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1      Introduction
In Rel-18, as already specified in SID [1], the following side control information will be examined during SI phase:

· 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]
It has been clearly specified in SID [1] for considered scenarios and fundamental 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.”
This contribution provides our views on L1/L2 control signalling to enable network-controlled repeaters based on the guidance listed in SID. We focus on the signalling details for beamforming information and on/off information in this contribution.

2      Discussions
Beam management information
In RAN1#109e, companies had made several agreements on beam indication for access link:

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

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

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
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
In this contribution we examine several issues based on the agreements made in RAN1#109e for access link beam indication.
Issue 1: Support dynamic beam indication, semi-static beam indication, or both?

Issue 2: How to provide access link beam indication and time-domain granularity of access link beam indication
Considering NCR-forwarded channels/signals from/to gNB could be configured to the served UEs in semi-static, or scheduled to the served UEs in dynamic, both dynamic and semi-static beam indication are necessary for access link. For forwarding of periodic/semi-persistent RS and broadcast PDCCH/PDSCH (e.g., configured by common search space), the beam for access link could be semi-statically unchanged on some symbols/slots with a certain periodicity. In this case, the access link beam indication could be semi-statically provided, e.g., by RRC configuration and/or MAC-CE activation/deactivation. For forwarding of UE-dedicated channels and aperiodic RS, the beam for access link could be dynamically switched based on the scheduled UEs. In this case, the access link beam indication could be indicated by DCI and/or MAC-CE.

Proposal 1: On access link beam indication, support both semi-static and dynamic beam indication
In principle, legacy concept of describing periodic/semi-static/aperiodic reference signals can be reused for beam indication. In the following, we provide more views on semi-static beam indication and dynamic beam indication.
Semi-static beam indication: In current NR, configuration of time domain occasions for periodic/semi-persistent RS or broadcast PDCCH/PDSCH to UE includes at least slot location(s)/duration, symbol location(s)/duration within the slot(s), and periodicity. Thus, semi-static beam indication can be provided in a similar way. In one example, NW can configure a special-type of CSI-RS to NCR-Fwd used for access link beam indication instead of measurement purpose. A similar example in current NR is ZP-CSI-RS, which can be configured to UE for PDSCH rate-marching, where configuration of ZP-CSI-RS is almost the same as NZP-CSI-RS for measurement purpose.

NW can configure one or multiple special-type CSI-RS resources for access link beam indication purpose, e.g., FWD-CSI-RS resources, and multiple FWD-CSI-RS resources can be configured within a same resource set, where each resource set can be set to be periodic or semi-persistent. Each FWD-CSI-RS resource configuration provides at least: slot location(s)/duration, symbol location(s)/duration within the slot(s), periodicity, and beam information (e.g., source RS index, beam index, or TCI state). If an FWD-CSI-RS resource set is set to be semi-persistent, FWD-CSI-RS resources in the resource set can be activated or deactivated by MAC-CE, and the same MAC-CE can provide beam information for each FWD-CSI-RS resource in the activated resource set. NCR-Fwd can determine which beam should be applied to which time domain occasions for access link according to each FWD-CSI-RS resource configuration and the associated beam information. From gNB/UE(s) perspective, these time domain occasions may be used for transmitting P/SP NZP-CSI-RS or broadcast PDCCH/ PDSCH to UE(s).
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Figure 1. Example of semi-static beam indication for forwarding TRS in access link
Figure 1 shows an example for forwarding a set of TRS resources. A set of TRS resources is configured to UE(s) on a certain set of symbols and slots with a certain periodicity, and gNB may control NCR-Fwd to use a certain beam for access link to forward the TRS set by configuring one FWD-CSI-RS resource or four FWD-CSI-RS resources on these certain symbols and slots, with periodicity and beam information for the FWD-CSI-RS resource(s).
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Figure 2. Example of semi-static beam indication for beam training in access link
Such special-type CSI-RS resources can be also used for access link beam training. As the example shown in Figure 2, gNB can configure NCR-Fwd with a set of FWD-CSI-RS resources on a set of certain symbols with a certain periodicity without providing beam information. Due to no beam information is provided for the FWD-CSI-RS resource set, how to apply the beam(s) for access link in these certain symbols is up to NCR-Fwd’s implementation, e.g., NCR-Fwd can perform beam sweeping on these certain symbols for access link. Whether explicit indicator is needed to indicate NCR-Fwd to use different beams or a same beam to forward an FWD-CSI-RS resource set can be further studied.
From a UE’s perspective, it can be configured with a set of NZP-CSI-RS resources for beam measurement/report on certain symbols with a given periodicity, where the NZP-CSI-RS resource set can be configured as “repetition off” and QCL information is absent on these NZP-CSI-RS resources. Based on the configuration, the UE may perform P1 procedure, i.e., beam sweeping, to measure the NZP-CSI-RS resource set in multiple periods to determine the strongest NZP-CSI-RS resource(s) and reports corresponding CRI(s) to gNB. 

Following the settings above for NCR-Fwd and UE, and because gNB maintains the mapping between FWD-CSI-RS resources configured to the NCR-Fwd and NZP-CSI-RS resources configured to the UE by itself, gNB can determine the corresponding FWD-CSI-RS resource(s) based on the beam report from each UE and uses them as source RS(s) for access link beam indication. On the other hand, NCR can report its capability to gNB on how many FWD-CSI-RS resources (per resource set) NCR-Fwd can support to form directional beam for access link. Then, based on the NCR’s capability, gNB can configure a proper number of FWD-CSI-RS resources for access link beam training.

Based on the beam training procedure proposed above, we see NCR-Fwd beamforming for access link can be transparent to gNB and UE, which follows the same principle of beam management in current NR. Moreover, legacy beam measurement/reporting at UE can be directly reused.

Proposal 2: On access link beam indication, introduce a special-type CSI-RS used for periodic/semi-static beam indication (instead of measurement), and ZP-CSI-RS resource/resource set configuration could be reference for further design: 

· Each special-type CSI-RS resource is provided with at least slot location(s)/duration, symbol location(s) within the slot(s), and periodicity
· Each special-type CSI-RS resource is optionally provided with beam information (e.g., source RS index, beam index, or TCI state) thought RRC configuration or MAC-CE activation command
· If provided, NCR-Fwd can perform access link beamforming on the special-type CSI-RS resource based on the beam information

· If not provided, it is up to NCR-Fwd implementation to perform access link beamforming on the special-type CSI-RS resource
· Each special-type CSI-RS resource can be used as source RS for access link beam indication
· NCR can report its capability to gNB on how many special-type CSI-RS resources (per resource set) it can support for access link beam training
Dynamic beam indication: In Rel-15 DL TCI framework and Rel-17 unified TCI framework, dynamic beam indication can be provided though DCI or MAC-CE. Once the DCI or MAC-CE carrying beam indication is received by UE, the new beam determined according to the received beam indication is applied after a beam application time. In Rel-17 unified TCI framework, the beam application time is defined as the first slot that is at least Y symbols after the last symbol of the HARQ-ACK in response to the received DCI or MAC-CE, where Y symbols is configured according to UE capability. In our view the same beam application time can be reused since it is more reliable to perform beam switching after the acknowledgement of the beam indication.

Proposal 3: On access link beam indication, support dynamic beam indication based on DCI or MAC-CE

· The newly indicated beam for access link is applied starting from the first slot that is at least Y symbols after the last symbol of the HARQ-ACK in response to the DCI or MAC-CE received by NCR-MT

· Y is configured based on NCR capability
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Figure 3. Example of each beam switching of access link is indicated per beam indication command
Since one NCR-Fwd may serve multiple UEs, although the beam of access link for a certain UE may be stable for a duration, beam switching may still happen frequently over access link due to gNB scheduling to the multiple UEs. If each beam switching of access link is still indicated by “per-beam” based indication command (MAC-CE or DCI), large signaling overhead caused by frequent beam switching would be a critical issue, as the example shown in Figure 3. The signaling overhead is not only for DL but also for UL since NCR-MT needs to transmit HARQ-ACK for each of the received beam indication commands. To avoid the issue, one potential solution is allowing one beam indication command carries multiple beam information for a set of slots, where the set of slots starts from the first slot that is at least Y symbols after the last symbol of the HARQ-ACK in response to the beam indication command received by NCR-MT.

Proposal 4: On access link beam indication, one beam indication command (DCI or MAC-CE) can carry multiple beam information for multiple slots
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Figure 4. Example of providing semi-static beam indication and dynamic beam indication simultaneously
Since a same symbol may be simultaneously provided with different beam indications by, e.g., semi-static beam indication and dynamic beam indication, how to handle such case can be further study. In one example, dynamic beam indication may be prioritized over semi-static beam indication.
Proposal 5: Study how to handle the case if a same symbol is provided with different beam indications
Issue 3: Whether NCR-Fwd can generate and transmit reference signals?

Based on above, we see beam training for access link can be done if gNB provides proper configurations for beam measurement/reporting to served UE(s) and proper configurations of (semi-static) access link beam indication. From UE’s measurement reporting, gNB can obtain the NCR beam qualities and preferred NCR beams for access link according to the beam report(s). Thus, there is no clear benefit from generating and transmitting reference signals on NCR-Fwd especially generating reference signals like SSB or CSI-RS would largely increase the implementation complexity of NCR-Fwd.

Proposal 6: Not support generating and transmitting reference signals on NCR-Fwd
Issue 4: An access link beam is indicated by a beam index or an index of a source RS?
For access link beam indication, we think an index of a source RS should be supported. Before making agreement on the indication, what the source RS is should be first clarified. The source RS here we mean is the special-type CSI-RS in Proposal 2. As illustrated in proposal 2, by configuring the special-type CSI-RS resources (FWD-CSI-RS resources), the access link beam training procedure is transparent to UE. Besides, the FFS items can be resolved by the solution in the proposal 2. Specifically, we only need to additionally define the FWD-CSI-RS resources. The time domain resource is already included in the configuration for this type of CSI-RS resources as legacy schemes. Moreover, NCR-Fwd can determine which beam should be applied to which time domain occasions for access link according to each FWD-CSI-RS resource configuration and the associated beam information. gNB/UE(s) only know that these time domain occasions may be used for P/SP NZP-CSI-RS or broadcast PDCCH/ PDSCH transmissions to UE(s).
Proposal 7: For access link beam indication, support using an index of a source RS.
Issue 5: Is the time-domain granularity of the access link beam indication slot level or symbol level?

For the time-domain granularity of the access link beam indication, we think both options should be supported. The slot level is needed for slot-level scheduling and has the advantage of saving signaling overhead. On the other hand, symbol level is needed for SSB transmission/forwarding. Hence, we have the following proposal
Proposal 8: For the time-domain granularity of the access link beam indication, support both slot level and symbol level indication.
On/off information
The agreement for on/off information in the previous RAN 1 meeting is: 

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.
Regarding the FFS item, one issue is that when NCR-Fwd is turned off, whether broadcast or cell-specific signals/ channels is transmitted by NCR-Fwd. For this issue, the baseline for NCR-Fwd in off state is to not transmit any signals, where even broadcast and cell-specific signals/channels will be ignored by NCR-Fwd. However, after NCR-
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Fig. 5 Example for allowing periodic RS forwarding in NCR-Fwd off state
Fwd is turned off, it is possible that a newly entered UE is in connected mode may only need to receive period RS for semi-static RRM measurement report or periodic CSI report. In this scenario, allowing NCR-Fwd to forward periodic RS is beneficial for UE’s measurement report when data forwarding is later needed. As shown in Fig. 5, gNB can configure FWD-CSI-RS resource set as discussed in proposal 2 on a certain set of symbols and slots with a certain periodicity, and NCR-Fwd can use a certain beam for access link to forward the periodic RS by these configured resource set. When NCR-Fwd is in off state, these configured resources can be active for NCR-Fwd for periodic RS forwarding.

Proposal 9: Support NCR-Fwd transmission for periodic RS forwarding in off state.
3      Conclusion

In this contribution, we provide our views on side information candidates for supporting Rel-18 network-controlled repeaters. We have the following proposals:
Proposal 1: On access link beam indication, support both semi-static and dynamic beam indication
Proposal 2: On access link beam indication, introduce a special-type CSI-RS used for semi-static beam indication (instead of measurement), and ZP-CSI-RS resource/resource set configuration could be reference for further design: 

· Each special-type CSI-RS resource is provided with at least slot location(s)/duration, symbol location(s) within the slot(s), and periodicity
· Each special-type CSI-RS resource is optionally provided with beam information (e.g., source RS index, beam index, or TCI state) thought RRC configuration or MAC-CE activation command
· If provided, NCR-Fwd can perform access link beamforming on the special-type CSI-RS resource based on the beam information

· If not provided, it is up to NCR-Fwd implementation to perform access link beamforming on the special-type CSI-RS resource
· Each special-type CSI-RS resource can be used as source RS for access link beam indication
· NCR can report its capability to gNB on how many special-type CSI-RS resources (per resource set) it can support for access link beam training
Proposal 3: On access link beam indication, support dynamic beam indication based on DCI or MAC-CE

· The newly indicated beam for access link is applied starting from the first slot that is at least Y symbols after the last symbol of the HARQ-ACK in response to the DCI or MAC-CE received by NCR-MT
· Y is configured based on NCR capability
Proposal 4: On access link beam indication, one beam indication command (DCI or MAC-CE) can carry multiple beam information for multiple slots
Proposal 5: Study how to handle the case if a same symbol is provided with different beam indications
Proposal 6: Not support generating and transmitting reference signals on NCR-Fwd
Proposal 7: For access link beam indication, support using an index of a source RS.
Proposal 8: For the time-domain granularity of the access link beam indication, support both slot level and symbol level indication.
Proposal 9: Support NCR-Fwd transmission for periodic RS forwarding in off state.
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