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[bookmark: _Ref506539118]Introduction
In RAN1 109-e meeting, the following was agreed in connection to side control information for NCR [1]:
	[bookmark: _Hlk104447885]Agreement
Capture the following model of network-controlled repeater in TR 38.867.
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· The NCR-MT is defined as a function entity to communicate with a gNB via Control link (C-link) to enable the information exchanges (e.g. side control information). The C-link is based on NR Uu interface.
· Note: Side control information is at least for the control of NCR-Fwd
· The NCR-Fwd is defined as a function entity to perform the amplify-and-forwarding of UL/DL RF signal between gNB and UE via backhaul link and access link. The behavior of the NCR-Fwd will be controlled according to the received side control information from gNB. 

[bookmark: _Hlk104447901]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.

[bookmark: _Hlk104447928]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.

[bookmark: _Hlk104447977]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

[bookmark: _Hlk104447988]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
 
[bookmark: _Hlk104448002]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

[bookmark: _Hlk104448034]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.

[bookmark: _Hlk104448100]Agreement
Capture the following assumption of network-controlled repeater in TR 38.867.
· At least one of the NCR-MT’s carrier(s) should be within the set of carriers forwarded by the NCR-Fwd in same frequency range.
· The NCR-MT and NCR-Fwd operating in the same carrier is prioritized for the study.

[bookmark: _Hlk104448198]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). 

[bookmark: _Hlk104448228]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.

[bookmark: _Hlk104448289]Agreement
The beam correspondence is assumed for:
· the DL/UL of the access link at NCR-Fwd

[bookmark: _Hlk104448306]Agreement
Recommend to capture the following observation in TR 38.867:
· The benefits of power information used to control the behavior of NCR-Fwd for the DL of access link and/or UL of backhaul link are observed by the following inputs:
· [Source-1, Huawei] shows that for the uplink transmission via NCR, a fixed NCR amplifying gain may lead to interference to the gNB or NCR UL coverage loss. For the downlink transmission via NCR, a fixed NCR amplifying gain may lead to NCR RU saturation or NCR DL coverage loss.
· [Source-2, vivo] shows that the optimal system performance can be achieved when repeater’s gain is set to a proper value.
· [Source-3, ETRI] shows that dynamic repeater gain/power control can provide additional SINR gain over semi-static repeater gain/power configuration.
· [Source-4, Ericsson] mentions that the gain control is needed for self-interference management due to repeater oscillation.
· This agreement does not change the prioritization of PC
 
[bookmark: _Hlk104448329]Agreement
The controlling of the amplifying gain of NCR-Fwd is considered to enable the power control of NCR-Fwd if PC is recommended as side control information for NCR in Rel-18
· FFS: Controlling of the transmission power of NCR-Fwd
 
[bookmark: _Hlk104448380]Agreement
Recommend to capture the following examples of the transmission/reception of C-link and backhaul link by NCR in TR 38.867.
· The DL of C-link and DL of backhaul link can be performed simultaneously or in TDM way.
· The UL of C-link and UL of backhaul link can be performed in TDM way
· Note-1: Multiplexing is under the control of gNB with consideration for NCR capability
· Note-2: Simultaneous transmission of the UL of C-link and UL of backhaul link is subject to NCR’s capability


In this contribution, we present our views on remaining details for side control information for NCR. 
NCR-Fwd supporting multiple carriers
In RAN1 109e meeting, several cases for NCR-Fwd supporting multiple carriers were discussed [2], including,
Case 1: The carrier(s) for NCR-MT is a subset of carriers for NCR-Fwd. 
Case 2: At least one carrier for NCR-MT does not belong to the subset of carriers for NCR-Fwd. 
RAN1 did not achieve any consensus on whether both cases can be supported. In RAN 96e meeting, it was concluded that RAN1 study will focus on in-band only, i.e., case 1. 
For case 1, further clarification is needed for whether multiple carriers for NCR-Fwd can be in different band, e.g., inter-band CA case, and the carrier for NCR-MT is only within one band, as show in Figure 1. For inter-band CA case, e.g., FR1+FR2, the large-scale property may not be same for C-link and some carriers for backhaul link, and the TDD configuration could be different. Different large-scale property may require separate beam management for different carriers, which requires large standard effort, additional signalling overhead and implementation complexity for NCR, and similar situation for the support of different TDD configurations is observed. With limited time budget, it is more practical that RAN1 only focuses on the scenario with same large-scale property/TDD configuration for all carriers. If there is scenario for multiple-carriers with different properties, implementation-based support can be considered. 
[image: ]
Figure 1 Multi-carriers for NCR-Fwd
Proposal 1: Support NCR-Fwd for multiple carriers with same large-scale property for backhaul links and control link(s) and same TDD configuration. 
Side control information
Side control information for beamforming 
Beamforming for access link
Beam information has been recommended as the side control information for to control the behavior of NCR at least for access link in RAN1 109e meeting. To determine beamforming for access link, the beam as well as time domain resource to apply the beam should be provided to NCR. 
· Time domain resource determination 
One PDCCH/PDSCH for side control information can provide beams for multiple time domain resources. The multiple time domain resource can be dynamically indicated, similar to multiple SLIVs for PUSCH/PDSCH in Rel-17 60GHz, and beam information is provided for each SLIV. Alternatively, the multiple time domain resource is derived by the configured period and time domain granularity, or derived by the number of beam indices, similar to UL CI by DCI format 2-4 or AI by DCI format 2-5, and beam information is provided for each time unit [3]. Considering at least for SS/PBCH forwarding, different beams can be expected within a slot, the minimum granularity for a time unit can be symbol-level. Meanwhile, larger granularity such as slot-level can be considered to save signaling overhead. It’s up to gNB to select proper granularity on demand. 
· Beam resource determination 
For the beam information, two options were discussed, i.e., option 1 a beam index and option 2 an index of a source RS. For option 1, gNB indicates access beam index to NCR, e.g., beam index 0 or 1 for beam A0 and beam A1 respectively in Figure 1-1 and figure 1-2. Different beam index denotes different access beams. For option 2, gNB indicates the reference signal index transmitted by gNB, e.g., SSB 1 and SSB2, to represent beam A0 and beam A1 in access link. Different SSB index represents different access beam. As shown in Figure 1-1, gNB transmits SSB1 and SSB2 with same Tx beam, thus NCR can sweep the beam to forward SSB1 and SSB2. However, if the number of reference signals to be forwarded is larger than the number of access beams, e.g., gNB intends to let NCR to forward SSBs transmitted by different Tx beams at gNB side (SSB 1 ~ SSB4) shown in Figure 1-2, simply indicating different SSB index for the access beam is incapable of indicating same access beam for SSB 1&3, SSB 2& 4. To inform NCR to use same access beam for two SSBs with different SSB index, gNB can indicate the same ‘virtual’ SSB index 1 for SSB 1 & SSB 3, ‘virtual’ SSB index 2 for SSB 2 & SSB 4. However, comparing with option 1 which directly indicating the beam index for the access link, option 2 does not provide any benefit. Furthermore, agnostic to the content for forwarding, e.g., cell-specific or UE-specific signals, a single unified option is preferred. 

Another aspect for beam resource indication is beam type information. Similar to legacy gNB, multiple beam types can be supported for access link, e.g., wide beam to forward cell-specific signals and narrow beam to forward UE-specific signals. Then, the beam information should also provide beam type and the association between different beam types [3]. 

	[image: ]
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	Figure 1-1 Access beam sweeping
	Figure 1-2 Access beam sweeping


Considering the number of beams and beam types supported by a NCR may depend on capability and it impacts overall resource planning, e.g., how many SSBs would be sufficient considering the beam sweeping to serve UEs under gNB and beam sweeping to serve UEs under NCR, it is beneficial to support the capability report for the number of beams and beam types. gNB can configure a smaller number of beams or only some of beam types, e.g., to control the overall overhead.  
Proposal 2: For beamforming control for access link, Option 1 (indication of a beam index) is supported:
· A set of beam indices with beam type information for a set of time units is provided.
· The set of time units can be derived by configured period and granularity or indicated by multiple SLIVs.  
· The granularity of time unit can be symbol-level or slot-level. 
· Capability report for the number of beams and beam types can be supported. 

Beamforming for backhaul link
For the backhaul link, both fixed and adaptive beam is supported for different deployments, e.g., adaptive beam for the low-height deployment of NCR. For adaptive beam, the same TCI states as C-link are assumed for beams at NCR-Fwd for backhaul link per the agreement, and a mechanism to determine one TCI state out of the TCI states of C-link for backhaul link for a time resource is to be defined. If single TCI state is configured for C-link regardless of channels, it is straightforward that the same single TCI is applied to backhaul link. If multiple TCI states are provided for C-link, e.g., one TCI for unicast channels and another TCI(s) for cell-specific channels as supported by Rel-17 unified TCI, or multiple TCIs are activated and DCI dynamically indicates one TCI for a PDSCH by Rel-15/16 TCI framework, a mechanism to select one TCI state for the backhaul link is required. The TCI for backhaul beam can be implicitly determined by a TCI for NCR-MT. When NCR-MT and NCR-Fwd receives signals from gNB simultaneously, the TCI for NCR-MT can be applied to both control and backhaul link. When NCR-Fwd operators without reception on control link, the TCI for backhaul link can use a default TCI, e.g., the TCI state QCL’d with SSB identified by NCR-MT during initial access, or the latest TCI used by NCR-MT. Alternatively, additional indication can be provided by gNB for backhaul link. Compared with implicit indication, explicit indication is more flexible, and the overhead would be acceptable considering the appropriate beam for backhaul link would not change frequently.  
Proposal 3: For beamforming control for backhaul link, the additional indication for backhaul link can be supported. 
Side control information for TDD UL/DL information 
For NCR operating in TDD band, the NCR should be aware of TDD UL/DL configuration to determine whether to switch to DL chain or UL chain and avoid interference due to asynchronization. 
In case of semi-static UL/DL resource assignment, which is typically applied in real deployment, TDD UL/DL configuration rarely changes. With semi-static TDD configuration, gNB may configure few flexible symbols as gap for DL-to-UL switch, and gNB would not configure different UL/DL for different UEs in cell-specific flexible symbol. Obtaining TDD UL/DL configuration simply by OAM or by receiving cell-specific TDD UL/DL configuration in SIB1 is sufficient for NCR. Though RAN1 standard supports dynamic TDD which motivates separate UL/DL indication for NCR to determine forwarding direction in cell-specific flexible symbols, the real deployment with dynamic TDD is quite limited, e.g., mainly for some isolated environment, and the coverage for such scenario is not likely to be an issue. Therefore, optimization for dynamic TDD scenario should not be considered for NCR. With semi-static TDD, legacy TDD UL/DL configuration signaling or TDD UL/DL configuration via OAM is sufficient and unspecified NCR behavior in flexible symbol as Rel-17 RF repeater can be reused.  
Observation 1: Dynamic TDD is not the target scenario for NCR. 
Observation 2: With semi-static TDD, existing TDD configuration mechanism and unspecified NCR behavior in flexible symbol as Rel-17 RF repeater is sufficient. 
Proposal 4: Do not introduce new TDD UL/DL signalling and special handling for flexible symbol for NCR-Fwd. 
Side control information for timing information 
Without consideration of internal delay, DL/UL timing for NCR-Fwd is aligned with DL/UL timing for NCR-MT. With internal delay, the DL receiving timing of the NCR-Fwd and UL transmitting timing of the NCR-Fwd is still aligned with the DL receiving timing and UL transmission timing of the NCR-MT, while the DL transmitting time of NCR-Fwd is the DL receiving timing + internal delay, and the UL receiving timing of the NCR-Fwd is the UL transmitting time – internal delay. Consequently, with same duration of gap from gNB’s perspective, the gap from UE’s perspective or NCR’s perspective (access link side) is reduced caused by internal delay. If the gap is insufficient to absorb the delays, the DL and UL signal would collide. Rel-17 RF repeater does not design any special handling for the internal delay, with assumption that internal delay can be handled by implementation. Considering RF part is same or even better for Rel-18 NCR, implementation based solution should be sufficient without any additional standard effort for the internal delay. 
Proposal 5: Do not introduce special handling for internal delay for NCR-Fwd timing. 
Side control information for on/off information 
On/off operation for NCR is desirable for interference reduction as well as improved energy efficiency. Furthermore, on/off operation can help gNB to differentiate UEs to be served by NCR or served by gNB.
In general, on/off operation can be considered separately for NCR-MT and NCR-Fwd. For NCR-MT, the only purpose is for power saving. It seems existing power saving mechanism can be reused, e.g., DRX. However, legacy DRX operation for a UE is based on traffic for the UE, while the DRX operation for NCR-MT should consider traffic for all UEs served by the NCR but traffic for the UEs is transparent to NCR-MT. Therefore, legacy DRX operation may not work properly, which leads to side control information miss-detection. Enhancements for DRX operation or on/off operation similar to NCR-Fwd controlled by side control information can be considered for NCR-MT.  For NCR-Fwd, on/off operation is performed according to on/off indication by side control information.

For on/off indication by side control information, both explicit and implicit indication were discussed. The implicit indication intends to rely on other information for NCR, e.g., if NCR receives beam information for a time resource, NCR should be on for the time resource, otherwise, NCR turns off for the time resource. The implicit indication can be used for dynamic on/off control, if the beam information is dynamically indicated, but it may not help to determine semi-static on/off (long-term on/off). For example, gNB provides beam information for NCR access link which can be applied periodically, while later gNB may want to turn off the NCR because no traffic is expected for a long time interval. In that case, additional signalling to explicitly indicate on/off is still needed. For explicit on/off indication, different indication options can be considered to support different scenarios. For example, for long-term power saving, the on or off duration can be relatively long, e.g., NCR can be turned off for tens or hundreds of slots, while for interference reduction or UE identification under NCR, e.g., if gNB does not transmit signals in the direction of NCR for certain symbols, the on or off duration can be relatively short, e.g., NCR turns off for a few symbols. The detail for signalling is provided in our companion contribution [3].  

Proposal 6: On/off operation for NCR-MT and NCR-Fwd can be separately performed based on different mechanism.
· NCR-MT on/off based on enhanced DRX operation or on/off indication by side control information can be supported. 
· NCR-Fwd on/off based on new on/off indication by side control information is supported. 
· At least explicit indication is supported. 
· The granularity of on/off can be symbol-level or slot-level per gNB configuration. 

Side control information for power control  
Ideally, adjustment of power amplifying gain for NCR-Fwd can reduce interference, compared with fixed amplifying gain. However, the gain highly depends how accurate gNB can obtain the channel information. If only semi-static power control is supported, the achievable gain would be limited. Regarding the potential benefit of reduced non-linear distortion or self-interference management for repeater oscillation, it is unclear whether it cannot be resolved by implementation, e.g., by proper initial set-up. Considering there are still many aspects for more critical features to be finished in SI, e.g., beamforming and on/off operation, the optimization for power control should be deprioritized unless well-justified.   
Proposal 7: Deprioritize enhancement for power control. 
[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on necessity for side control information for network controlled repeater. Further, we summarize the observations and proposals as follows:
Observation 1: Dynamic TDD is not the target scenario for NCR. 
Observation 2: With semi-static TDD, existing TDD configuration mechanism and unspecified NCR behavior in flexible symbol as Rel-17 RF repeater is sufficient. 
Proposal 1: Support NCR-Fwd for multiple carriers with same large-scale property for backhaul links and control link(s) and same TDD configuration. 
Proposal 2: For beamforming control for access link, Option 1 (indication of a beam index) is supported:
· A set of beam indices with beam type information for a set of time units is provided.
· The set of time units can be derived by configured period and granularity or indicated by multiple SLIVs.  
· The granularity of time unit can be symbol-level or slot-level
· Capability report for the number of beams and beam types can be supported. 

Proposal 3: For beamforming control for backhaul link, the additional indication for backhaul link can be supported. 
Proposal 4: Do not introduce new TDD UL/DL signalling and special handling for flexible symbol for NCR-Fwd. 
Proposal 5: Do not introduce special handling for internal delay for NCR-Fwd timing.  
Proposal 6: On/off operation for NCR-MT and NCR-Fwd can be separately performed based on different mechanism.
· NCR-MT on/off based on enhanced DRX operation or on/off indication by side control information can be supported. 
· NCR-Fwd on/off based on new on/off indication by side control information is supported. 
· At least explicit indication is supported. 
· The granularity of on/off can be symbol-level or slot-level per gNB configuration. 

Proposal 7: Deprioritize enhancement for power control. 
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