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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
New WID [1] on network-controlled repeaters (NCR) has been approved, and multiple types of side control information need to be justified as following. 
	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.


In this contribution, we provide our view on the side control information.
2. [bookmark: _Ref47611271][bookmark: _Ref47611245]Discussion
2.1. Beamforming information
Beam for BH link
In RAN1#110 meeting [2], two possible schemes have been proposed for determining the beam for the backhaul link. In this section, we will discuss the detailed principles for determining the backhaul beam, including the relation between the beam used on the control link, QCL parameters, and the impact of UE mobility.
	Agreement
In case that adaptive beams are adopted for C-link and backhaul link, the following mechanisms can be considered for the indication and determination of beams of backhaul link:
· Option 1: The beam of backhaul link is indicated by a new signaling.
· The new signaling is dynamic signaling and/or semi-static signaling (e.g., RRC signaling/ MAC CE) indicating a beam(s) from the set of beams of the C-link
· This does not imply that the beam of backhaul link is always indicated by the new signaling
· Option 2: The beam of backhaul link is determined by a pre-defined rule.
· In slots/symbols with simultaneous DL receptions / UL transmissions in both C-link and backhaul link, the beam of backhaul link is the same as the beam of C-link. Otherwise, the beam of backhaul link follows one of the beams of the C-link.
· Other predefined rules are not precluded


Network control repeater is constructed with NCR-MT and NCR-Fwd. NCR-MT may work in Rel-15/16 or Rel-17. if Rel-15/16 NCR-MT is adopted, Rel-15/16 beam indication mechanism would be used on the control link, and the mechanism of backhaul link beam determination should be designed based on the results of Rel-15/16 beam indication on the control link. Similarly, if Rel-17 NCR-MT is adopted and Rel-17 unified beam indication is used, the backhaul link beam should be determined following the principle of Rel-17 unified beam indication. It should be noted that Rel-17 unified beam indication is an optional feature, there is no reason to require that the control link and backhaul link only works via the unified beam indication in Rel-17. Thus, Rel-15/16 NCR-MT should be adopted as basic assumption when designing the mechanism of backhaul link beam determination.
Proposal 1: Rel-15/16 NCR-MT should be adopted as basic assumption while designing the mechanism of backhaul link beam determination.
It has been agreed in RAN1#109e that the same TCI states as control link are assumed for beam at NCR-Fwd for backhaul link. TCI state indicates the quasi-colocation relationship according to QCL information qcl-Type1 for the first DL RS and qcl-Type2 for the second DL RS (if configured) carrying one of the QCL values, ‘typeA’, ‘typeB’, ‘typeC’ and ‘typeD’. ‘typeA’, ‘typeB’ and ‘typeC’ for PDCCH/PDSCH reception provide a large-scale channel reference for signal processing at the baseband. QCL TypeD, corresponding to ‘Spatial Rx parameter’, gives a beam reference for receiving PDCCH/PDSCH. NCR-Fwd receives the downlink signal from gNB on the backhaul link using the configured Rx beam, amplifies and forwards to UEs on the access link without signal processing on baseband. Therefore, only QCL TypeD is necessary for beam indication of backhaul link.
Proposal 2: Regarding the beam determination for backhaul link, QCL TypeD between backhaul link and the reference signal on the control link should be configured.
It has been agreed in RAN1#110 meeting that two options will be considered to determine the backhaul beam. From the two options, option 1 is preferred, i.e., gNB indicates TCI state for backhaul link from the candidate set of TCI states configure by the higher layer signaling. The reason to select option 1 is given in the following paragraph.
The determination of the backhaul beam should not impact the UE measurement performance in the multi-cell networks. UE is required to measure the signal quality of the serving cell and neighbor cells. At least for intra-frequency measurement, NCR is likely to receive and forward the SSB signal from the serving cell and the neighbor cells. Considering that the amplifying factor of NCR is large enough to compensate partially the pathloss for the serving cell, SSB signal of neighbor cells would be amplified at the same time. There is a risk that the signal strength of the neighbor cell SSB forwarded by NCR is larger than that of the neighbor cell SSB received from the direct link, and thus UE might choose an improper cell during the cell re-selection procedure. Moreover, due to the impact of NCR forwarded signal, SSB selection and the receiving beam would be inaccurate. NCR should determine the backhaul beam carefully to minimize the received signal power from the neighbor cells. The optimal backhaul beam may not be same as that of the access link considering the different receiving merit, one for minimizing BLER and one for minimizing impact of neighbor cells. Therefore, the explicit beam indication is necessary for the backhaul link.


Figure 1 Performance impact on SSB measurement for NCR networks
Observation 1: The optimal backhaul beam may not be same as that of the access link considering the different receiving merit, one for minimizing BLER and one for minimizing impact of neighbor cells.
However, for option 1, in slots/symbols with simultaneous DL receptions/UL transmissions in both C-link and backhaul link, the beam of backhaul link should be the same as the beam of C-link. Otherwise, there would be ambiguity to determine the beam for C-link and BH link, when the indicated beams for C-link and BH link are different.
Based on the above discussion, the following proposal is made.
Proposal 3: Adopt option 1 as baseline to determine the beam of backhaul link, i.e., 
· The DL beam of backhaul link adopts the configured TCI state for PDCCH or indicated TCI state for PDSCH on the control link, if there is DL reception on C-link.
· The UL beam of backhaul link adopts the UL beams of control link, if there is UL transmission on C-link.
· For the case when there is no control link transmission/reception, the explicitly indicated backhaul beam is used by NCR.
Furthermore, as discussed in companion paper [3], to maintain the gNB’s UL coverage, repeater’s coverage and the signal quality at UE side, the amplifying factor of the repeater should be adjusted properly. For example, if the backhaul beam is reconfigured, gNB can adjust the amplifying gain of the repeater to maintain the coverage of the repeater. Such operation is beneficial especially when repeater is used to serve UEs in the coverage hole of the cell. 
Regarding the gain control procedure, gain control per BH beam can be considered, if the BH beam is reconfigured, gNB can determine the change of the channel fading based on the RSRP feedback from NCR MT, and then gNB can indicate the gain factor associated with the new BH beam to NCR. It is noted that the backhaul link and control link can be assumed to satisfy the average gain assumption, because control link and backhaul link satisfy QCL typeD assumption and use the same spatial domain filter to receive SSB/CSI-RS. With the help of the average gain assumption, the measurement results, such as RSRP, on the control link can be regarded as the channel condition of the backhaul link.
Proposal 4: Support per BH beam gain control for the NCR.
Proposal 5: The gain control of NCR can base on the MT’s RSRP feedback on the control link, assuming that control link and backhaul link satisfy the average gain assumption.
Beam for AL link
It has been agreed that beam information is supported as the side control information to control NCR’s beam of access link (AL). In this section, the details of the AL beam control mechanism will be discussed based on existing agreements.
	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
Beam index is used to indicate an access link beam (Option 1) 
Agreement
The time domain resource corresponding to an access link beam can be determined with following options:
· Option 1: Explicit determination based on the explicitly indicated the time domain resources per beam indication
Note-1: Different parameters may be indicated for semi-static or dynamic beam indication
Note 2: One or multiple beams can be indicated via single beam indication.
Agreement
Both slot-level and symbol-level granularity are recommended for the time-domain resource indication and determination of the access link beam.


As agreed in RAN1#110e e-meeting, both semi-static and dynamic beam control are recommended considering different NCR’s deployment scenario. If the NCR is used to serve UEs in a coverage hole, the beam direction of the NCR’s AL can be semi-statically set towards the coverage hole as illustrated in Figure 2-a); while if the NCR is used for coverage extension, it is preferred to dynamically control the NCR’s AL beam direction towards different serving UE(s) as illustrated in Figure 2-b).

 [image: ]
Figure 2 NCR's deployment scenarios
For both of the above deployment scenarios, AL beam control based on beam pattern indication can be supported, where beam pattern is formulated by a list of time domain resource and the corresponding beam on each resource. For the scenario in Figure 2-a), periodic beam pattern indication via semi-static signaling is preferred, since the AL beam does not always change; while for the scenario in Figure 2-b), at least aperiodic beam pattern indication via dynamic signaling should be supported, the aperiodic beam pattern can be determined by gNB based on scheduling plan/strategy for the near future. 
Proposal 6: Support AL beam control via beam pattern indication, beam pattern is formulated by a list of time domain resource and the corresponding beam on each resource.
Proposal 7: Support periodic beam pattern indication via semi-static signaling and aperiodic beam pattern indication via dynamic signaling.
The beam pattern indication is suitable to control the beam for PDSCH/PUSCH/PDCCH/PUCCH forwarding, where the granularity of the associated time resource indication can be slot-level to reduce signaling overhead. However, for some signal forwarding, e.g., CSI-RS/SRS forwarding, the granularity for the AL beam indication has to be symbol-level, then the slot-level beam pattern cannot be used to control the beam for CSI-RS/SRS forwarding. Instead of reusing a different time pattern for CSI-RS/SRS resource indication, it is preferred to reuse the legacy CSI-RS/SRS resource configuration/indication mechanism to inform NCR of the CSI-RS/SRS resource and the associated beam information, e.g., beam sweeping, beam repetition, etc. 
Proposal 8: For AL beam training purpose, the CSI-RS/SRS resource and the associated beam information (e.g., Repetition ON/OFF) is indicated to NCR by reusing Rel-15 CSI-RS/SRS resource indication mechanism.
Similarly, for some cell-specific signal/channel forwarding, e.g., SSB/PRACH forwarding, if beam pattern is used for the associated AL beam indication, the beam pattern may be different from that for PDSCH/PUSCH/PDCCH/PUCCH forwarding with respect to the beam direction and time resource granularity. Instead of using multiple time patterns, more straightforward method for NCR to acquire the time resource for cell-specific signals/channels transmission is by decoding the legacy signaling. In addition, a dedicated signaling can be used to indicate which cell-specific signals/channels are to be forwarded by the NCR, then NCR performs AL beam sweeping on the forwarded cell-specific signals/channels.
Proposal 9: To control the AL beam for cell-specific signals forwarding, the resource of the forwarded cell-specific signals/channels can be informed jointly by legacy signaling and dedicated signaling.
· Beam sweeping is performed to forward the cell-specific signals/channels.
Regarding how the NCR generates the AL beam, it is believed that strict control from gNB is redundant, NCR implementation should have sufficient flexibility to formulate the AL beam. However, gNB and NCR can exchange some basic information for light control, e.g., the number of NCR beam, the QCL relationship between NCR beams and so on, then NCR will generate AL beam according to such information. 
Furthermore, in RAN1#110 meeting, it was discussed that the NCR may be able to generate multiple simultaneous beams, e.g., by using multiple panels. In such case, the NCR can serve two different UEs in FDM manner with different AL beams. To support such scenario, the gNB and NCR should exchange the information on the AL beam pair(s)/group(s) which can be formulated simultaneously by the NCR.
Proposal 10: gNB and NCR exchange assistant information for the AL beam generation, including the number of AL beam, the QCL relationship between AL beams, AL beam pair(s)/group(s) which can be generated simultaneously by the NCR.
Beam restriction
As required inWID [1], the network-controlled repeater can maintain BH link and AL link simultaneously, since the two links operate in the same band, the signal from one of the link may impact the other link. For example, for DL/UL signaling forwarding, the output signal of the NCR may return to the NCR’s input antenna, this will incur the auto-excitation of the repeater.
Since the auto-excitation phenomenon will introduce interference to the network and may destroy the hardware of the repeater, it should be avoided. For legacy repeater deployment, the auto-excitation is avoided by manually isolating the input and output of the repeater. However, for signal transmission in FR2, a new reflecting object in the environment may largely change the signal transmission path, consequently the manually isolation between input and output of the repeater cannot always prevent the signaling leakage from output side to input side.
To flexibly control the auto-excitation, the use of output beam and/or input beam of the NCR should be restricted. As illustrated in Figure 3, if some beams incur auto-excitation, the beams can be set as restricted beams and NCR will not use such beams to forward signal. 
[image: ]
Figure 3 Restricted beam
Proposal 11: Study the necessity to introduce beam restriction to avoid auto-excitation of the NCR. 
2.2. ON-OFF information 
	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
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
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.



In this section, explicit and implicit ON-OFF indications will be discussed based on previous agreements, respectively.
Explicit ON-OFF indication
For explicit ON-OFF indication, resource type indication (e.g., H, S and NA) in IAB can be the baseline to decrease the complexity of the signaling design for ON-OFF information indication. H resource can be understood as ON state, and NA resource can be understood as OFF state. For the S resource, it can be set to ON or OFF state via dynamic signaling, i.e., when the S resource is configured by the high layer signaling, the DCI can be used to further indicate the ON-OFF state on S resource to NCR, in order to match the potential data traffic boosting of the UE(s) served by the NCR. 
Proposal 12: Resource type indication (e.g., H, S and NA) in IAB is the baseline for ON-OFF indication. e.g., H is understood as ON state, NA is understood as OFF state and S can be set to ON or OFF state further. 
Proposal 13: Dynamic signaling can be used to indicate the ON-OFF state on S resource.
After the ON-OFF configuration by gNB, activation/deactivation of the ON-OFF pattern can also be considered, e.g., the ON-OFF pattern can be deactivated if there is no UE served by the NCR. The signaling to activate or deactivate the ON-OFF pattern can be defined via MCA CE or DCI. 
Proposal 14: The activation or deactivation signaling to the ON-OFF pattern should be defined. 
Implicit ON-OFF indication
For the implicit indication, several rules will be proposed in the following discussions. 
Firstly, the behavior of NCR-MT transmission/reception is not expected to be impacted by the NCR-fwd ON-OFF, considering that the NCR-MT would transmit or receive some control information from gNB to control the behavior of NCR-fwd. Therefore, if NCR-MT and NCR-fwd are not capable of simultaneous transmission, the NCR-fwd should be always OFF when there is NCR-MT transmission.
Proposal 15: if NCR-MT and NCR-fwd are not capable of simultaneous transmission, the NCR-fwd should be always OFF when there is NCR-MT transmission.
Moreover, on the resource for cell-specific signaling transmission (e.g., SSB, type0-PDCCH CSS, PRACH, etc.), the NCR should always be set to ON state. Because such signaling transmission is used for the network to discovery new UE(s) that will be served by the NCR. 
Proposal 16: On the resource for cell-specific signaling transmission, the NCR should always be set to ON state. 
Furthermore, according to the above discussion in subsection 2.1.1, when UE measures the reference signal from the neighbor cells, the NCR in the serving cell needs to be set OFF to avoid inaccurate cell selection or beam selection of the UE. And when the UE measures the direct link between gNB and UE in the serving cell for RLM or RLF, the NCR may also need to be set to OFF to avoid improper behavior of UE. 
Proposal 17: The NCR-fwd should be set to OFF on the resource where UE measures the reference signal from the neighbor cell.
Proposal 18: The NCR-fwd should be set to OFF on the resource where UE measures the reference signal from the serving cell for RLM or RLF corresponding to the direct link between gNB and UE.
2.3. Information on TDD configuration 
	Agreement
For the TDD UL/DL configuration of network controller repeater:
· At least semi-static TDD UL/DL configuration is needed for network-controlled repeater for links including C-link, backhaul link and access link.
· FFS: handling of flexible symbols
· Note1: The same TDD UL/DL configuration is always assumed for backhaul link and access link
· Note2: The same TDD UL/DL configuration is assumed for C-link and backhaul link and access link if NCR-MT and NCR-Fwd are in the same frequency band.
110 Agreement
For the flexible symbol based on the semi-static configuration (e.g., TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated), following options are considered for the NCR-Fwd on these symbols
· Option 1: The NCR-Fwd is expected to be OFF or not forwarding over these symbols
· Option 2: The NCR-Fwd will follow the TDD operation determined by NCR-MT, i.e., determined by NCR-MT based on the received SFI indication or scheduling from gNB 
· Note: It means that no new side control signalling is needed.
· Option 3: The NCR-Fwd will follow a new dynamic side control signalling of DL/UL forwarding over these symbols to NCR-Fwd


According to the previous meeting, how to handle the flexible symbol based on semi-static configuration needs further discussion. In our view, the configured flexible symbol(s) can be further set to UL or DL via SFI indication (i.e., Option 2 can be supported) If the NCR-fwd sets to ON in the UL/DL resource configured to MT, and the NCR is not expected to operate NCR-MT and NCR-fwd simultaneously, it can be up to gNB scheduling to avoid conflict in that resource. 
If the flexible symbol is not changed by DCI, the NCR-fwd is expected to be OFF to prevent interference amplified by the NCR. 
Proposal 19: Regarding the TDD UL/DL configuration of NCR, the configured flexible symbol can be set to UL or DL via DCI format 2_0. 
Proposal 20: On the flexible symbol which is not dynamically indicated to UL/DL via DCI format 2_0, the NCR-Fwd sets to OFF. 
2.4. Timing information 
	Agreement
For the timing of NCR, the following assumption is considered as baseline:
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
· FFS: the impact of internal delay on the following timing relationships:
· The DL receiving timing and DL transmitting timing of the NCR-Fwd
· The UL transmitting timing and UL receiving timing of the NCR-Fwd
Agreement
For the timing of NCR, the following assumption is captured into TR 38.867.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay; 
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay.
Agreement
Update the agreement achieved in RAN1#109e as follows:
For the signaling of the side control information of timing to align transmission / reception boundaries, new signaling may be is unnecessary.
· FFS: the impact of internal delay


In the previous meetings, it has agreed on how to determine the DL timing and UL timing for NCR-Fwd. The agreements should be captured in the specification. 
Proposal 21: Capture the following NCR behaviors to determine DL timing and UL timing in the specification.
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay.
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
3. Conclusion
This contribution focus on the side control information, and the following are proposed,
Observation 1: The optimal backhaul beam may not be same as that of the access link considering the different receiving merit, one for minimizing BLER and one for minimizing impact of neighbor cells.

Proposal 1: Rel-15/16 NCR-MT should be adopted as basic assumption while designing the mechanism of backhaul link beam determination.
Proposal 2: Regarding the beam determination for backhaul link, QCL TypeD between backhaul link and the reference signal on the control link should be configured.
Proposal 3: Adopt option 1 as baseline to determine the beam of backhaul link, i.e., 
· The DL beam of backhaul link adopts the configured TCI state for PDCCH or indicated TCI state for PDSCH on the control link, if there is DL reception on C-link.
· The UL beam of backhaul link adopts the UL beams of control link, if there is UL transmission on C-link.
· For the case when there is no control link transmission/reception, the explicitly indicated backhaul beam is used by NCR.
Proposal 4: Support per BH beam gain control for the NCR.
Proposal 5: The gain control of NCR can base on the MT’s RSRP feedback on the control link, assuming that control link and backhaul link satisfy the average gain assumption.
Proposal 6: Support AL beam control via beam pattern indication, beam pattern is formulated by a list of time domain resource and the corresponding beam on each resource.
Proposal 7: Support periodic beam pattern indication via semi-static signaling and aperiodic beam pattern indication via dynamic signaling.
Proposal 8: For AL beam training purpose, the CSI-RS/SRS resource and the associated beam information (e.g., Repetition ON/OFF) is indicated to NCR by reusing Rel-15 CSI-RS/SRS resource indication mechanism.
Proposal 9: To control the AL beam for cell-specific signals forwarding, the resource of the forwarded cell-specific signals/channels can be informed jointly by legacy signaling and dedicated signaling.
· Beam sweeping is performed to forward the cell-specific signals/channels.
Proposal 10: gNB and NCR exchange assistant information for the AL beam generation, including the number of AL beam, the QCL relationship between AL beams, AL beam pair(s)/group(s) which can be generated simultaneously by the NCR.
Proposal 11: Study the necessity to introduce beam restriction to avoid auto-excitation of the NCR. 
Proposal 12: Resource type indication (e.g., H, S and NA) in IAB is the baseline for ON-OFF indication. e.g., H is understood as ON state, NA is understood as OFF state and S can be set to ON or OFF state further. 
Proposal 13: Dynamic signaling can be used to indicate the ON-OFF state on S resource.
Proposal 14: The activation or deactivation signaling to the ON-OFF pattern should be defined. 
Proposal 15: if NCR-MT and NCR-fwd are not capable of simultaneous transmission, the NCR-fwd should be always OFF when there is NCR-MT transmission.
Proposal 16: On the resource for cell-specific signaling transmission, the NCR should always be set to ON state. 
Proposal 17: The NCR-fwd should be set to OFF on the resource where UE measures the reference signal from the neighbor cell.
Proposal 18: The NCR-fwd should be set to OFF on the resource where UE measures the reference signal from the serving cell for RLM or RLF corresponding to the direct link between gNB and UE.
Proposal 19: Regarding the TDD UL/DL configuration of NCR, the configured flexible symbol can be set to UL or DL via DCI format 2_0. 
Proposal 20: On the flexible symbol which is not dynamically indicated to UL/DL via DCI format 2_0, the NCR-Fwd sets to OFF. 
Proposal 21: Capture the following NCR behaviors to determine DL timing and UL timing in the specification.
· The DL receiving timing of the NCR-Fwd is aligned with the DL receiving timing of the NCR-MT.
· The DL transmitting timing of the NCR-Fwd is delayed after the DL receiving timing of the NCR-MT (or the NCR-Fwd) by the internal delay.
· The UL receiving timing of the NCR-Fwd is advanced before the UL transmitting timing of the NCR-MT (or the NCR-Fwd) by the internal delay.
· The UL transmitting timing of the NCR-Fwd is aligned with the UL transmitting timing of the NCR-MT.
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