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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
New SID [1] on network-controlled repeaters has been approved, and multiple types of side control information need to be justified as following. 
	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 this contribution, we provide our view on L1/L2 signaling to convey the side control information.
2. Discussion
2.1. [bookmark: _Ref47611271][bookmark: _Ref47611245]Backhaul link beam indication 
	Agreement
As baseline, the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link if the NCR-MT’s carrier(s) is within the set of carriers forwarded by the NCR-Fwd.
· FFS: additional indication from gNB to determine the beam at NCR-Fwd for backhaul link or implicit determination of the beam at NCR-Fwd for backhaul link 
Note: the same assumption of the beam correspondence is applied for DL/UL of the backhaul link at NCR-Fwd as the DL/UL of the C-link at NCR-MT.



In the last meeting, it has been agreed that Tx/Rx beam of backhaul link is determined from the TCI states configured for C-link. Assuming that gNB-NCR channel is in the slow varying, the Tx/Rx beam of backhaul link could be configured in an implicit way or by a semi-static indication. If the semi-static indication is adopted, the higher signaling, such as MAC CE or RRC, is preferred. 
The Tx/Rx beam of backhaul link may be indicated dynamically in some cases, such as TRP switching at gNB side or NCR ON duration indicated dynamically for supporting a bursty data service. In such cases, L1 signaling could be used to indicate NCR ON duration and the corresponding Tx/Rx beams of backhaul link and access link. 
Furthermore, the modification of the amplifying gain could be informed together with the indication of Tx/Rx beam of backhaul link, to maintain the signal quality stable at UE side.
Proposal 1: Semi-static backhaul beam indication with the higher layer signaling could be adopted, while L1 signaling could be used to indicate the Tx/Rx beam of backhaul beam for the case of dynamic indication.
2.2. Access link beam indication 
	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
Agreement
The time at which the NCR applies an access link beam indication should be considered


In RAN1#109e e-meeting, several agreements have been reached regarding the signaling design for NCR AL beam indication. In this section, some details about the signaling design will be discussed based on the agreements.
Regarding dynamic and/or semi-static beam indication, as discussed in companion paper [2], beam pattern indication can be taken as the baseline. Semi-static beam pattern can be indicated via RRC signaling, e.g., configuring a periodic beam pattern. Dynamic beam pattern should be jointly indicated by RRC and L1(/DCI) signaling, it can be assumed that RRC signaling configures a list of beam patterns, and then DCI will indicate one beam pattern from the pattern list. 
Proposal 2: Support both semi-static beam indication and dynamic beam indication, and pattern-based beam indication is taken as the baseline solution.
Proposal 3: For semi-static beam pattern indication, RRC signaling is used.
Proposal 4: For dynamic beam pattern indication, RRC signaling is used to configure a list of beam patterns, DCI is used to indicate one activated beam pattern from the configured pattern list.
Besides the beam pattern indication, the cell-specific signal/channel transmission resource and the associated beam can be indicated to NCR in semi-static manner, e.g., via RRC signaling. Moreover, the aperiodic CSI-RS/SRS transmission resource and the associated beam can be indicated to NCR in dynamic manner, e.g., via DCI or RRC+DCI. 
Proposal 5: The cell-specific signal/channel transmission resource and the associated beam are indicated to NCR in semi-static manner, e.g., via RRC signaling.
Proposal 6: The aperiodic CSI-RS/SRS transmission resource and the associated beam are indicated to NCR in dynamic manner, e.g., via DCI or RRC+DCI.
Regarding whether to support slot-level and/or symbol level beam indication. Our preference is symbol level beam indication, at least for CSI-RS/SRS/cell-specific signaling forwarding, symbol level indication should be supported. Also, for the AL beam pattern indication, symbol group can be considered as the indication granularity, e.g., for DL part of a slot, one beam is indicated; for UL part of a slot, another beam is indicated. 
[bookmark: _Hlk110429289]Proposal 7: At least support symbol level AL beam indication. 
· FFS single symbol level or symbol group level indication.
[bookmark: _GoBack]Regarding whether beam index or RS index is used for beam indication. Our preference is down-select one of them. In principle, for AL beam indication, the time resource and an ID is indicated to NCR, the ID is used for NCR beam indication, the ID can be termed as either beam index or RS index.
Proposal 8: Down-select one of beam index and RS index for AL beam indication.
2.3. ON-OFF information 
	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.


As discussed in our companion paper [2], both the semi-static configuration and dynamic indication to determine the ON-OFF state should be supported. The semi-static ON-OFF pattern can be configured periodically as baseline. Considering the spectral efficiency of the system and the interference within the system or power of the NCR, dynamic signaling can be used to match the potential burst traffic of UEs that access the NCR. 
The Semi-static ON-OFF pattern can be indicated via RRC signaling, e.g., configuring a periodic ON-OFF pattern. Dynamic ON-OFF pattern should be jointly indicated by RRC and L1(/DCI) signaling, it can be assumed that RRC signaling configures a list of ON-OFF patterns, and then DCI will indicate one ON-OFF pattern from the pattern list.
Proposal 9: Semi-static and dynamic signaling should be supported to indicate the ON-OFF state of the NCR.
Proposal 10: For semi-static ON-OFF pattern indication, RRC signaling is used.
Proposal 11: For dynamic ON-OFF pattern indication, RRC signaling is used to configure a list of beam patterns, DCI is used to indicate one activated ON-OFF pattern from the configured pattern list.
Another question is how to handle the forwarding of broadcast and cell-specific signals/channels. In our opinion, the resource of cell-specific signal (e.g., SSB, type0-PDCCH CSS, PRACH, etc.) should be set to the ON state. If not, the UE cannot access the NCR and/or gNB. 
Proposal 12: The resource used for cell-specific signal/channel transmission is informed to NCR, the NCR should be set to ON state on those resources.
2.4. TDD information 
	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 agreed in RAN1#109e e-meeting, the NCR-MT can acquire the TDD configuration as legacy UEs. As baseline, TDD configurations for the NCR can be semi-static TDD configurations (including cell-specific TDD and UE-specific TDD configuration). However, if the network supports setting the flexible symbol to UL or DL dynamically, the DCI format 2_0 should be supported to determine the UL/DL of the NCR.
Proposal 13: The legacy cell-specific TDD and UE-specific TDD configuration acquired by the NCR-MT are used to set the TDD configuration of the NCR. 
Proposal 14: If the network supports setting the flexible symbol to UL or DL dynamically, DCI format 2_0 acquired by NCR-MT should be used to determine the TDD of the NCR. 
2.5. Timing information 
	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 discussed in our companion contribution [2], considering the internal processing delay of NCR from different vendors may be different, the internal delay should be known by the gNB to ensure the performance of data transmission. Therefore, we propose
Proposal 15: The internal processing delay of NCR should be reported to the gNB.
2.6. Power control information
As discussed in companion paper [2], the gain of NCR should be adjusted according to the pathloss between gNB and NCR. The pathloss depends on the backhaul channel condition, which may vary relatively dynamically, so the NCR gain control signaling should be relatively dynamic. However, considering the large-scale fading may not vary very fast, it can be assumed that MAC CE is used for the NCR gain indication.
Proposal 16: MAC CE is used for the NCR gain indication.
3. Conclusion
This contribution focus on L1/L2 signaling to convey the side control information and the following are proposed,
Proposal 1: Semi-static backhaul beam indication with the higher layer signaling could be adopted, while L1 signaling could be used to indicate the Tx/Rx beam of backhaul beam for the case of dynamic indication.
Proposal 2: Support both semi-static beam indication and dynamic beam indication, and pattern-based beam indication is taken as the baseline solution.
Proposal 3: For semi-static beam pattern indication, RRC signaling is used.
Proposal 4: For dynamic beam pattern indication, RRC signaling is used to configure a list of beam patterns, DCI is used to indicate one activated beam pattern from the configured pattern list.
Proposal 5: The cell-specific signal/channel transmission resource and the associated beam are indicated to NCR in semi-static manner, e.g., via RRC signaling.
Proposal 6: The aperiodic CSI-RS/SRS transmission resource and the associated beam are indicated to NCR in dynamic manner, e.g., via DCI or RRC+DCI.
Proposal 7: At least support symbol level AL beam indication. 
· FFS single symbol level or symbol group level indication.
Proposal 8: Down-select one of beam index and RS index for AL beam indication.
Proposal 9: Semi-static and dynamic signaling should be supported to indicate the ON-OFF state of the NCR.
Proposal 10: For semi-static ON-OFF pattern indication, RRC signaling is used.
Proposal 11: For dynamic ON-OFF pattern indication, RRC signaling is used to configure a list of beam patterns, DCI is used to indicate one activated ON-OFF pattern from the configured pattern list.
Proposal 12: The resources used for cell-specific signal/channel transmission are informed to NCR, the NCR should be set to ON state on those resources.
Proposal 13: The legacy cell-specific TDD and UE-specific TDD configuration acquired by the NCR-MT are used to set the TDD configuration of the NCR. 
Proposal 14: If the network supports setting the flexible symbol to UL or DL dynamically, DCI format 2_0 acquired by NCR-MT should be used to determine the TDD of the NCR. 
Proposal 15: The internal processing delay of NCR should be reported to the gNB.
Proposal 16: MAC CE is used for the NCR gain indication.
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