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Introduction
[bookmark: _Hlk58595024]In SID, following objectives and scenarios/assumptions have been listed for NR network-controlled repeaters in Rel-18 [1]:
The study on NR network-controlled repeaters is to focus on the following scenarios and assumptions:
· Network-controlled repeaters are inband RF repeaters used for extension of network coverage on FR1 and FR2 bands, while during the study FR2 deployments may be prioritized for both outdoor and O2I scenarios.
· For only single hop stationary network-controlled repeaters
· Network-controlled repeaters are transparent to UEs
· Network-controlled repeater can maintain the gNB-repeater link and repeater-UE link simultaneously
NOTE1: Cost efficiency is a key consideration point for network-controlled repeaters.

Study and identify which side control information below is necessary for network-controlled repeaters including assumption of max transmission power [RAN1]
· Beamforming information
· Timing information to align transmission / reception boundaries of network-controlled repeater
· Information on UL-DL TDD configuration
· ON-OFF information for efficient interference management and improved energy efficiency
· Power control information for efficient interference management (as the 2nd priority)
Study and identify L1/L2 signaling (including its configuration) to carry the side control information [RAN1]

Study the following aspects of network-controlled repeater management
· Identification and authorization of network-controlled repeaters [RAN2, RAN3]
NOTE2: Coordination with SA3 may be needed.
In RAN1#109-e, several agreements have been made related to L1/L2 signaling required for side control information for network-controlled repeaters (NCR) including beam information, timing information, TDD UL/DL configuration, ON-OFF information, and power control information [2]. In this contribution, we provide details on the necessary L1/L2 signaling. 
Discussion
Configuration of L1/L2 signaling
In RAN1#109-e, following agreements related to configuration of L1/L2 signaling for side control information for NCR have been made:

Agreement
The NCR-MT can obtain the necessary configuration for receiving the L1/L2 signaling of the side control information.
· Option 1: The necessary configuration is from RRC.
· Option 2: The necessary configuration is from OAM or hard-coded.
· Option 3: The necessary configuration is partially configured by RRC and partially configured by OAM or hard-coded.
Agreement
For an NCR-MT, the necessary configurations from RRC and/or OAM(or hard-coded) contain:
· The configurations of PHY channels to carry the L1/L2 signaling: 
· The configurations for receiving PDCCH and PDSCH.
· The configurations for transmitting PUCCH, if needed.
· The configurations for transmitting PUSCH, if needed.
· The configurations of L1/L2 signaling: 
· The configurations for DCI.
· The configurations for UCI, if needed.
· The configurations for MAC CE, if needed.
Agreement
For the parameters in the necessary configurations for L1/L2 signaling, the existing parameters for PDCCH, PDSCH, PUCCH, PUSCH, DCI, UCI and MAC CE in Rel-17 are the baseline for further discussion.
· Note 1: This does not imply that all Rel-17 parameters will be supported for the NCR-MT. 
· Note 2: This does not imply that PUCCH, PUSCH, UCI and MAC CE are currently agreed to be supported. Further consideration is needed.

In our view, any further discussion and down-selection of the necessary configuration for L1/L2 signaling of the side control information should be out of the scope of RAN1 discussion. From RAN1 perspective, the focus should be on:
· What side control information is necessary (discussed in our companion contribution [3])?
· What L1 signaling is needed to support the transmission/reception of the necessary side control information?

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
· Either to supplement DCI based signaling, or
· As an alternative to DCI based signaling (for example, when the latency requirements are not very stringent)

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

Framework for uplink side control information

In RAN1#109-e, 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 

L1/L2 signaling for beam information
In RAN1#109-e, following agreements related to L1/L2 signaling for beam information have been made:

Agreement
From the perspective of signaling design, following mechanisms can be considered for the access link beamforming of the NCR-Fwd. 
· Option #2-1: Dynamic beam indication only
· Option #2-2: Semi-static beam indication only
· Option #2-3: Dynamic beam indication and semi-static beam indication
Agreement
In the access link beam indication, an access link beam can be indicated by:
· Option 1: A beam index
· FFS: How to indicate the corresponding time domain resource of the beam.
· Option 2: An index of a source RS (e.g. a TCI-like indicator)
· FFS: The definition of the source RS. 
· FFS: How to indicate the corresponding time domain resource of the beam.
· FFS: The definition of the association between the source RS and the beam.
· Note: The above does not imply that the NCR can or cannot generate and transmit reference signals to a UE or receive and process reference signals from a UE.
RAN1 to select one of the two options, combine the two options, or select both options in RAN1#110

Agreement
As for the time-domain granularity of the access link beam indication, one or both of the following options can be considered:
· Option 1: slot-level
· Option 2: symbol-level
· FFS: The details of indication signaling

As agreed in RAN1#109-e, beam information for the access link of NCR-Fwd is essential to serve UEs for improved coverage and limiting interference. On high-level, it is essential to agree the time-domain behavior of the beam informing information. Considering the options listed in above agreements, we think that both dynamic beam indication and semi-static beam indication should be supported. For semi-static channel/signals such as SSB, periodic CSI-RS, it is beneficial that beamforming configuration can be provided in a semi-static manner, where the periodicity and mapping of configured beams to time-domain resources is provided in accordance with the semi-statically configured channels/signals structure. For dynamic scheduling such as PDSCH/PUSCH, it is evident that dynamic beamforming information should also be supported. Therefore, it should be agreed to support both semi-static and dynamic indication of beamforming information for NCR-Fwd access link.

Proposal 10: For the access link between NCR-Fwd and UE(s), both semi-static and dynamic indication of beamforming information should be supported for both uplink and downlink

Another crucial impact is what signaling framework should be adopted for beamforming information. For beam indication, two options have been discussed in RAN1#109-e including source RS based indication (TCI-like framework) and logical beam ID indication. In our view, both the options are fundamentally same, as the intention is to provide a reference for forwarding DL channel/signal to the UE. In option 1, the reference is in terms of source RS ID, while in option 2, the reference is in terms of the logical beam ID. The two options are illustrated in Figure 1 and Figure 2, respectively. In Figure 1, with option 1, network transmits 3 SSBs to the NCR via the backhaul link. The 3 SSBs are transmitted in TDM manner using the same fixed beam between gNB and NCR. Corresponding to each of the 3 SSBs, NCR is configured to forward the 3 SSB beams in TDM manner on SSB beam index N, SSB beam index N+1 and SSB beam index N+2. These beam indices correspond to the actual SSB beam indices used for network and therefore no new indices are configured/indicated. The actual physical beams corresponding to beam index N, beam index N+1 and beam index N+2, respectively, are up to the NCR implementation. In Figure 2, with option 2, the only different is in terms of beam index configuration to the NCR. Basically, corresponding to the 3 SSB beams, NCR is configured by network with beam ID 1, beam ID 2, beam ID 3, respectively. Like option 1, the actual physical beams corresponding to beam ID 1, beam ID 2 and beam ID 3, respectively, are up to the NCR implementation. Considering that both options are almost same, we think that the specification effort is less with source RS indication option for beam information as it can reuse the existing TCI based framework. Based on option 1, NCR can be configured with TCI states for forwarding other downlink channels and signals, where the TCI state will correspond to source RS ID (such as SSB beam index N+1) and QCL type-D for beam information. Based on indication of the TCI state, NCR can apply the same beam as used for transmitting the source RS. This framework will allow to support the existing beam management procedure including all the aspects without any major specification impacts.

[image: ]

Figure 1: Illustration of Option 1 for beam indication: Source RS based indication
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Figure 2: Illustration of Option 2 for beam indication: Logical Beam ID

Proposal 11: For the NCR to serve UE(s) via the access link in a transparent manner, source RS based indication can be supported:
· TCI states can be configured to NCR where a TCI state indicates a source RS ID and QCL assumption type (for example type-D for beam information)
· At least SSB and CSI-RS can be configured as source RS for beam information at the NCR for forwarding downlink to UEs and receiving uplink from UEs via access link

Another remaining aspect for the beamforming information is the indication of time-domain resources and corresponding granularity. Basically, the NCR needs to be indicated with following time-domain related information for beamforming 

· Starting symbol/slot for applying indicated beam
· Duration for which the indicated beam is used

For indicating the timing information for beamforming, two options can be considered in terms of signaling

· Joint indication of the beam and corresponding timing information
· Pro is that potentially same DCI codepoint can be used for dynamic signaling
· Con is that, if TCI-link framework is used for beam indication, then further enhancement might be needed to indicate time-domain parameters along with TCI state

· Separate indication of the beam and corresponding timing information using TDRA-like indication 
· Pro is no specific enhancement is needed for TCI indication and TDRA indication
· Con is that two separate DCI codepoints are used and in addition if multiple beams are indicated, then multiple corresponding time-domain resources via TDRA is needed

In our view, it is reasonable to consider both options for discussion and any down selection can be handled during the normative phase.

Proposal 12: For dynamic beamforming information for the NCR-Fwd access link, following timing information indication should be supported:
· Starting symbol/slot for applying indicated beam
· Duration for which the indicated beam is used

Proposal 13: For indication timing information for dynamic beamforming information for the NCR-Fwd access link, following two options can be considered:
· Joint indicting of the beam corresponding timing information
· Separate indication of the beam and corresponding timing information (using TDRA-like indication)

L1/L2 signaling for ON-OFF information
In RAN1#109-e, following agreements related to L1/L2 signaling for ON-OFF information have been made:

Agreement
For indication of NCR-Fwd ON-OFF for efficient interference management and improved energy efficiency, both dynamic and semi-static indication can be considered 
· FFS: RAN1 to consider whether/how to handle the forwarding of broadcast and cell-specific signals/channels.
For the L1/L2 signaling of ON-OFF information, as discussed, both dynamic and semi-static indication can be considered. For semi-static indication, the ON-OFF information can be either explicit or implicit. In case of explicit semi-static ON-OFF, we think that DRX-like framework should be adopted for NCR as well. This would provide the necessary power saving for NCR, while reusing existing framework and avoid any additional specification effort. To ensure forwarding of broadcast and cell-specific signals/channels, the NCR-Fwd can be configured to wake up during the DRX cycle. Furthermore, to provide dynamic behavior, a WUS can be configured to monitor within a window, which indicates whether the corresponding DRX cycle can be powered off such that the power consumption in time domain can be reduced for NCR.  

Proposal 14: For L1/L2 signaling of ON-OFF information, DRX-like operation can be considered as an option for semi-static explicit indication and DRX cycle can be configured to allow periodic forwarding of broadcast and cell-specific signals/channels
· WUS can be considered as well for dynamic indication

In addition, for implicit semi-static indication of ON-OFF information, beam configuration for periodic forwarding of channel/signals can be used as criteria to determine when to turn the NCR-Fwd ON-OFF. In this case, basically the default state of NCR-Fwd can be assumed to be OFF when beam is configured. Moreover, this can be supported for both semi-static and dynamic behavior. 

Proposal 15: For L1/L2 signaling of ON-OFF information, at least semi-static and dynamic beamforming signaling should be used to determined when to turn NCR-Fwd ON-OFF
· By default, this considers the forwarding of all channels/signals including broadcast and cell-specific channels/signals

L1/L2 signaling for UL/DL timing information
In RAN1#109-e, following agreements related to L1/L2 signaling for UL/DL timing information have been made:

Conclusion
Legacy UE mechanism is sufficient to achieve DL/UL timing for NCR-MT

Agreement
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be unnecessary.
· FFS: the impact of internal delay
As also discussed in our companion contribution [3], we determine that the internal delay doesn’t impact or require any additional specification effort as along as guard period between DL and UL is sufficient to contain the overall TA applied at the UE (considering the internal delay). Therefore, we don’t envision any additional L1/L2 signaling in comparison to legacy UE mechanism is needed to achieve DL/UL timing for NCR-MT.

Proposal 16: For L1/L2 signaling of UL/DL timing information for NCR, no additional signaling is necessary due to the impact of internal delay (if guard period duration is longer than the total timing advance value at the UE)

L1/L2 signaling for UL/DL TDD information
In RAN1#109-e, following agreements related to L1/L2 signaling for UL/DL TDD information have been made:

Agreement
For the signaling of information on UL-DL TDD configuration, if the NCR-MT can acquire the TDD configuration as legacy UEs or from the OAM, new signaling may not be necessary.
· Note 1: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if the NCR-MT and the NCR-Fwd are in the same frequency band.
· FFS: Other cases where new signaling may be necessary.
As discussed in our companion contribution [3], for practical deployments, semi-static common UL/DL TDD configuration should be sufficient for NCR to support forwarding of downlink to UE and uplink to gNB. Based on the TDD configuration, NCR should expect to be configured only with downlink forwarding on DL slots/symbols, uplink forwarding on UL slots/symbols and no forwarding on flexible symbols. Further handling of flexible symbols is not necessary considering very limited practical applicability. Therefore, no dynamic signaling for UL/DL TDD configuration is necessary.

Proposal 17: For L1/L2 of UL/DL TDD configuration for NCR, no new signaling is necessary

Conclusion
In this contribution, we have discussed our views on L1/L2 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
· Either to supplement DCI based signaling, or
· As an alternative to DCI based signaling (for example, when the latency requirements are not very stringent)

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: For the access link between NCR-Fwd and UE(s), both semi-static and dynamic indication of beamforming information should be supported for both uplink and downlink

Proposal 11: For the NCR to serve UE(s) via the access link in a transparent manner, source RS based indication can be supported:
· TCI states can be configured to NCR where a TCI state indicates a source RS ID and QCL assumption type (for example type-D for beam information)
· At least SSB and CSI-RS can be configured as source RS for beam information at the NCR for forwarding downlink to UEs and receiving uplink from UEs via access link

Proposal 12: For dynamic beamforming information for the NCR-Fwd access link, following timing information indication should be supported:
· Starting symbol/slot for applying indicated beam
· Duration for which the indicated beam is used

Proposal 13: For indication timing information for dynamic beamforming information for the NCR-Fwd access link, following two options can be considered:
· Joint indicting of the beam corresponding timing information
· Separate indication of the beam and corresponding timing information (using TDRA-like indication)

Proposal 14: For L1/L2 signaling of ON-OFF information, DRX-like operation can be considered as an option for semi-static explicit indication and DRX cycle can be configured to allow periodic forwarding of broadcast and cell-specific signals/channels
· WUS can be considered as well for dynamic indication

Proposal 15: For L1/L2 signaling of ON-OFF information, at least semi-static and dynamic beamforming signaling should be used to determined when to turn NCR-Fwd ON-OFF
· By default, this considers the forwarding of all channels/signals including broadcast and cell-specific channels/signals

Proposal 16: For L1/L2 signaling of UL/DL timing information for NCR, no additional signaling is necessary due to the impact of internal delay (if guard period duration is longer than the total timing advance value at the UE)

Proposal 17: For L1/L2 of UL/DL TDD configuration for NCR, no new signaling is necessary
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