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Introduction
In RAN#97-e meeting, the WID on NR network-controlled repeater (NCR) was agreed with the following objectives [1]:
	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



This contribution presents ETRI’s views on SCI for NCR focusing on the following topics:
· Beamforming + ON-OFF information
· UL-DL TDD operation
· Power control

Discussion
NCR beamforming and ON-OFF control
Figure 1 shows NCR deployment scenario for indoor UEs, which has high priority from ETRI perspective. In Figure 1, NCR comprises three part; 1) the first repeater antenna (repeater antenna #1 on the rooftop facing to the serving gNB antenna), 2) the second repeater antenna (repeater antenna #2 on the ceiling or on the wall), 3) repeater main body including repeater-MT and repeater AF unit. The NCR may receive side control information (SCI) from gNB through the first repeater antenna (repeater antenna #1) and the repeater-MT (NCR-MT) can control repeater AF unit (NCR-Fwd) according to the decoded SCI by using internal control interfaces. Figure 1 can be considered as an detailed example of NCR model captured by Figure 5-1 in [2].
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[bookmark: _Ref115354595]Figure 1. NCR deployment scenario for indoor UEs.
In the NCR deployment scenario above, various types of variable / fixed beam mapping for repeater antennas can be considered according to implementation choice. One of possible beam mapping options is predefined beam mapping, which has been adopted for O-RU in O-RAN specifications as shown by Figure 2. As represented in Figure 2, multiple coarse and fine beams can be predefined for an antenna panel of NCR assuming to cover a region, e.g.,  in azimuth domain and  in elevation domain, which is enough to serve a room or office, if the repeater antenna is on one of the upper corners of that room or office. In this example, the total number of beams is 40 (8 coarse beams + 32 fine beams), which implies 6 bits of payload for beam indication per beam. 
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[bookmark: _Ref115358431]Figure 2. An example of predefined coarse and fine beam mapping in O-RAN specifications [3].
For this predefined beam mapping, there is no reason to configure associations between legacy RSs/signals and repeater beams as in QCL/TCI configurations. From our understanding, the essential signalling parts for NCRs with the predefined beam mapping would be 1) NCR-MT capability report on the number of beams per repeater antenna, and 2) beam index indication based on L1 SCI or higher-layer configuration (i.e., higher-layer signalling on beam definition itself is not necessarily needed).
For outdoor NCR, which may require wider and more fine-tuned beam coverage than the indoor NCR, predefined beam can be updated by grid shifting method as illustrated by Figure 3.
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[bookmark: _Ref115361367]Figure 3. An example of grid shifting of predefined beams for NCR.
Table 1 shows the agreed recommendations on beam indication support for NCR in [2]. Per the recommendations in Table 1, it is preferable to include the following two fields in a SCI, at least:
· Beam index indication field: Based on the examples above and the evaluation results in [2], we are considering up to 6 bits payload per beam. Considering that the number of possible beams per repeater antenna may be different according to the repeater implementation, it would be beneficial to adopt variable payload per beam, which can be configured by higher-layer signalling, for example. A single SCI may include indications on multiple beams for various use cases, such as support of multi-users, or beam sweeping operations, etc.
· Beam application timing indication field: It is preferred to have a beam application timing indication field that contains full information on beam application patterns in terms of both slot-level and symbol-level granularities. For instance, hierarchical timing indication field can be introduced; the first timing indication field may inform slot-level beam allocation pattern for the SCI and the second timing indication field may convey symbol-level beam allocation pattern, e.g., by following the SLIV field in the legacy DCI formats. It is noted that these beam application timing indication field may perform the role of ON-OFF signalling as well. In this case, the slots and/or symbols those have no applicable beams can be considered as NCR OFF durations. 

[bookmark: _Ref115361944]Table 1. Recommendations on beam indication support for NCR in [2].
	The time at which the NCR applies an access link beam indication should be considered. 
As for the time-domain granularity of the access link beam indication and determination, both slot-level and symbol-level granularity are recommended.
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[bookmark: _Ref115372863]Figure 4. Potential structure of SCI for NCR beamforming and ON-OFF control.
Figure 4 shows a potential structure of SCI for NCR beamforming and ON-OFF control. In this example, the first beam application timing indication field in an SCI may comprise a bitmap with 20 bits payload to inform beam application pattern for 20 slots. And then, up to L beams can be indicated by L pairs of beam index indication field and SLIV indication field. For L=2 case, total payload of the SCI would be 40 bits, which seems reasonable for simple NCR implementations.

Observation 1. Predefined beam mapping is one of the practical options for NCR implementation.

Observation 2. The following information is required for NCRs with the predefined beam mapping: 
· NCR-MT capability report on the number of beams per repeater antenna panel
· Beam index indication based on L1 SCI or higher-layer configuration
· Note: Higher-layer signalling on beam definition itself is not necessarily needed in case of predefined beam mapping

Proposal 1. Consider the following fields for a beam indication SCI:
· Beam index indication field with up to 6 bits payload per beam
· Beam application timing indication field for slot-level granularity (slot pattern indication field)
· Beam application timing indication field for symbol-level granularity (SLIV field)

NCR UL-DL TDD direction control
Table 2 captures the recommendations on UL-DL TDD direction control for NCR in [2]. Regarding the three options in Table 2, our view is as follows:
· Option 1: Given that the baseline behaviour of NCR would be OFF outside of the indicated ON duration, we think an additional explicit clarification on option 1 is not needed. To implement option 1, the gNB can simply determine not to include the flexible symbols in the ON duration.
· Option 2: At least for the NCR with SFI reception capability, we see no reasons not to support option 2. Option 2 should be supported and the corresponding capability signalling can be discussed in later phase.
· Option 3: The benefit from a new dynamic side control singalling of UL-DL TDD direction control seems not clear.

[bookmark: _Ref115423542]Table 2. Recommendations on UL-DL TDD direction control for NCR in [2].
	For the TDD UL/DL configuration of network controller repeater, at least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link. On the flexible symbols based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the following behaviours of the NCR-Fwd are considered:
-	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 signalling is needed.
-	Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd



Proposal 2. Support option 2 at least for NCRs with SFI reception capability.
· 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 signalling is needed.

NCR power control

In RAN#97-e meeting, it was concluded to check whether/how to enhance NCR power control until RAN#98-e. From our understanding, NCR power control should be considered in Rel-18, at least in terms of semi-static manner (i.e., by higher-layer configuration-based solutions). In some types of NCR, it is possible to assume that the control link and the backhaul link share the same RF chain, i.e., a single set of antenna panels, amplifiers, and filters is utilized for both control and backhaul links. For these types of NCR, the maximum transmission power for either of control link or access/backhaul link would be affected by the multiplexing mode for those links. For instance, as shown in Figure 5, the control link may fully utilize the maximum transmission power of the NCR during the access link OFF duration where the control link transmission and backhaul link transmission are TDMed. On the other hands, it is clear that the control link and backhaul link may share a portion of the maximum transmission power during the access link ON duration where the control link transmission and backhaul link transmission can be FDMed. Taking this into account, at least higher-layer configuration-based NCR power control should be supported in Rel-18.
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[bookmark: _Ref115421759]Figure 5. NCR power control configurations for access link ON and OFF durations.

Proposal 3. Support higher-layer configuration-based NCR power control in Rel-18.
· FFS, L1 signalling-based NCR power control.

Conclusion
In this contribution, ETRI’s views on NC repeater were shown and the following observations and proposals were made:
Observation 1. Predefined beam mapping is one of the practical options for NCR implementation.
Observation 2. The following information is required for NCRs with the predefined beam mapping: 
· NCR-MT capability report on the number of beams per repeater antenna panel
· Beam index indication based on L1 SCI or higher-layer configuration
· Note: Higher-layer signalling on beam definition itself is not necessarily needed in case of predefined beam mapping

Proposal 1. Consider the following fields for a beam indication SCI:
· Beam index indication field with up to 6 bits payload per beam
· Beam application timing indication field for slot-level granularity (slot pattern indication field)
· Beam application timing indication field for symbol-level granularity (SLIV field)
Proposal 2. Support option 2 at least for NCRs with SFI reception capability.
· 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 signalling is needed.
Proposal 3. Support higher-layer configuration-based NCR power control in Rel-18.
· FFS, L1 signalling-based NCR power control.
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