting message during the access procedure (connection) of NCR-MT, e.g., these parameters can be sent as a part of RF-Parameters in UE-NR-Capability message. This is useful for the gNB to identify relatively wide beams for forwarding broadcast channels such as SSB, PRACH, common DCI, etc., and relatively narrow beams for forwarding UE dedicated PHY channels, e.g., for shared channels and other UE dedicated data communication. The narrow beams within a wide beam can also be indicated by the NCR, so that gNB can use this information for beam refinement by indicating the beam ids within a wide beam (e.g., within an access beam used for forwarding the SSB beam that is detected by the UE) 
Proposal 2: Support reporting the RF characteristics of NCR-Fwd including beam type of the access link to gNB during the access procedure of the NCR-MT
2.2 L1/L2 signaling
The side control information may contain timing, TDD configuration, beam indication, power control and on/off indication. In legacy release, for some procedures/channels, signaling from physical layer to RRC layer are necessary. For beam indication of the backhaul forward and C-Link for PDSCH, there may be some RRC configurations, and further MAC CE configuration and then some physical layer configurations in DCI to determine the beam for PDSCH. For other channels such as PDCCH/PUSCH/PUCCH/CSI-RS/SRS, there are also combinations of RRC, MAC CE and DCI signaling. For the access link, new RRC configuration may be required for configuring the beam ides and the corresponding time domain resources. In addition to RRC configuration for the access link, L1 configurations in DCI for dynamic beam id indication is required. For TDD configuration, TDD config common and TDD config dedicated are also configured by RRC signaling, and DCI 2-0 is by a group common DCI in physical layer. If reuse legacy TDD configuration for indicating TDD pattern between gNB and repeater, RRC in network-controlled repeater may be necessary. There can also be other mechanisms such as envelop the RRC signalling to L1/L2 signaling. This may lead to some spec work.
Proposal 3: Consider ways to transmit legacy RRC and new RRC signaling to the repeater.
In legacy UE configuration, RRC is used to carry different UE dedicated configurations including spatial information configuration such as CSI-RS and measurement configuration. To allow the repeater to apply a proper spatial, time, power control on the forwarding link a full UE stack might be necessary at the repeater side. On the other hand, to simplify the repeater functionality, layer 1 and possibly layer 2 can be considered for the protocol stack. This may entail designing a new DCI format specific to the repeater to carry configuration information. Furthermore, as the frequency scheduling related parameters are irrelevant to the repeater, the repeater is not expected to decode and use this information, thus the repeater may be configured to decode a repeater-specific DCI format, that carry only repeater relevant control information, such as the dynamic indication of access beam ids, or performing limited blind search on limited candidates instead of reusing the legacy UE DCI formats. Having fixed size DCI or limited DCI formats with only repeater relevant parameters helps in fast decoding of the control information and hence fast application of the configuration on the forwarding link.
Proposal 4: Support new repeater-specific DCI format(s) for carrying repeater configuration information.

In RAN1#110bis meeting, a proposal for supporting HARQ-ACK feedback for PDCCH carrying side control information was discussed. It is obvious that the side control information needs to be delivered to NCR-MT with high reliability since a misdetection of the control information leads to unproper operation of the repeater, that may switch to the default OFF state, which can cause link failure of the connected UEs via the repeater. HARQ-ACK can be a solution for the failed detection of the side control information. However, this may cause an extra delay in providing the side control information that should be applied on the forward link with low latency. Therefore, in addition to supporting HARQ-ACK for extreme cases, other solutions for stabilizing the C-link quality, e.g., by using high AL of the PDCCH carrying the side control information, proper beam selection, or power boosting etc., should prioritized.
 Proposal 5: For the decision on supporting HARQ-ACK feedback for PDCCH carrying side control information, the introduced latency of applying the control information on the Fwd link should be considered.

In the last RAN1 meeting there was a discussion on supporting the BFR procedure for the C-Link. Although the gNB and the NCR are located on fixed positions, the quality of the C-link may change based on the channel conditions which may contain moving scatters/obstacles. In such a case one C-link beam can be optimal for a certain time duration, while another beam can be suitable for other time slots. Furthermore, the quality of the C-link may depend also on the selected beam pair (backhaul beam and access beam) of the Fwd link if the side control information is FDMed with the Fwd link control/data channels. Since the repeater performs simultaneous reception and transmission on the Fwd link, the transmitted signal in the access link may interfere with the C-link reception which can cause an oscillated self-interference which affects a certain C-link beam and hence beam switching will be required. Therefore, we think BFD and BFR procedure on C-link is needed, and the legacy procedure can be reused for this purpose.  
Proposal 6: Support reusing the legacy BFD and BFR procedure for the C-Link beams.


3 Conclusion
In this contribution, we discussed the issues related to L1/L2 signaling for side control information for network-controlled repeater, and our proposals are as following:
Proposal 1: For down-selection of the repeater management solutions, identify the NCR specific radio capability for both NCR-MT and NCR-Fwd, and the ways of reporting the capability to the network.
Proposal 2: Support reporting the RF characteristics of NCR-Fwd including beam type of the access link to gNB during the access procedure of the NCR-MT
Proposal 3: Consider ways to transmit legacy RRC and new RRC signaling to the repeater.
Proposal 4: Support new repeater-specific DCI format(s) for carrying repeater configuration information.
Proposal 5: For the decision on supporting HARQ-ACK feedback for PDCCH carrying side control information, the introduced latency of applying the control information on the Fwd link should be considered.
Proposal 6: Support reusing the legacy BFD and BFR procedure for the C-Link beams.
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