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Introduction
[bookmark: _Hlk58595024]In RAN1#110, the study item on NR network-controlled repeaters concluded and recommendations were captured in the TR 38.867 [1]. Based on the outcome, a new work item has been approved in RAN#97-e with following objectives [2]:
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 this contribution we discuss details on the signaling aspects for side control information exchange between the network and the NCR. In addition, we also provide our views on NCR awareness related to channels/signals exchanged between network and UE.

Discussion
Control plane signaling aspects
In this section, we provide our views in terms of the general L1 signaling configuration that is essential to any of the side control information. Depending on specific side control information, the signaling could either be static (hard-coded), semi-static, dynamic or some combination. For static and semi-static signaling, we don’t need to discuss in RAN1 how exactly it is configured to NCR, but just need to consider if it is needed or not for specific side control information. In RAN1, framework for dynamic L1 signaling and facilitating L2 signaling should be the focus. 


Framework for downlink side control information for NCR

To enable L1 dynamic signaling for side control information on the downlink side, introducing similar framework as for downlink control information exchange between network and UE, i.e., to encode the side control information into a format (DCI-like format) and use a physical control channel (PDCCH-like) for transmission should be supported. Any other framework such as transmitting downlink control information via PDSCH can be further considered, if justified in terms of lower complexity for NCR. 

Proposal 1: For L1-based dynamic signaling of downlink side control information for NCR, DCI/PDCCH framework should be supported 

Considering a downlink control like framework for side control information exchange, the design of control information format will need to be considered. Either existing DCI formats could be utilized to repurpose for exchange of side control information, or a new format could be considered. In our view, one of the key differences between the side control information and typical downlink control information is that repeater is not expected to receive any control information for encoding or decoding of physical channels that are just received and forwarded by repeater. Based on this understanding, the information fields in the existing DCI formats can be considered irrelevant for the side control information format.  

Observation 1: For NCR, the side control information format, if introduced for NCR, is not expected to carry any information that is required for encoding/decoding of physical channels for forwarding, unlike the scheduling DCI formats 

Proposal 2: For carrying L1 dynamic signaling for downlink side control information for NCR, new DCI format should be considered 

To facilitate the transmission of a new DCI format for side control information, a physical channel is needed, like PDCCH. One direction could be simply reusing the existing PDCCH design framework in terms of monitoring, search space configuration, CORESETs, beamforming, etc. The PDCCH has been designed to be quite flexible and complex from UE implementation point of view. The motivation for the flexible and complex design of PDCCH has been to serve various use-cases and operations. However, a physical control channel for the purpose of side control information may not need such complex and flexible design. One of the main differences is that for the network-repeater link, both nodes are fixed and therefore the channel conditions will be typically static and time invariant. Moreover, the network planning would quite possibly account for a good quality link with LoS between gNB/TRP and repeaters. Moreover, multiple side control information formats might not be needed. Considering the reasonably fixed conditions, the control channel design for network-repeater link can be significantly simplified in comparison to PDCCH design for downlink control information.
Observation 2: For NCR, the design for the physical control channel for transmitting side control information format is not expected to serve large number of use-cases, unlink PDCCH.

Proposal 3: For NCR, if downlink control like framework is adopted, then RAN1 should strive to have a simplified control channel design in terms of supported parameters and configuration, for the transmission of downlink side control information

Furthermore, for facilitating some of the side control information, L2 signaling such as MAC CE is also essential to support NCR. For signaling dynamic information with relaxed latency requirements (for example, in the range of 3ms), MAC CE indication should be considered as a counterpart to DCI indication. For transmitting MAC CE, existing framework can be reused i.e., PDSCH channel should be supported for transmitting at MAC CE commands to the NCR. Specific need for MAC CE for each of the side control information can be further discussed. 

Proposal 4: For NCR, MAC CE should be supported for transmitting side control information

Proposal 5: For NCR, PDSCH based MAC CE transmission (like the legacy framework) should be supported for NCR. 


Framework for uplink side control information

For the uplink side, it is also discussed whether uplink control information is needed or not for NCR. In our view, supporting UCI is dependent on what is agreed to be supported for the downlink side control information. Depending on the agreed downlink side control information, we may not need to support all the UCI information as legacy framework. Therefore, we need to individually discuss each of the required UCI.

Considering if downlink side control information transmission is agreed to be supported via PDCCH and/or PDCCH, it is reasonable to assume that HARQ feedback from NCR to gNB should be beneficial as it is necessary to ensure whether gNB correctly received the side control information for configuring NCR. Further details on HARQ-ACK feedback can be further discussed, as needed. However, the legacy framework supported for UE can be the baseline.   

Proposal 6: For NCR, at least HARQ-ACK feedback corresponding to downlink control information via PDCCH and/or PDSCH should be supported for UCI from NCR to gNB

Additionally, support of CSI feedback needs to be discussed for NCR. In our view, the channel between the gNB and NCR is not expected to vary much as both the nodes are fixed. Therefore, the need to provide CSI feedback corresponding to channel and/or beam measurement may not be necessary. Also, the support of fixed and/or adaptive beam information for the control/backhaul link may impact the need for CSI feedback. In addition, we should realize that the impact of supporting CSI feedback framework may increase the cost and complexity associated with NCR. Therefore, unless justified, supporting CSI feedback for UCI from NCR to gNB should be a low priority. However, other simplified measurements and corresponding feedback could be considered to support at least some minimal monitoring of the control/backhaul link. As one potential option, the signal strength of the downlink channels/signals to be forwarded by NCR-Fwd could be compared against configured threshold values. Based on comparison, HARQ-ACK feedback could be used to give a soft indication of the radio link and/or beam quality. For example, a NACK can be reported if the measured signal strength is below configured threshold, otherwise ACK can be reported. 

Also, SR is not needed as NCR is not expected to transmit anything other than just forwarding from UE.

Proposal 7: For NCR, supporting CSI feedback and SR for UCI should be a low priority

Proposal 8: For NCR, instead of having dedicated RS for channel and beam measurements and corresponding reporting to monitor radio/link quality for control/backhaul links, simply measuring and comparing the signal strength of downlink channels/signals on backhaul link for forwarding could be considered
· HARQ-ACK feedback corresponding radio link/beam quality could be considered a simple alternative for channel feedback

Considering, only supporting HARQ-ACK feedback for UCI between the NCR and gNB, it is reasonable to consider supporting only PUCCH. As NCR is not expected to transmit any data on its own and if CSI (typically large overhead) is not needed to be supported, then PUSCH between NCR and gNB is not needed. 

Proposal 9: For NCR, UCI transmission via PUCCH between NCR and gNB should be considered
· PUSCH is not necessary, if CSI feedback is not supported 

Other aspects
Another important aspect that has been discussed in RAN#97-e on the NCR awareness related to channels/signals that are exchanged between network and UE. Essentially, three options could be considered in this regard:
· Option 1: NCR has now awareness, i.e., it is not able to decode/process any channels/signals between network and UE
· Option 2: NCR has some awareness and can decode/process only common channels/signals between network and UE, for example, SSB
· Option 3: NCR has complete awareness and can decode/process any channel/signal between network and UE

In our view, we should consider the impact on NCR’s complexity for each of the options and corresponding benefit to better facilitate forwarding at the NCR. From this point of view, option 1 is most preferred from NCR complexity perspective, but then it cannot leverage any information exchanged between network and UE. Option 2 provides a reasonable trade-off between the NCR complexity and potential benefits. Essentially, if NCR can decode/process common channels/signals between network and UE, it could be beneficial. In our view, one potential use-case would be to rely on measurement of SSB RS between network and NCR to monitor the backhaul link quality, like proposal 8. Regarding option 3, we don’t see the need for NCR to decode/process all the dedicated channels/signals between network and UE. This will greatly impact the NCR complexity and it is not desirable. 

Proposal 10: RAN1 can consider allowing NCR to process/decode/measure common channels/signals between network and UE(s)
· Decoding of dedicated signals (for UE) should not be supported at NCR


Conclusion
In this contribution, we have discussed our views on signaling framework design for exchange of side control information between network and NCR and have provided following observations/proposals:

Observation 1: For NCR, the side control information format, if introduced for NCR, is not expected to carry any information that is required for encoding/decoding of physical channels for forwarding, unlike the scheduling DCI formats 

Observation 2: For NCR, the design for the physical control channel for transmitting side control information format is not expected to serve large number of use-cases, unlink PDCCH.


Proposal 1: For L1-based dynamic signaling of downlink side control information for NCR, DCI/PDCCH framework should be supported 

Proposal 2: For carrying L1 dynamic signaling for downlink side control information for NCR, new DCI format should be considered 

Proposal 3: For NCR, if downlink control like framework is adopted, then RAN1 should strive to have a simplified control channel design in terms of supported parameters and configuration, for the transmission of downlink side control information

Proposal 4: For NCR, MAC CE should be supported for transmitting side control information

Proposal 5: For NCR, PDSCH based MAC CE transmission (like the legacy framework) should be supported for NCR. 

Proposal 6: For NCR, at least HARQ-ACK feedback corresponding to downlink control information via PDCCH and/or PDSCH should be supported for UCI from NCR to gNB

Proposal 7: For NCR, supporting CSI feedback and SR for UCI should be a low priority

Proposal 8: For NCR, instead of having dedicated RS for channel and beam measurements and corresponding reporting to monitor radio/link quality for control/backhaul links, simply measuring and comparing the signal strength of downlink channels/signals on backhaul link for forwarding could be considered
· HARQ-ACK feedback corresponding radio link/beam quality could be considered a simple alternative for channel feedback

Proposal 9: For NCR, UCI transmission via PUCCH between NCR and gNB should be considered
· PUSCH is not necessary, if CSI feedback is not supported 

Proposal 10: RAN1 can consider allowing NCR to process/decode/measure common channels/signals between network and UE(s)
· Decoding of dedicated signals (for UE) should not be supported at NCR
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