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Introduction
A new Rel-19 Work item for the evolution of NR duplex operation has been approved in RAN#102 [1]. One of the main constraints in effective SBFD operation is the gNB-to-gNB CLI and the UE-to-UE CLI. 

Conventional TDD operation mitigate interference between neighboring UEs and gNBs by segregating UL and DL transmissions into distinct time slots/symbols, hence splitting the time domain between UL and DL. In contrast, SBFD allows simultaneous UL and DL transmissions within the same time slots/symbols at the gNB. This introduces the potential for:

· Inter-UE CLI: the UL transmission of one aggressor UE can degrade the DL signal reception quality at a neighboring victim UE.
· Inter-gNB CLI: the DL transmission of one aggressor gNB can interfere with the UL signal reception at a neighboring victim gNB.

Effective CLI mitigation techniques are needed to be specified in Rel-19.  The following WI objectives for the CLI mitigation have been captured as below:

· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
In this Tdoc, we share our views and propose techniques to specify the above enhancements. 
gNB-to-gNB co-channel CLI handling

In RAN1#116, the following agreement for the gNB-to-gNB co-channel CLI handling schemes has been reached:

Agreement
Consider the following candidate gNB-to-gNB co-channel CLI handling schemes for further down-selection
· gNB-to-gNB co-channel CLI and/or channel measurements
· Spatial domain based schemes	
· Beam nulling
· Beam pairing
· Coordinated scheduling in time and/or frequency
· Power control based schemes	
· gNB Tx power control
· UE Tx power control
Note: gNB-to-gNB co-channel CLI and/or channel measurements can be the enablers for some of the above CLI handling schemes.

The proposed co-channel CLI and channel measurement scheme requires additional discussion to ensure clarity and address potential issues.

· Backhaul Latency: If the victim gNB reports CLI and channel measurements to the aggressor gNB, non-ideal backhaul can introduce latency, negatively impacting performance.
· Measurement Mismatch: Relying on the aggressor gNB for measurements risks a mismatch due to potential asymmetries in the link and differences between the aggressor and victim gNB's Tx/Rx panels.
Importantly, this channel measurement scheme is also an enabler for the other schemes, with each scheme potentially requiring distinct information exchange. Thus, discussions of co-channel CLI within specific schemes must explicitly address the unique information requirements of each scheme.

Beam nulling presents a promising technique for mitigating interference, and its application within this context deserves further discussion and exploration. Ideally, the aggressor gNB's beamforming strategy should consider the potential impact on the victim gNB. By introducing nulls in the direction of the victim, the aggressor gNB can minimize interference. However, the trade-off between mitigating interference and sacrificing the aggressor gNB’s DL performance requires careful evaluation. While nulling improves the performance of the UL direction for the UEs of the victim gNB, it might degrade the DL direction for the UEs of the aggressor gNB located in the same direction. The severity of this degradation needs to be quantified to determine the net benefit.

A dynamic approach to beam nulling could be implemented, where its activation depends on the specific scenario. For example, at a specific instant, if the number of impacted UEs of the aggressor gNB is significantly higher compared to the protected UEs of the victim gNB, then nulling might not be a good strategy.

Pairing beams with good isolation allows for better coordination of beams. This requires aggressor and victim gNBs to exchange information about their beams, the associated interference levels, and the measurement resource configurations.


Beam nulling can be supported for FR1 and beam pairing can be supported in FR2. However, the signalling overhead and the information exchange between the victim gNB and the aggressor gNB should be discussed and explored and the performance impact of a non-ideal back-haul should also be investigated for both beam pairing and beam nulling.

Regarding the power control-based schemes consisting of the gNB and the UE adjusting their transmit power to address the gNB-to-gNB co-channel CLI, we recommend against power control schemes where base stations or devices reduce their power to address interference. These schemes often lead to reduction of the downlink SINR of the aggressor gNB impacting the coverage and the DL UPT of its cell edge UEs.

Proposal 1: Power control based schemes are not supported for gNB-to-gNB co-channel CLI handling in Rel-19.	
While using CD-SSBs for CLI measurements is feasible, overlapping resources among neighbor gNBs can necessitate muting or skipping CD-SSBs, potentially impacting initial access, cell search, and RRM measurements. To address this limitation, NCD-SSBs provided to neighbor gNBs can be additionally used for CLI measurement at victim gNBs.

The inter-gNB information exchange of configuration for NZP CSI-RS can be an enabler for gNB-to-gNB CLI measurement and channel measurement. NZP CSI-RS resource configurations provided to neighbor gNBs can be used for the purpose of estimating inter-gNB CLI levels. The victim gNB can use CSI-RS to measure the CLI RSRP of the aggressor gNB.  The victim gNB can trigger the aggressor gNB to enable CSI-RS transmissions once a degradation in performance, suspected to be due to CLI, is noticed.

CSI configuration should also be coordinated between different gNBs. Configuration of CSI-RS on overlapping resources on different gNBs can degrade the CLI estimation performance at the victim gNB.
Also, victim gNB power consumption should be taken into consideration when designing the gNB-to-gNB co-channel CLI measurement, as the measurements from multiple aggressors gNB can increase network power consumption substantially. Methods for reducing power consumption should be explored like triggering the measurements only when needed or only during some specific time durations or only for a sub-set of the main aggressors gNBs.

Proposal 2: Specify gNB-to-gNB co-channel CLI measurement and channel measurement based on SSB/CSI-RS.
Proposal 3: Coordinate CSI-RS configurations between different gNBs to reduce impact on CLI estimation performance at the victim gNB. 
Proposal 4: Take the victim gNB power consumption into consideration when designing the gNB-to-gNB co-channel CLI measurement mechanisms
Proposal 5: Specify spatial domain coordination schemes in Rel-19.
Proposal 6: Specify mechanisms for the exchange of NCD-SSB/CSI-RS configuration information between gNBs to support inter-gNB CLI mitigation strategies (in coordination with RAN3, e.g., leveraging X2/Xn interfaces).
Also, additional exchange of inter-gNB information like SBFD configuration can enhance gNB-gNB CLI measurement and provide better coordination. For example, awareness among gNBs of their respective semi-static SBFD time and frequency configurations can be used to determine whether CLI is taking place on specific resources at a specific time. The gNB can also avoid UL scheduling on the DL SBFD sub-band of the potential victim gNB and can avoid DL scheduling on an UL SBFD sub-band of the potential victim gNB. The gNB can also exchange information with neighbouring gNBs related to the DL beam indication and its preferred/non-preferred beams.  gNBs can also exchange additional information like SSB configuration, CSI configuration, DMRS configuration, TDD configuration. Aggressor gNB can avoid scheduling transmissions overlapping with victim gNB DMRS resources.
 gNBs can leverage all of this information to have smarter scheduling reducing the gNB-to-gNB CLI. 
The Inter-gNB information exchange about SBFD configurations to enhance gNB-gNB CLI measurement and coordination can be very beneficial and should specified in SBFD Rel-19. 

Proposal 7: Specify  inter-gNB SBFD configuration information exchange to enhance gNB-gNB CLI measurement and scheduling coordination
UE-to-UE co-channel CLI handling

In RAN1#116, the following agreement for the UE-to-UE co-channel CLI handling schemes has been reached:

Agreement
Consider the following candidate UE-to-UE co-channel CLI handling schemes for further down-selection
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
· Note: UE-to-UE co-channel CLI measurement and reporting can be the enablers for some of the above CLI handling schemes.

L1/L2 based CLI measurement and reporting have been discussed and they provide benefits for inter-UE CLI handling. They can be optimized for short-term interference measurement and low latency. These schemes can assist gNB in adjusting and optimizing UE scheduling for inter-UE CLI reduction. The existing CSI framework should be the baseline for the new design of L1/L2 inter-UE CLI measurements and reporting if CSI are used.
If SRS are used for the UE-to-UE CLI measurement, then the Rel-16 SRS-RSRP design can be used as a baseline.  The gNB can indicate to the UE the SRS configurations of neighbouring UEs which should be communicated by the neighbouring gNBs. 
From latency reduction perspective, PUCCH carrying HARQ ACK/NACK feedback and SRs should be allowed to be transmitted on the UL sub-bands of the SBFD slots/symbols. Resource allocation for PUCCH in SBFD symbols should be discussed. Also, CLI reporting can take place on PUCCH like other UCI signals (HARQ-ACK, CSI, SR, …) and can be allowed on SBFD slots/symbols and non-SBFD slots/symbols. The CLI reporting can also take place on PUSCH, for example when it is aperiodic or triggered when it meets a specific specified or configured threshold.
While measuring inter-UE CLI based on SRS from adjacent UEs offers great benefits, UE complexity must be carefully considered. This approach can be computationally intensive and power-consuming for the UE.  To mitigate this, the victim UE could initiate CLI measurement upon detecting multiple DL transmission failures, suggesting potential CLI. The UE could then assess overall CLI using group-based simultaneous SRS transmissions from suspected aggressor UEs. Based on this assessment, the UE could dynamically adjust the frequency of CLI measurement and reporting, and reducing these activities when CLI levels fall below specified thresholds.
Proposal 8: Specify L1/L2-based UE-UE CLI measurement and reporting
Proposal 9: Allow CLI reporting on PUCCH/PUSCH and allow PUCCH to be transmitted on UL SBFD sub-bands .
Proposal 10: Inter-UE CLI measurement and reporting mechanisms should prioritize UE complexity reduction. This includes minimizing CLI measurement and reporting frequency and optimizing signaling overhead.
Conclusion
In this contribution, we have presented several proposals to specify the support of the gNB-to-gNB CLI and the UE-to-UE CLI handling. We made the following proposals: 

Proposal 1: Power control based schemes are not supported for gNB-to-gNB co-channel CLI handling in Rel-19.	
Proposal 2: Specify gNB-to-gNB co-channel CLI measurement and channel measurement based on SSB/CSI-RS.
Proposal 3: Coordinate CSI-RS configurations between different gNBs to reduce impact on CLI estimation performance at the victim gNB. 
Proposal 4: Take the victim gNB power consumption into consideration when designing the gNB-to-gNB co-channel CLI measurement mechanisms
Proposal 5: Specify spatial domain coordination schemes in Rel-19.
Proposal 6: Specify mechanisms for the exchange of NCD-SSB/CSI-RS configuration information between gNBs to support inter-gNB CLI mitigation strategies (in coordination with RAN3, e.g., leveraging X2/Xn interfaces).
Proposal 7: Specify  inter-gNB SBFD configuration information exchange to enhance gNB-gNB CLI measurement and scheduling coordination
Proposal 8: Specify L1/L2-based UE-UE CLI measurement and reporting
Proposal 9: Allow CLI reporting on PUCCH/PUSCH and allow PUCCH to be transmitted on UL SBFD sub-bands .
Proposal 10: Inter-UE CLI measurement and reporting mechanisms should prioritize UE complexity reduction. This includes minimizing CLI measurement and reporting frequency and optimizing signaling overhead.
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