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Introduction
In the new WID approved in RAN 97-e [1], the objectives and the scope of Rel-18 network-controlled repeater are listed as follows:
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.

This contribution provides our views on the side control information, including beam management, TDD configuration and on/off indication. 
Discussions
Beam indication for access link of NCR-Fwd
The agreements related to beam indication for access link of NCR-Fwd in the previous RAN1 meeting are:
Agreement
Beam index is used to indicate an access link beam (Option 1) 

Agreement
Both slot-level and symbol-level granularity are recommended for the time-domain resource indication and determination of the access link beam.

Agreement
Both dynamic beam indication and semi-static beam indication are recommended for access link.
· Note: the semi-static beam indication includes the semi-persistent indication.

Agreement
The following information can be used to characterize the physical beam(s) supported by NCR-Fwd for access link: 
· Number of beams supported for access link
· FFS: How to define the detailed value (e.g., per beam type)
· FFS: Whether the number of beam can be derived by beam layout
· Spatial relationship between different beams
· FFS: Beam types defined by the beam width (e.g. two types as wide beam and narrow beam type)
· FFS: Beam direction defined by the boresight of beam
· FFS: Whether/How to deliver this information to gNB
· FFS: Coverage area for each beam type
· FFS: Beam ID (via explicit or implicit means) 

Agreement
The following methods are supported for access link beam indication:
· Single beam index per indication is supported to indicate one beam.
· The indication of multiple beams in one indication is supported
· Note: The multiple beams are applied in TDMed over same frequency resource

Agreement
Confirm the WA that in access link, a DL beam and a UL beam which are correspondent with each other have the same beam index.

Agreement
Following parameters should be supported to define the time resource:
· For a periodic and/or semi-persistent configured time resource, starting time, duration per beam(s) and periodicity is needed.
· For aperiodic indication of time resource, starting time and duration per beam(s) is needed.  
· FFS: The SCS for starting time, duration, and periodicity
· FFS: How to define the duration, e.g., via the length of time resource or resource index(es)
· FFS: Whether indication of starting time can be implicit (e.g., the first slot after the time to apply the received beam indication and the first OFDM symbol in the slot)


Based on the agreements made in RAN1#110, both semi-static and dynamic beam indication are recommended for access link. Furthermore, beam index is used to indicate an access link beam, and the time domain resource corresponding to an access link beam should be explicitly indicated per beam indication.
In the following, we provide our views on semi-static beam indication and dynamic beam indication.
Semi-static beam indication
In current NR, configuration of time domain resources 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 RAN1#110bis, the following parameters were agreed to configure time domain resource for semi-static beam indication:
· Starting time
· Duration per beam(s)
· Periodicity
In order to support activation/deactivation for semi-persistent beam indication, we suggest to define “beam indication set”: multiple semi-static beam indications can be configured within a same beam-indication set, where each set can be configured as periodic or semi-persistent. A semi-persistent beam-indication set can be activated or deactivated by MAC-CE.
Based on the configuration for semi-static beam indication, NCR-Fwd can determine which access-link beam (ALB) should be applied to which time domain resource(s) for access link. Note that how NCR-Fwd performs beamforming according to an ALB index shall be up to NCR implementation and transparent to gNB/UE. Additional beam characteristics describing spatial relationship among beams may be helpful for beam management procedures. From gNB’s perspective, these time domain resources associated with semi-static beam indication may be used for transmitting P/SP NZP-CSI-RS or broadcast PDCCH/ PDSCH to UE(s). Semi-static beam indication can be also used for access link beam training. As the example shown in Figure 1, gNB can configure a set of semi-static beam indications on a set of certain symbols with a certain periodicity. The semi-static beam indications are associated different ALBs, respectively. Based on the set of semi-static beam indications, NCR-Fwd performs beam sweeping on these certain symbols for access link. From a UE’s perspective, it can be configured with a set of NZP-CSI-RS resources for beam measurement and 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 for beam measurement and report, 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 above respective settings for NCR-Fwd and UE, and because gNB maintains the mapping between time domain resources configured for the set of semi-static beam indications and NZP-CSI-RS resources configured to the UE by itself, gNB can determine the best ALB based on the beam report from each UE and use it for subsequent forwarding. On the other hand, NCR can report its capability to gNB on how many ALBs it can support for access link. Then, based on the NCR’s capability, gNB can configure a proper number of ALBs 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 and reporting in NR can be reused.
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Figure 1. Example of semi-static beam indication for beam training in access link
Based on the discussion above, we have the following proposals for NCR beam indication:
Proposal 1: Define “beam indication set”. Multiple semi-static beam indications can be configured within a same set, where each set can be configured as periodic or semi-persistent
· A semi-persistent set can be activated or deactivated by MAC-CE

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 can be 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 2: Support dynamic beam indication based on DCI or MAC-CE for access link
· 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, where Y is configured based on NCR capability or pre-defined in spec (e.g., 3 ms)

One dynamic beam indication should provide at least the following information:
· Access link beam (ALB) index
· Slot duration
Based on above information indicated by DCI/MAC-CE, NCR-Fwd can determine which ALB should be applied to the slot(s) starting from the beam application time for access link. 
Since one NCR-Fwd may serve multiple UEs, although the ALB 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 will be a critical issue, as the example shown in Figure 2. 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. 
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Figure 2. Example of each beam switching of access link is indicated per beam indication command
To avoid the issue, one potential solution is allowing one beam indication command carries multiple ALBs 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. In one example, one dynamic beam indication can provide multiple pairs of {ALB-index(n), Slot-duration(n)}. If NCR receives a beam indication DCI/MAC-CE, NCR-Fwd shall apply access link beamforming:
· Based on ALB-index(0) for Slot-duration(0) slots starting from the beam application time
· Based on ALB-index(1) for Slot-duration(1) slots after Slot-duration(0) starting from the beam application time
· Based on ALB-index(2) for Slot-duration(2) slots after Slot-duration(1) + Slot-duration(0) starting from the beam application time
· And so on
Thus, for the example shown in Figure 2, NW can indicate the followings in one dynamic beam indication:
· {ALB#5, 2 slots}
· {ALB#2, 1 slot}
· {ALB#3, 3 slots}
· {ALB#1, 1 slot}
· {ALB#8, 2 slots}
Given that “the indication of multiple beams in one indication is supported” had been agreed in RAN1#110bis, here we further propose:
Proposal 3: A dynamic beam indication should provide N pairs of {access link beam index, slot duration}; N is configurable.
Since a same symbol/slot may be simultaneously provided with different beam indications by, e.g., semi-static beam indication and dynamic beam indication, or multiple dynamic beam indications, how to handle such case can be specified. In one example, dynamic beam indication may be prioritized over semi-static beam indication, or a later dynamic beam indication can overwrite the previous one. Although gNB may avoid collided beam indication for each slot, such priority rules are helpful to provide flexibility for beam control, especially for multi-user cases where scheduling could be very dynamic.
[bookmark: _Hlk118453621]Proposal 4: If a same symbol/slot is provided with multiple beam indications associated with different access link beam indexes, priority rules should be specified for different types of indications.

For information used to characterize the physical beam(s) in access link, we think number of supported beams, spatial relationship between different beams, and beam ID are sufficient. The spatial relationship between different beams can be described by whether beams are overlapped with one another. For instance, as shown in Fig. 3, NCR is able to form two wide beams w1 and w2, and 8 narrow beams n1~n8. This example had been shown in [2]. In Fig. 3, beam w1 are overlapped with beams n1~n4, whereas beam w2 are overlapped with beams n5~n8. Since signal quality for each non-overlapped beam may be very different, gNB needs to know if two beams are overlapped with each other. If two beams are overlapped, it is not efficient to train twice for these two beams with similar coverage during beam training procedure. In the example of Fig. 3, NCR only needs to deliver the information to gNB that wide beam w1 is associated with narrow beam n1~n4; wide beam w2 is associated with narrow beam n5~n8, and gNB will be aware of the beam characteristic in access link. On the other hand, a gNB does not have information of relative position between a NCR and a UE, reporting coverage area or beam direction is not a straightforward solution for a gNB to understand the relationship between beams for efficient beam training procedure, and may cause significant signalling overhead for the report.

Following the discussion above, we propose a possible design like legacy QCL indication framework for characterizing the physical beam. For each physical beam that NCR can support, it may include the following information:
· beam index;
· a pointer pointing to another wide beam if its coverage is within the wide beam. If the beam itself is a wide beam, the pointer is not present.
Since NCR would not intend to apply overlapped narrow beams or overlapped wide beams, it may not be necessary to define what non-overlapped beams are, to avoid efforts in RAN4.     
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Fig. 3 Example of wide beams and narrow beams

[bookmark: _Hlk118452880]Proposal 5: For characterizing physical beams supporting by a NCR, each physical beam is associated with the following information:
•	a beam index;
•	a pointer pointing to another wide beam if its coverage is within the wide beam. If the beam itself is a wide beam, the pointer is not present.

On/Off Information
The agreement related to on/off information in the previous RAN 1 meeting is:
Agreement
For the ON/OFF information indication, at least one of following options is supported to indicate the ON state of NCR
· Alt-1: Explicit indication with dedicated field to indicate ON state
· Note: At least it’s supported when the beam indication is not applicable
· Alt-2: Implicit indication via the beam indication
· Alt-3: Indication via the time domain resource indication (i.e., the NCR is assumed to be ON over the indicated time domain resource)

The main issue for on/off information for NCR is whether explicit on/off indication needs to be supported. In our view, explicit on indication (Alt 1) should be supported. As it is still undecided to support beam indication for NCR in FR1, the applicability of implicit indication for on state using beam indication is an open question. Moreover, even if RAN 1 eventually agreed to support beam indication for NCR in FR1, it’s likely to be an optional capability, whereas NCR needs on/off indication when beam indication is not available. Regarding Alt-2 and Alt-3, we are ok with them, because it would not lead to additional signalling overhead. 
Proposal 6: For indication of on state for NCR, support Alt-1, Alt-2, and Alt-3.
On the other hand, we think it is necessary to support explicit off indication for several reasons. (i) When no users need services provided by NCR, e.g., at mid-night, explicit off indication can be used to turn off NCR-Fwd for power saving. (ii) If a gNB needs to cancel/overwrite one of the pre-configured pair of beam index and time-domain resource, an explicit off indication can be used. Although gNB can also choose to retransmit a new configured beam index and time-domain resource, explicit off indication has the advantage of low signalling overhead.
Proposal 7: Support explicit off indication for NCR-Fwd link.
Another agreement related to on/off information in the RAN 1 110 meeting is: 
Agreement
The NCR-Fwd is always expected to be “OFF” unless otherwise explicitly or implicitly indicated by gNB.
· Note-1: This applies to the case regardless of the RRC state of NCR-MT.
· Note-2: Indication (e.g., received when NCR-MT in RRC-connected) or DRX state of NCR-MT to control the ON-OFF behaviour of NCR-Fwd when the NCR-MT is in RRC-idle/inactive is not precluded.
The above is not meant to imply any signalling design for NCR-Fwd ON-OFF.
An open issue for the above agreement is whether on/off behavior of NCR-Fwd should be controlled when NCR-MT is in RRC idle/inactive state. In the previous meeting, companies mentioned that this issue should be discussed after RAN 2 decides the supported RRC states for NCR-MT. While in the last RAN 2 meeting, RRC idle state was agreed for NCR-MT as follows [3]:
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Based on the above agreement, RAN 1 should discuss on/off behavior when NCR-MT is in RRC idle state. In our view, NCR-MT should be able to receive on/off indication for NCR-Fwd regardless of its RRC state as long as gNB wants to transmit any signal. In RRC idle state, a legacy UE will monitor PDCCH during paging occasion periodically to see if there is (i) scheduling information for paging signal on PDSCH, or (ii) short message to indicate the modification of system information. As shown in Fig. 4, a feasible solution for NCR-MT to control on/off behavior of NCR-Fwd in RRC idle state is to let gNB transmit on/off indication during paging occasion.
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Figure 4. Example of base station transmitting NCR-Fwd on/off indication during paging occasion
Proposal 8: When NCR-MT is in RRC idle state, NCR-Fwd on/off indication can be transmitted during paging occasion.

Information on UL-DL TDD configuration
The agreement for UL-DL TDD configuration in the previous RAN 1 meeting is: 
Agreement(done)
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), the default behavior of the NCR-Fwd is expected to be OFF or not forwarding over these symbols
· FFS: The behavior over these symbol if dynamic DL/UL operation is supported by NCR-MT and/or NCR-Fwd.

The remaining issue for TDD configuration is whether NCR supports dynamic DL/UL operation over flexible symbols when NCR-MT supports DTDD. In our view, dynamic TDD configuration for NCR is an unnecessary optimization for NCR without clear use case. We suggest following the same behavior that had been agreed: the default behavior of the NCR-Fwd is expected to be OFF or not forwarding over these symbols. 
Proposal 9: If dynamic DL/UL operation is supported by NCR-MT, the default behavior of the NCR-Fwd is expected to be OFF or not forwarding over these symbols
Conclusion
In this contribution, we provide our views on designs for side information supporting Rel-18 network-controlled repeaters. We have the following proposals:
Proposal 1: Define “beam indication set”. Multiple semi-static beam indications can be configured within a same set, where each set can be configured as periodic or semi-persistent
· A semi-persistent set can be activated or deactivated by MAC-CE

Proposal 2: Support dynamic beam indication based on DCI or MAC-CE for access link
· 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, where Y is configured based on NCR capability or pre-defined in spec (e.g., 3 ms)

Proposal 3: A dynamic beam indication should provide N pairs of {access link beam index, slot duration}; N is configurable.

Proposal 4: If a same symbol/slot is provided with multiple beam indications associated with different access link beam indexes, priority rules should be specified for different types of indications.

Proposal 5: For characterizing physical beams supporting by a NCR, each physical beam is associated with the following information:
•	a beam index;
•	a pointer pointing to another wide beam if its coverage is within the wide beam. If the beam itself is a wide beam, the pointer is not present.

Proposal 6: For indication of on state for NCR, support Alt-1, Alt-2, and Alt-3.

Proposal 7: Support explicit off indication for NCR-Fwd link.

Proposal 8: When NCR-MT is in RRC idle state, NCR-Fwd on/off indication can be transmitted during paging occasion

Proposal 9: If dynamic DL/UL operation is supported by NCR-MT, the default behavior of the NCR-Fwd is expected to be OFF or not forwarding over these symbols
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