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1. Introduction
In RAN1#109e meeting, following agreements were made for NCR side control information [1].
	 Agreement
At least for FR2, beam information is beneficial and recommended as the side control information for network-controlled repeater to control the behaviour of NCR at least for access link
· FFS: Detailed mechanism of indication.
· Note: There are no supporting evaluation results on FR1 at this point to reach similar conclusion
Agreement
Both fixed beam and adaptive beam can be considered at NCR for both C-link and backhaul-link.
· FFS: the mechanism for indication and determination of beam.
· Note: Fixed beam refers to the case that beam at NCR for both C-link and backhaul-link cannot be changed.
Agreement
ON-OFF information is beneficial and recommended for network-controlled repeater to control the behaviour of NCR-Fwd.
· FFS: Detailed mechanism of ON-OFF indication and determination
· FFS: explicit indication or implicit indication of ON-OFF information
Agreement
Both the dynamic indication and semi-static indication can be considered for the beam of access link for NCR-Fwd.
· FFS: the details of each indication
· FFS: the maximum number of beams configured for NCR-Fwd access link
Agreement
The following options can be considered to indicate the ON-OFF information from gNB to NCR for controlling the behaviour of NCR-Fwd:
· Option 1: Explicit indication with on-off state (e.g., via dynamic or semi-static signalling) or on-off pattern (e.g., periodic/semi-static ON-OFF pattern or new DRX-like pattern for ON-OFF)
· Option 2: Implicit indication via the signalling for other information (e.g., beam, DL/UL configuration, or PC information)
· Note: This example does not imply that PC information is necessary or not.
· Other solutions (e.g., potential combination of explicit and implication solution) can be further discussed.
Agreement
Capture the following assumption of network-controlled repeater in TR 38.867.
· As baseline, same large-scale properties of the channel, i.e., channel properties in Type-A and Type-D (if applicable), are expected to be experienced by C-link and backhaul link (at least when the NCR-MT and NCR-Fwd operating in same carrier). 
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
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.
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
The time at which the NCR applies an access link beam indication should be considered.
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


As discussed in our companion paper [2], new signaling may not be necessary for TDD configuration, timing, and power information. But new signaling is needed at least for beamforming information and ON-OFF information.
In this contribution, we discuss L1/L2 signaling to carry the side control information for beamforming information and ON-OFF information of NW controlled repeater.
2. Discussion 
2.1 Beamforming at NCR-Fwd for backhaul link
It was agreed that beamforming information for NCR is beneficial. For beamforming at NCR-Fwd for backhaul link, it was agreed that the same TCI states as C-link are assumed for beam at NCR-Fwd for backhaul link. For beam management at NCR-MT for C-link, beam management framework for normal UE can be reused. For normal UE, in Rel-15/16, TCI state can be indicated per channel/RS, which is very flexible but also complex. In Rel-17, considering that gNB may indicate a same TCI state for most DL/UL channels/RSs, unified TCI framework was introduced for more efficient beam management. With Rel-17 unified TCI framework, the indicated unified TCI state can be applied to multiple DL/UL channels/RSs. For beam management at NCR-MT for C-link, the flexible beam management as Rel-15/16 UE may not be needed and Rel-17 unified TCI framework is more suitable and can be supported. 
Proposal 1:  
·  Support Rel-17 unified TCI framework for beam management at NCR-MT for C-link.
For beamforming at NCR-Fwd for backhaul link, additional indication may not be needed. It was agreed in the last meeting that C-link and backhaul link may be performed simultaneously or in TDM way. At a time unit when C-link and backhaul link are performed simultaneously, the TCI state indicated for NCR-MT C-link can be used for both C-link and backhaul link. At a time unit when there is only backhaul link, with Rel-17 unified TCI framework used for C-link, the indicated unified TCI can be used for backhaul link.
Proposal 2:  
· At a time unit when C-link and backhaul link are performed simultaneously, the TCI state indicated for NCR-MT is used for both C-link and backhaul link.
Proposal 3:  
· At a time unit when there is only backhaul link, with Rel-17 unified TCI framework used for NCR-MT at C-link, the indicated unified TCI can be used for NCR-Fwd backhaul link.

2.2 Beamforming at NCR-Fwd for access link
For beamforming at NCR-Fwd for access link, semi-static and dynamic indication were discussed in the last meeting. From our perspective, both semi-static and dynamic indication can be supported, since there are both semi-static and dynamic channels/signals in the system to be forwarded by NCR. For semi-static channels/signals, semi-static indication can be beneficial for reducing signaling overhead. For dynamic channels/signals, dynamic indication can be beneficial for flexibility.  
Proposal 4:  
· Support both semi-static and dynamic indication for beamforming at NCR-Fwd for backhaul link.
For semi-static beam indication for NCR-Fwd at access link, a periodic beam pattern can be indicated. An NCR access link beam can be indicated for each time unit (e.g., slot/symbol) in the periodicity. 
[image: ]
Figure1. semi-staitc indication of peridic pattern of NCR access link beam
Proposal 5:  
· For semi-static beam indication for NCR-Fwd at access link, a periodic beam pattern can be indicated. An NCR access link beam can be indicated for each time unit (e.g., slot/symbol) in the periodicity.
For dynamic beam indication for NCR-Fwd at access link, following options can be considered. 
· Option1: a signaling carrying side control information indicates NCR access link beamforming information for a list of time units (e.g., symbol/slot). For example, an NCR access link beam can be indicated for each time unit in a list of time units.
· Option2: a signaling carrying side control information indicates an NCR access link beam and the beam is applicable until a new indication. The gap between the beam indication and the starting of applicable time of the indicated beam can be fixed or semi-statically configured.
Option1 can be beneficial if gNB may decide NCR-Fwd beam to be used at access link for several upcoming slots, since with receiving one such signaling NCR can be aware of NCR-Fwd access link beam information for several upcoming slots. Option2 can be beneficial for more flexible scheduling and NCR-Fwd access link beam indication.
[image: ]
Option 1 
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Option 2 
Figure2. dynamic indication of NCR access link beam

Proposal 6: 
· For dynamic beam indication for NCR-Fwd at access link, following options can be considered.
· Option1: a signaling carrying side control information indicates NCR access link beamforming information for a list of time units (e.g., symbol/slot).  
· Option2: a signaling carrying side control information indicates an NCR access link beam and the beam is applicable until a new indication.  
Regarding granularity in time domain of NCR access link beam indication, per slot and per symbol beam indication were discussed. For some cases, e.g., when NCR forwards SSB/CSI-RS from gNB to UE, different NCR access link beams are needed for different symbols in a slot, thus, per symbol NCR access link beam indication is needed. But supporting per symbol beam indication only will largely increase signaling overhead. On the other hand, for some cases, e.g., when NCR forwards UE-specific DL/UL channel, per slot NCR access link beam indication may be sufficient and could reduce signaling overhead. Thus, to achieve a good trade-off between signaling overhead and indication flexibility, following options can be considered.
· [bookmark: _Hlk110873641]Option1: support per symbol group beam indication for NCR-Fwd at access link. The size of symbol group can be RRC configured.
· Option2: support combination of per slot and per symbol beam indication for NCR-Fwd at access link. In some slots, NCR-Fwd access link beams are indicated per slot, while in other slots, NCR-Fwd access link beams can be indicated per symbol.
Proposal 7: 
· Regarding granularity in time domain for beam indication for NCR-Fwd at access link, following options can be considered.
· Option1: support per symbol group beam indication for NCR-Fwd at access link.
· Option2: support combination of per slot and per symbol beam indication for NCR-Fwd at access link. In some slots, NCR-Fwd access link beams are indicated per slot, while in other slots, NCR-Fwd access link beams can be indicated per symbol.
In the last meeting, whether a NCR access link beam is indicated by a “beam index” or “source RS index” was discussed. With “beam index”, a “beam index” can directly refer to an NCR access link beam, which is more straightforward. With “source RS index”, a gNB RS index (i.e., SSB index/CSI-RS index) can be used and different gNB RS index can be associated with different NCR access link beam. A benefit of using gNB RS index is that gNB RS configuration at NCR-MT can be reused and new term like “beam index” does not need to be introduced. However, a drawback is that if CSI-RS index is used to indicate NCR access link beam, configuration of CSI-RS at NCR-MT will be impacted by beamforming control of NCR-Fwd at access link, for example, if the number of NCR-Fwd beams to be used at access link is N, N CSI-RS resources need to be configured for NCR-MT. Thus, “beam index” is preferred for NCR access link beam indication.  
Proposal 8: 
· NCR access link beam is indicated by “beam index”

2.3 ON-OFF information
It was agreed that ON-OFF information is beneficial for NCR. For ON-OFF information, semi-static and dynamic indication were discussed in the last meeting. From our perspective, both semi-static and dynamic indication can be supported. For semi-static channels/signals to be forwarded by NCR, semi-static indication can be beneficial for reducing signaling overhead. For dynamic channels/signals to be forwarded by NCR, dynamic indication can be beneficial for flexibility. Thus, both semi-static and dynamic beam indication can be supported.
Proposal 9:  
· Support both semi-static and dynamic indication for ON-OFF information.
For ON-OFF indication, explicit indication and implicit indication via other indication (e.g., beam/power) were discussed.  From our perspective, implicit indication via beam or power indication may be beneficial for signaling overhead reduction. However, whether ON-OFF information can be implicitly indicated by beam indication or power indication depends on how the signaling of beamforming information or power information is designed. For now, whether side control information is introduced for NCR power control has not been decided, and how to indicate beamforming information is also under discussion. Furthermore, beam or power control may be optional for NCR, if ON-OFF can only be implicitly indicated by beam or power indication, it means ON-OFF control is supported only when beam or power control is supported. Thus, from our perspective, at least explicit indication of ON-OFF should be supported.  
Proposal 10:  
· Support explicit indication of ON-OFF.
For semi-static ON-OFF indication, a periodic pattern of ON/OFF can be indicated. An ON/OFF status can be indicated for each time unit (e.g., slot) in the periodicity. 
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Figure3. semi-staitc indication of peridic pattern of ON-OFF
Proposal 11:  
· For semi-static ON-OFF indication, a periodic pattern can be indicated. An ON/OFF status can be indicated for each time unit (e.g., slot) in the periodicity.
For dynamic ON-OFF indication, following options can be considered. 
· Option1: a signaling carrying side control information indicates ON-OFF information for a list of time units (e.g., slot). For example, a ON/OFF status can be indicated for each time unit in a list of time units.
· Option2: a signaling carrying side control information indicates an ON/OFF status is and it is applicable until a new indication. The gap between the indication and the starting of applicable time of the indication can be fixed or semi-statically configured.
Option1 can be beneficial if gNB may decide ON-OFF status of NCR for several upcoming slots. Option2 can be beneficial for more flexible NCR ON-OFF control.
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Option 2
Figure4. dynamic indication of NCR ON-OFF
Proposal 12: 
· For dynamic beam indication for NCR-Fwd at access link, following options can be considered.
· Option1: a signaling carrying side control information indicates ON-OFF information for a list of time units (e.g., slot).  
· Option2: a signaling carrying side control information indicates an ON/OFF status is and it is applicable until a new indication.  
Furthermore, the granularity in time domain of ON-OFF indication needs to be discussed. From our perspective, for ON-OFF control, per symbol indication is flexible but may cause larger overhead and may not be necessary. Per slot or per multi-slot ON-OFF indication may be sufficient and is beneficial for signaling overhead reduction. Thus, per slot or per multi-slot ON-OFF indication can be considered.
Proposal 13: 
· Consider per slot or per multi-slot ON-OFF indication.

3. Conclusion
In this contribution, we discussed L1/L2 signaling to carry the side control information for NW controlled repeater. Based on the discussion, we made following proposals.
Proposal 1:  
·  Support Rel-17 unified TCI framework for beam management at NCR-MT for C-link.
Proposal 2:  
· At a time unit when C-link and backhaul link are performed simultaneously, the TCI state indicated for NCR-MT is used for both C-link and backhaul link.
Proposal 3:  
· At a time unit when there is only backhaul link, with Rel-17 unified TCI framework used for NCR-MT at C-link, the indicated unified TCI can be used for NCR-Fwd backhaul link.
Proposal 4:  
· Support both semi-static and dynamic indication for beamforming at NCR-Fwd for backhaul link.
Proposal 5:  
· For semi-static beam indication for NCR-Fwd at access link, a periodic beam pattern can be indicated. An NCR access link beam can be indicated for each time unit (e.g., slot/symbol) in the periodicity.
Proposal 6: 
· For dynamic beam indication for NCR-Fwd at access link, following options can be considered.
· Option1: a signaling carrying side control information indicates NCR access link beamforming information for a list of time units (e.g., symbol/slot).  
· Option2: a signaling carrying side control information indicates an NCR access link beam and the beam is applicable until a new indication.  
Proposal 7: 
· Regarding granularity in time domain for beam indication for NCR-Fwd at access link, following options can be considered.
· Option1: support per symbol group beam indication for NCR-Fwd at access link.
· Option2: support combination of per slot and per symbol beam indication for NCR-Fwd at access link. In some slots, NCR-Fwd access link beams are indicated per slot, while in other slots, NCR-Fwd access link beams can be indicated per symbol.
Proposal 8: 
· NCR access link beam is indicated by “beam index”
Proposal 9:  
· Support both semi-static and dynamic indication for ON-OFF information.
Proposal 10:  
· Support explicit indication of ON-OFF.
Proposal 11:  
· For semi-static ON-OFF indication, a periodic pattern can be indicated. An ON/OFF status can be indicated for each time unit (e.g., slot) in the periodicity.
Proposal 12: 
· For dynamic beam indication for NCR-Fwd at access link, following options can be considered.
· Option1: a signaling carrying side control information indicates ON-OFF information for a list of time units (e.g., slot).  
· Option2: a signaling carrying side control information indicates an ON/OFF status is and it is applicable until a new indication.  
Proposal 13: 
· Consider per slot or per multi-slot ON-OFF indication.
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