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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, the signaling design and required procedure to enable the NCR are discussed.
1. Discussion on the required procedure to enable NCR
1. Initial access procedure for NCR
According to section 7.2 of TR 38.867 [2], all of these 4 candidate solutions contain normal RACH procedure, which means that no matter which identification/authorization solution is finally selected by RAN2/3, legacy RACH procedure is required to establish RRC connection between NCR MT and gNB. Since initial access is within the scope of RAN1, it’s better for RAN1 to confirm that initial access procedure is supported for NCR MT, so that RAN2 can further discuss control plane procedure based on that.
Meanwhile, to enable the normal initial access procedure, it seems that the earlier identification of NCR is not required as inputs from RAN2, Then, the Msg-1 based on solution may not be needed.
Proposal 1: Initial access procedure without dedicated configured RACH resource is supported for NCR-MT.
[bookmark: _GoBack]If the NCR deployment is optional feature for a gNB, an NCR support indication can be added into the system information, e.g., in SIB1, to help NCRs select potential serving gNBs. When an NCR starts up, it performs cell search, system information acquisition as a UE, and then checks the NCR support indication to determine whether the cell is accessible. 
Proposal 2: Assist information in SIB to indicate whether the NCR is supported or not by the gNB can be considered.
1. Support of UL transmission for NCR
As shown in the agreed model for NCR [2], the support of both DL and UL is preferred for C-link.
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More specifically, the UL transmission for following situation should be considered:
· UE capability report:
Before the gNB configures the beam indexes to the NCR, the NCR needs to report its capability to the gNB. This capability report is similar to the current UE capability report, which can be part of the C-link setup procedure as shown in Figure 1. According to the analysis in [3], the NCR’s capability may include: the number of beams, the width of each beam, the supported frequency band, the maximum transmission power. The capability report can be carried by the PUSCH. Therefore the configuration for transmitting PUSCH is needed. With the reported capability, the gNB can configure the number of beams used on the NCR’s access link and the corresponding logical beam indexes to the NCR as discussed in [3] via PDSCH. In addition, other necessary parameters can also be configured, such as working frequency bands, time offset of the time domain resource application, amplification gain, and so on. 
[image: ]
Figure 1. Capability report and parameters configuration
Proposal 3: NCR capability report can be carried by PUSCH as part of the C-link setup procedure.
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. 64-QAM 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. Besides, SSB based RLM and SRS transmission are also not essential because NCR is fixed and the link between NCR and gNB is relatively stable with high quality. Therefore, to achieve lower complexity for NCR MT, it’s suggested that Rel-15 mandatory features may be reduced for NCR MT.
Proposal 4: The Rel-15 mandatory features for UE may be reduced for NCR-MT.
· 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 5: Status report via PUCCH is supported for NCR-MT to report at least to inform the abnormality to gNB.
· HARQ ACK feedback to SCI
In addition, the NCR-MT needs HARQ ACK in response to the SCI via PUCCH to ensure reliable communication on the C-link, otherwise gNB may not know whether the SCI is correctly received and NCR is out of control. 
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Figure 2. HARQ ACK feedback to SCI
Proposal 6: HARQ ACK feedback via PUCCH is supported for NCR-MT in response to side control information.
Then, based on the above analysis, with regard to the PHY channel configuration, PUCCH and PUSCH configurations are both needed for communication with the gNB. With regard to the L1/L2 signaling configuration, UCI configuration is also needed to support PUCCH. MAC CE configuration is optional, which depends on the signaling design with consideration on the NCR complexity.
Proposal 7: The legacy configuration of PUCCH and PUSCH can be reused for NCR-MT.
1. Discussion on the signaling design
2. Signaling for beam indication
In RAN1#110, it has been agreed that an access link beam is indicated by a beam index, where both dynamic indication and semi-static indication (including semi-persistent indication) are considered [2]. Based on this agreement, following signaling can be considered for beam indication. 
0. Beam indication for access link
As analyzed in [3], the beam indication should be able to support the both periodic and aperiodic beam changes for corresponding forwarding via NCR, Meanwhile, either one or multiple beams per indication can be supported.  Then, for each type of beam indication, following details are highlighted:
· Dynamic signaling
To cover both single and multiples beam indication, one or more beam indexes can be included for multiple UEs. The number of beam indexes indicated in one DCI can be configured. Thus the NCR can determine the field bit size required in advance. 
Meanwhile, if multiple beams are represented by beam pattern defined via RRC for different common signal forwarding. Then, a DCI can be used to indicate one of the beam index patterns, e.g., using a pattern index. 
In addition, the time domain resource indication should match the number of beam indexes. The time domain resource assignment field in current specification, e.g., SLIV, can be inherited.
Compared with the legacy DCI formats for normal UEs, the required fields for an NCR are relatively simple. Therefore, except for the re-interpretation of existing bits, it is possible to define a new DCI format with a dedicated RNTI for the NCR.
· Semi-static signaling 
For the semi-static indication, as shown in Figure 3, the beam index sequence can be defined as a beam index pattern, i.e., {0, 1, 2, ... 7}. The corresponding time domain resource can be defined as a start symbol index pattern and a fixed length, i.e., {2, 8, 16, ... 50} and 4-symbol. The corresponding frequency domain resource is common and can be defined using current frequency domain resource assignment field in DCI. The mentioned beam index pattern and corresponding time/frequency domain resource can be configured to the NCR via RRC. Then the NCR uses this configuration for the SSB forwarding. In this way, signaling cost for the common signal forwarding is reduced. 
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Figure 3. An illustration of beam indication for SSB forwarding
Regarding the indication of multiple beams which can be simultaneously implemented, it can be achieved by following the above design but with same applicable time. For the potential association for the beam per CC, considering we are mainly focus on in-band case, the additional enhancement is not preferred.
Proposal 8: New DCI format for NCR can be considered to support dynamic signaling for access beam indication.
Proposal 9: At least the beam indication with one beam index per indication should be supported.
Proposal 10: The beam pattern can be semi-statically configured/indicated by RRC signalling and dynamically indicated by beam pattern index via DCI.
0. Beam indication for backhaul link
As highlighted in our contribution [3], the Option-1 with explicit signaling is preferred. By following the current TCI framework, a new signaling is needed to indicate the beam information dedicated for the backhaul link. Meanwhile, In the TCI framework, a three-layer structure (i.e., RRC+MAC CE+DCI) is used to select a TCI state, and a TCI state set should be firstly configured by the RRC. To fulfill the previous agreement that all beams for backhaul should be from the same set for C-link, the RRC configured TCI list for C-link can be shared to backhaul link.
Proposal 11: To support the explicit signaling for backhaul beam indication, the RRC configured TCI-list to NCR-MT for C-link will be shared for backhaul link.
Then, once potential beams (i.e., TCI states set shared with C-link) are determined for backhaul link, signaling as MAC CE and DCI, is needed to indicate the beam information for backhaul link by reusing the existing TCI framework. 
Proposal 12: The MAC CE signaling and DCI signaling are needed for the beam indication for backhaul link.
2. Signaling for TDD UL/DL information indication
According to [2], if the NCR-MT can acquire its TDD configuration as legacy UEs or from OAM, new signaling may not be necessary. Some companies think that whether new signaling needs to be introduced depends on the NCR behaviour in flexible symbols.
Regarding the NCR behaviour in flexible symbols based on the semi-static configuration, [2] provides three options.
-	Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
-	Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB. It means that no new side control signaling is needed
-	Option 3: The NCR-Fwd will follow a new dynamic side control signaling of DL/UL forwarding over these symbols to NCR-Fwd
The same TDD UL/DL configuration is assumed for C-link, backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.  In addition, considering standardization impact, signaling overhead and cost, we recommend the combination of Option 2 and Option 1. For details, please refer to companion contribution [3]. For the flexible symbols that are indicated by SFI/scheduling (if supported) as DL or UL, the NCR-Fwd follows the TDD UL/DL operation determined by NCR-MT based on SFI/scheduling. In the case, NCR-MT acts like a legacy UE and thus no new side control signaling is needed. For remaining flexible symbols, it is necessary to define a specific behaviour for the NCR-Fwd to avoid causing uncertainty to the network. In these symbols, the NCR-Fwd is not expected to perform forwarding.
Proposal 13: For the signaling of information on TDD UL-DL configuration, new side control signaling is not necessary.
Proposal 14: A specific behaviour should be defined for the NCR-Fwd in the flexible symbols that are not further indicated as DL/UL via SFI or scheduling received by NCR-MT.
· The NCR-Fwd is not expected to perform forwarding in these symbols
2. Signaling for ON-OFF information indication
According to the discussion in [3], explicit indication is preferred to control NCR’s ON-OFF behavior, the general ON-OFF indication under different RRC states can be supported. For semi-static indication, it may include periodic ON-OFF pattern for RRC CONNECTED state and single state indication for RRC IDLE/INACTIVE state. Although the semi-static indication in connected state can be configured in RRC or MAC CE, the indication in idle/inactive state can only be configured in RRC release message. Therefore, RRC message is preferred for semi-static indication to allow unified design of different RRC states, i.e. semi-static indication for connected and idle/inactive state can both be configured through RRC.
Regarding dynamic indication, DCI based indication is needed to ensure dynamic control of NCR-Fwd according to UE’s traffic, and single and multiple states indication can be considered as discussed in [3]. Besides, as discussed in section 3.1, a new DCI format is preferred to carry side control information which may also include explicit ON-OFF information.
Proposal 15: Explicit ON-OFF indication is supported with following signaling design:
· For the NCR-MT in RRC CONNECTED state
· Semi-static indication through RRC
· Dynamic indication through DCI
· For the NCR-MT in RRC IDLE/INACTIVE state if supported
· Semi-static indication through RRC
1. Conclusions
In this contribution, the views on the required procedure and side signaling design to enable the NCR are elaborated with following proposals:
Proposal 1: Initial access procedure without dedicated configured RACH resource is supported for NCR-MT.
Proposal 2: Assist information in SIB to indicate whether the NCR is supported or not by the gNB can be considered.
Proposal 3: NCR capability report can be carried by PUSCH as part of the C-link setup procedure.
Proposal 4: The Rel-15 mandatory features for UE may be reduced for NCR-MT.
Proposal 5: Status report via PUCCH is supported for NCR-MT to report at least to inform the abnormality to gNB.
Proposal 6: HARQ ACK feedback via PUCCH is supported for NCR-MT in response to side control information.
Proposal 7: The legacy configuration of PUCCH and PUSCH can be reused for NCR-MT.
Proposal 8: New DCI format for NCR can be considered to support dynamic signaling for access beam indication.
Proposal 9: At least the beam indication with one beam index per indication should be supported.
Proposal 10: The beam pattern can be semi-statically configured/indicated by RRC signalling and dynamically indicated by beam pattern index via DCI.
Proposal 11: To support the explicit signaling for backhaul beam indication, the RRC configured TCI-list to NCR-MT for C-link will be shared for backhaul link.
Proposal 12: The MAC CE signaling and DCI signaling are needed for the beam indication for backhaul link.
Proposal 13: For the signaling of information on TDD UL-DL configuration, new side control signaling is not necessary.
Proposal 14: A specific behaviour should be defined for the NCR-Fwd in the flexible symbols that are not further indicated as DL/UL via SFI or scheduling received by NCR-MT.
· The NCR-Fwd is not expected to perform forwarding in these symbols
Proposal 15: Explicit ON-OFF indication is supported with following signaling design:
· For the NCR-MT in RRC CONNECTED state
· Semi-static indication through RRC
· Dynamic indication through DCI
· For the NCR-MT in RRC IDLE/INACTIVE state if supported
· Semi-static indication through RRC
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