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[bookmark: _Ref521334010][bookmark: _Ref163021500]Introduction
In RAN#102 meeting, the WID RP-240172 on Evolution of NR Duplex Operation was agreed [1]. The objectives for CLI handling are as follows:

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. 
This contribution discusses the various gNB-to-gNB co-channel CLI handling schemes with potential specification impact, performance evaluations and operational details to down-selects the gNB-to-gNB co-channel CLI handling schemes from TR 38.858 [2]. 
In RAN#116 meeting following conclusions and agreements were reached
Conclusion
For the down-selection of gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes, at least the following aspects should be considered:
· Applicable scenario, performance benefits based on analysis and/or demonstrated by evaluations for SBFD
· Note: Companies are encouraged to provide more simulation results for SBFD to RAN1#116bis based on the simulation assumptions agreed during the SI.
· Specification impact in RAN1 and RAN3.
· gNB/UE implementation complexity.
· [bookmark: _Int_AhDmDz9a]Operational details of the scheme including feasibility and practicability.

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
· [bookmark: _Int_IU9TwDRT]Spatial domain based schemes	
· Beam nulling
· Beam pairing
· Coordinated scheduling in time and/or frequency
· [bookmark: _Int_jjmJiREZ]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.

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
· [bookmark: _Int_9DhW9WBk]Spatial domain based schemes
· [bookmark: _Int_PnFay8Ls]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.

Agreement
[bookmark: _Int_MTEwglWh]gNB Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.


Agreement
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
· Method#4: UE measures RSSI within guard band if guard band exists
Note: If DL subband, UL subband or guard band is outside the active DL BWP, the above methods does not apply.
Note: Method#4 does not imply that guard band is explicitly configured.

For future meetings:
Companies are to refer to Proposal 2-2a (gNB-gNB CLI handling) and Proposal 3-2a (UE to UE CLI handling) in R1-2401635 for future meetings. Companies are encouraged to provide additional details on potential spec impact and operational details of their preferred CLI handling scheme for further down-selection in RAN1#116bis.



gNB-gNB CLI Schemes for Semi-Static SBFD
In TR 38.858 [2] semi-static SBFD, for gNB-gNB CLI measurement broadly, two schemes were discussed:
I) Spatial domain coordination scheme
a. Used for gNB transmit side beam nulling.
b. The spatial domain coordination handles the gNB-gNB CLI using beam nulling at the aggressor gNB.
II) UL resource muting-based-scheme 
a. Used for measuring the gNB-gNB CLI covariance matrix
b. The UL resource muting scheme handles the gNB-gNB CLI using an advanced receiver at victim gNB.

Spatial domain coordination
Spatial domain coordination scheme is based on CLI measurements and reporting at victim gNB. Measurements can be based on reference signals like NZP CSI-RS. In TR 38.858[2], two spatial domain coordination schemes were discussed to handle the CLI issue.
· scheme#1: Beam nulling based on steering vector between gNB-gNB.
· scheme#2: Beam nulling based on gNB-gNB channel measurement.
These two schemes are based on the type of measurement, reporting, and application of the measurement at the aggressor gNB. 

Beam nulling based on steering vector between gNB-gNB.
The following alternates were discussed in the previous meeting for beam nulling based on the steering vector between gNB-gNB.

• Alt.1: gNB-A performs measurement on the RS transmitted from gNB-B and gives feedback the beam-ID information to gNB-A. gNB-A further nulls the interference towards gNB-B based on this beam-ID.

• Alt.2: gNB-A performs measurement on the RS transmitted from gNB-B and identifies the beam-ID for nulling to reduce the interference towards gNB-B

gNB-A and gNB-B can be aggressor or victim gNB.

[bookmark: _Hlk163223006]In the spatial domain coordination, involving beam nulling by steering vectors between gNB-gNB multiple aggressor gNBs can introduce interference to a victim gNB. In such cases, it becomes difficult for the victim gNB to measure interference from various aggressors. The aggressor gNBs employ Non-Zero Power (NZP) CSI-RS for interference measurement, while the victim gNB utilizes Zero Power (ZP) CSI-RS. To prevent collisions, coordinated orthogonal resource sets in both time and frequency are essential when multiple aggressor gNBs are transmitting NZP CSI-RS to the victim gNB.

 Specification Impact 
[bookmark: _Int_gWnw8Lk0]Since the RS like NZP-CSI-RS and/or NCD SSB is used for interference measurement, the orthogonal resource sets clearly identifying unique beam-ID and associated cell-id should be co-ordinated at a network level across gNB’s to enable the CLI measurements. This mandates specification changes in terms of RS resource set design and exchange of resource configurations across gNB’s. The measurement report configurations, like the CLI measurement window, need to be aligned between gNBs. Based on the CLI measurement, interfering beam-ID’s from the aggressor, gNB’s needs to be intimated across the network for CLI mitigative actions. This mandates a specification change to enhance measurement configuration, measurement report, and exchange of these information across the network over Xn interface.

Proposal 1: Consider the following as a potential specification impact for beam nulling based on steering vector between gNB-gNB. 
· Enhanced measurement resource configuration based on NZP CSI-RS/NCD-SSB.
· Enhanced measurement report.
· Information exchange of measurement resource configuration 
· Information exchange of measurement report configuration including CLI measurement window and periodicity, RSRP/RSRQ, DL beam indication.

 Operational details and gNB complexity 
The orthogonal reference resource sets are required across gNB’s to ensure various interfering beams are identified uniquely and reported back for CLI mitigative actions. The measurement window for CLI measurement is aligned across gNB, after which Victim gNBs create a measurement report, and this information is exchanged via Xn Interface. Based on these reports the aggressor gNB’s choose appropriate beams for nulling to reduce the interference at victim gNB’s.

Proposal 2: Consider the following as operational details for beam nulling based on the steering vector between gNB-gNB for Alt-1
· Allocation of Coordinated orthogonal reference resources sets for CLI measurement across gNBs.
· Network level Triggering of CLI measurements
· Victim gNB measures and reports interfering beam ID to aggressor gNB.
· Victim gNB to aggressor gNBs reporting will be over the Xn interface.
· Aggressor gNB nulls the interfering beams reported by victim gNB.  

gNB complexity for Alt-1 as follows:

Observation 1: gNB Complexity for beam nulling based on the steering vector between gNB-gNB for alt-1 is as follows.
· Coordination of Reference Signal time/frequency resources & Measurement between victim and aggressor gNBs.
· Measurement of CLI at victim gNBs.
· Measurement reporting across gNB's for determining optimal PMI for Nulling.

Proposal 3: Consider the following as operational details for beam nulling based on the steering vector between gNB-gNB for Alt-2
· Allocation of Coordinated orthogonal reference resources sets for CLI measurement across gNBs.
· Network level Triggering of CLI measurements
· Aggressor gNB measures CLI.
· Aggressor gNB nulls the interfering beams.

gNB complexity for Alt-2 as follows:
Observation 2: gNB Complexity for beam nulling based on the steering vector between gNB-gNB for Alt-2 is as follows
· Coordination of Reference signal time/frequency resources & Measurements between victim and aggressor gNBs.
· Measurement of CLI at aggressor gNBs.

Observation 3:  CLI measurement based on Alt-2 scheme has lower complexity and no feedback overhead
Alt-2 (gNB-A performs measurement on the RS transmitted from gNB B and identifies the beam-ID) for CLI measurement feedback is not required from victim to aggressor gNB, it is better to consider Alt-2 to avoid extra signalling from aggressor gNB-B to victim gNB-A. When we consider the case where gNB- B is a victim micro gNB and gNB-A is the aggressor macro gNB, it is difficult for gNB-A to identify CLI from micro gNB-B because of the large transmission power difference. In other case where gNB-B transmitting reference signal to gNB-A, CLI can be measured accurately. 

Proposal 4: Consider Alt-2 (gNB-A performs measurement on the RS transmitted from gNB B and identifies the beam-ID) for CLI measurement.
FFS: Impact of Alt-2 on micro gNB as a victim

Beam nulling based on gNB-gNB channel measurement.
The victim gNB does the channel measurement and reports it to the aggressor gNB. The aggressor gNB, based on the received detailed channel measurement report, modifies its precoder/beamformer to suppress the interference in the direction of victim gNB without impacting the beamforming of serving UEs. 
In beam nulling based on gNB-gNB channel measurement, the aggressor gNB utilizes the MIMO degree of freedom to create null in the direction of the victim gNB. Initial studies in TR 38.858 [2] have shown that beam nulling based on gNB-gNB channel measurement has a larger mean UL Average-UPT for all load levels due to better flexibility to perform beam nulling. 
New measurement and reporting schemes need to be defined to enable spatial domain-based CLI handling. A detailed CLI measurement configuration and reporting needs to be done for each unique pair of aggressors gNB and victim gNB. NZP-CSI-RS and/or SSB-based measurement and reporting configuration can be used as a baseline. CLI measurement must be done periodically or aperiodically to have accurate measurement reports. 
In the spatial domain coordination using beam nulling by channel measurement between gNB-gNB multiple aggressor gNBs can introduce interference to a victim gNB. In such cases, it becomes difficult for the victim gNB to measure interference from various aggressors. The aggressor gNBs employ Non-Zero Power (NZP) CSI-RS for interference measurement, while the victim gNB utilizes Zero Power (ZP) CSI-RS. To prevent collisions, coordinated scheduling in both time and frequency is essential when multiple aggressor gNBs are transmitting NZP CSI-RS to the victim gNB.
Multiple aggressor gNBs transmit a reference signal to the victim gNB. For unique identification of aggressor gNB enhance measurement and reporting configuration to include aggressor gNB information.
Proposal 5: Enhance measurement and reporting configuration using NZP-CSI-RS and/or SSB to include aggressor gNB information.
· FFS: The exact details of aggressor gNB information to be included in measurement configuration.
Proposal 6: CLI measurement for spatial domain coordination can be periodic or aperiodic. 
· FFS: Periodicity of CLI measurement & reporting.

 Specification Impact 
Since the RS like NZP-CSI-RS and/or NCD SSB is used for interference measurement, The orthogonal resource sets, cell-id should be coordinated at a network level across gNB’s to enable the CLI measurements. This mandates specification changes in terms of RS resource set design and exchange of resource configurations across gNB’s. The measurement report configurations, like the CLI measurement window, need to be aligned between gNBs. Interfering channel measurements from the aggressor gNBs needs to be intimated across the network for CLI mitigative actions. This mandates a specification change to enhance measurement configuration, measurement report, and exchange of this information across the network over the Xn interface.

Proposal 7: Consider the following as a potential specification impact for beam nulling based on gNB-gNB channel measurement 
· Reference signal for measurement of CLI 
· Information exchange of measurement resource configuration based on NZP-CSI-RS and/or NCD SSB
· Information exchange of channel measurement associated cell-id’s
· Information exchange of CLI-mitigation request and indication 
 

Operational details and gNB Complexity
The orthogonal reference resource sets are required across gNB’s to measure interfering channels and report back for CLI mitigative actions. The measurement window for CLI measurement is aligned across gNB, after which Victim gNBs create a measurement report, and this information is exchanged via Xn Interface. Based on these reports, the aggressor gNBs chose the appropriate downlink precoder to reduce the interference at victim gNBs.

Proposal 8: Consider the following as operational details for beam nulling based on channel measurement between gNB-gNB for Alt-1
· Allocation of coordinated orthogonal reference resources sets for CLI measurement across gNBs.
· Network level Triggering of CLI measurements
· Aggressor gNB transmits reference signal to the victim gNB 
· Victim gNB measures the channel and reports it to aggressor gNB.
· The aggressor gNB determines the DL precoder for its serving UEs by considering the channel information between aggressor gNB and victim gNB to minimize the interference at victim gNB . 
· The aggressor gNB transmits reference signal periodically to the victim gNB to decide the effectiveness of interference mitigation provided by aggressor gNB.



gNB Complexity for Alt-1
Observation 4: gNB Complexity for beam nulling based on channel measurement between gNB-gNB for Alt-1 is as follows
· Processing complexity at aggressor gNB 
· Based on the received channel measurement report, aggressor gNB computes SVD and then incorporates the singular vectors in computing DL precoder for the serving UEs.
· Processing complexity at victim gNB 
· Measurement of channels for CLI and reporting.

Proposal 9: Consider the following as operational details for beam nulling based on channel measurement between gNB-gNB for Alt-2
· Allocation of coordinated orthogonal reference resource sets for CLI measurement across gNBs.
· Network level triggering of CLI measurements
· Victim gNB transmits a reference signal to the aggressor gNB 
· Aggressor gNB measures the channel.
· The aggressor gNB determines the DL precoder for its serving UEs by considering the channel information between aggressor gNB and victim gNB to minimize the interference at victim gNB . 

[bookmark: _Hlk163219152]gNB Complexity for Alt-2
Observation 5: gNB Complexity for beam nulling based on channel measurement between gNB-gNB for Alt-2 is as follows.
·  Processing complexity at aggressor gNB 
· Measurement of channels for CLI and reporting.
· Based on the Channel measurement, aggressor gNB computes SVD and then incorporates the singular vectors in computing the DL precoder for the serving UEs.





UL Resource Muting
 In TR 38.858[2], two UL resource muting schemes, were discussed, 

· Option 1: gNB-gNB covariance matrix estimation based on transparent UL resource muting. 
· Option 2: gNB-gNB covariance matrix estimation based on non-transparent UL resource muting.

In both options, the victim gNB estimates the covariance matrix of gNB-to-gNB interference by muting its UL resources. The estimated covariance matrix is then incorporated into the victim gNB’s LMMSE-IRC receiver to form an enhanced LMMSE-IRC (E-LMMSE-IRC) receiver for UL reception.


Transparent UL resource muting
Transparent UL resource muting proposes complete muting of victim’s first three or four OFDM symbols of SBFD UL sub band. 
    
Specification Impact 
To enable interference co-variance matrix estimation and avoid contamination, UL-DMRS and DL-DMRS symbol UL/DL resources need muting. For UL resource muting, there is no specification impact, as the PUSCH type-B can be used to mute initial UL symbols. To avoid UL DMRS contamination by DL symbols, corresponding DL symbols need to be muted. The current specification does not support DL symbol muting. This mandates a specification update.

Observation 6: PUSCH Type-B resource mapping can be used to enable transparent UL Muting

Proposal 10: Consider the following as a potential specification impact for transparent UL resource muting.
· Signaling of assistance information for interference/channel estimation over Xn interface.
· Signaling of DL muting pattern to eliminate contamination of UL DMRS.
· Signaling of DL muting pattern to UE for de-ratematching.



Operational details and gNB/UE Complexity
Coordinated UL/DL muting patterns across gNBs in the network enable the interference covariance matrix measurement and avoid UL/DL DMRS contamination. To enable accurate channel estimates at Victim gNBs, the DL-Symbols overlapping in time with the UL-DMRS are muted. UL resource muting enables Victim gNB to estimate the interference co-variance matrix and incorporate it into an enhanced LMMSE-IRC receiver to mitigate the CLI interference from the aggressor gNBs. UL resource muting can be achieved through PUSCH type-B resource mapping configurations.

Proposal 11: Consider the following as operational details for transparent UL resource muting.
· Network level Co-ordination of UL muting pattern over Xn interface 
· Compute interference covariance matrix on muted UL resource
· Covariance Matrix is then incorporated into the victim gNB’s enhanced LMMSE-IRC receiver for interference rejection from aggressor gNB’s.

gNB complexity:
Observation 7: gNB Complexity for UL transparent muting scheme are as follows.
· Computation of Covariance matrix on muted symbols for gNB-gNB interference measurement. 
· Implementation of Enhanced MMSE IRC for equalization.
· Transport block calculation and rate matching for DL PDSCH based on the muting pattern.

UE complexity
Observation 8: UE Complexity for UL transparent muting scheme are as follows.
· Enhancement of De-rate matching for muted DL(PDSCH) symbols.


Non-transparent UL resource muting
[bookmark: _Int_M1qUCrYf]In Non-transparent UL resource muting, UE will not transmit on select REs in uplink symbols based on the configured RE muting pattern.  These REs are used at the gNB to estimate the interference covariance matrix.  Compared to transparent UL muting, non-transparent muting will provide better resource efficiency as only a select RE is muted (instead of a complete symbol)

 Specification Impact 
To enable interference co-variance matrix estimation and avoid contamination, UL-DMRS and DL-DMRS symbol UL/DL resources need muting. For non-transparent UL muting RE level muting is required. The current specification does not support RE-level resource muting of the UL resources. To avoid UL DMRS contamination by DL symbols, corresponding DL symbols need to be muted. The current specification does not support DL symbol muting. This mandates a specification update.

Proposal 12: Consider the following as a potential specification impact for non-transparent UL resource muting.
· New PUSCH resource mapping scheme to enable non-transparent resource muting. (RE level muting pattern)
· Enhance DCI format to indicate the new resource mapping scheme.
· Signaling of assistance information for interference/channel estimation over Xn interface.
· Signaling of DL muting pattern to eliminate contamination of UL DMRS.
· Signaling of UL muting pattern to eliminate the contamination of DL DMRS.

 Operational details and gNB/UE Complexity
Coordinated UL/DL muting patterns across gNBs in the network enable the interference covariance matrix measurement and avoid UL/DL DMRS contamination. To enable accurate channel estimates at Victim gNB’s the DL-Symbols overlapping in time with the UL-DMRS are muted. UL resource muting enables Victim gNB to estimate the interference covariance matrix and incorporate it into an enhanced LMMSE-IRC receiver to mitigate the CLI interference from the aggressor gNBs. To enable UL resource muting at the RE level, a new Resource mapping scheme needs to be agreed upon and indicated to UE.

Proposal 13: Consider the following as operational details for Non-transparent UL muting.
· Signaling of UL muting pattern over Xn interface 
· Compute interference covariance matrix on muted UL resource
· Covariance Matrix is then incorporated into the victim gNB’s enhanced LMMSE-IRC receiver for interference rejection from aggressor gNB’s.
· Increased PAPR for DFT-S-OFDM due to non-transparent UL resource muting.

Observation 9: gNB Complexity for UL non-transparent muting scheme are as follows
· Computation of Covariance matrix on muted RE’s for gNB-gNB interference measurement. 
· Implementation of the Enhance MMSE IRC for equalization.
· Transport block calculation and rate matching for DL PDSCH based on the muting pattern.

UE complexity:

Observation 10: UE Complexity for UL non-transparent muting scheme are as follows
· Enhancement of De-rate matching for muted DL(PDSCH) symbols.
· Enhancement of Rate-matching in PUSCH to support Non-transparent UL resource muting.
· Impact on power allocation because of RE/RB level muting.

Proposal 14: Considering spec impact and UE complexity, transparent-based UL resource muting methods can be considered under UL resource Muting Mode-1.
Observation 11: As indicated in our last contribution [3], the UL throughput in transparent UL resource muting is affected by the muting of 22% or 29% of resources compared to non-transparent UL muting, where only 4% of resources are muted. Hence, the non-transparent UL resource muting scheme should perform better with respect to UL throughput than the transparent UL resource muting scheme

Proposal 15: Considering the UL throughput gain of the non-transparent UL muting compared to transparent UL muting, non-transparent UL muting should be considered as UL Muting Mode-2. 
The spatial domain coordination and UL resource muting-based schemes are fundamentally different. In the spatial domain coordination scheme, CLI is addressed by transmit precoding at aggressor gNB. In the UL resource muting scheme, CLI is addressed by an advanced (E-LMMSE-IRC) receiver at victim gNB. In the Spatial domain coordination scheme, a detailed measurement and reporting of CLI between aggressor gNB and victim gNB is required. However, there is minimal signaling overhead in the case of the UL resource muting Scheme. 

The spatial domain coordination at the aggressor gNB transmitters will ensure that the issue of receiver blocking at victim gNB is mitigated by beam nulling. An additional suppression by the UL muting scheme (using E-LMMSE-IRC receiver) at the victim gNB will further improve inter-site gNB-gNB co-channel inter-sub band CLI.  Hence combining UL muting along with spatial domain coordination can help in gNB-gNB CLI handling.

Proposal 16: For gNB-gNB CLI handling, both the UL resource muting scheme and the spatial domain coordination scheme should be considered.
Conclusion
In this contribution, we discuss about CLI handling with the following proposal.
Proposal 1: Consider the following as a potential specification impact for beam nulling based on the steering vector between gNB-gNB 
· Enhanced measurement resource configuration based on NZP CSI-RS/NCD-SSB.
· Enhanced measurement report.
· Information exchange of measurement resource configuration 
· Information exchange of measurement report configuration, including CLI measurement window and periodicity, RSRP/RSRQ, and DL beam indication.

Proposal 2: Consider the following as operational details for beam nulling based on the steering vector between gNB-gNB for Alt-1
· Allocation of Coordinated orthogonal reference resources sets for CLI measurement across gNBs.
· Network level Triggering of CLI measurements
· Victim gNB measures and reports interfering beam ID to aggressor gNB.
· Victim gNB to aggressor gNBs reporting will be over Xn interface.
· Aggressor gNB nulls the interfering beams reported by victim gNB.  

Observation 1: gNB Complexity for beam nulling based on the steering vector between gNB-gNB for alt-1 is as follows
· Coordination of Reference Signal time/frequency resources & Measurement between victim and aggressor gNBs.
· Measurement of CLI at victim gNBs.
· Measurement reporting across gNB's for determining optimal PMI for Nulling.

Proposal 3: Consider the following as operational details for beam nulling based on steering vector between gNB-gNB for Alt-2
· Allocation of Coordinated orthogonal reference resources sets for CLI measurement across gNBs.
· Network level Triggering of CLI measurements
· Aggressor gNB measures CLI.
· Aggressor gNB nulls the interfering beams.

Observation 2: gNB Complexity for beam nulling based on the steering vector between gNB-gNB for Alt-2 is as follows
· Coordination of Reference signal time/frequency resources & Measurements between victim and aggressor gNBs.
· Measurement of CLI at aggressor gNBs.

Observation 3:  CLI measurement based on Alt-2 scheme has lower complexity and no feedback overhead

Proposal 4: Consider Alt-2 (gNB-A performs measurement on the RS transmitted from gNB B and identifies the beam-ID) for CLI measurement.

Proposal 5: Enhance measurement and reporting configuration using NZP-CSI-RS and/or SSB to include aggressor gNB information.
· FFS: The exact details of aggressor gNB information to be included in measurement configuration.

Proposal 6: CLI measurement for spatial domain coordination can be periodic or aperiodic. 
· FFS: Periodicity of CLI measurement & reporting.

Proposal 7: Consider the following as a potential specification impact for beam nulling based on gNB-gNB channel measurement 
· Reference signal for measurement of CLI 
· Information exchange of measurement resource configuration based on NZP-CSI-RS and/or NCD SSB
· Information exchange of channel measurement associated cell-id’s
· Information exchange of CLI-mitigation request and indication 
 

Proposal 8: Consider the following as operational details for beam nulling based on channel measurement between gNB-gNB for Alt-1
· Allocation of coordinated orthogonal reference resources sets for CLI measurement across gNBs.
· Network level Triggering of CLI measurements
· Aggressor gNB transmits reference signal to the victim gNB 
· Victim gNB measures the channel and reports it to aggressor gNB.
· The aggressor gNB determines the DL precoder for its serving UEs by considering the channel information between aggressor gNB and victim gNB to minimize the interference at victim gNB . 
· The aggressor gNB transmits reference signal periodically to the victim gNB to decide the effectiveness of interference mitigation provided by aggressor gNB.

Observation 4: gNB Complexity for beam nulling based on channel measurement between gNB-gNB for Alt-1 is as follows
· Processing complexity at aggressor gNB 
· Based on the received channel measurement report, aggressor gNB computes SVD and then incorporates the singular vectors in computing DL precoder for the serving UEs.
· Processing complexity at victim gNB 
· Measurement of channels for CLI and reporting.

Proposal 9: Consider the following as operational details for beam nulling based on channel measurement between gNB-gNB for Alt-2
· Allocation of coordinated orthogonal reference resources sets for CLI measurement across gNBs.
· Network level triggering of CLI measurements
· Victim gNB transmits reference signal to the aggressor gNB 
· Aggressor gNB measures the channel.
· The aggressor gNB determines the DL precoder for its serving UEs by considering the channel information between aggressor gNB and victim gNB to minimize the interference at victim gNB . 

Observation 5: gNB Complexity for beam nulling based on channel measurement between gNB-gNB for Alt-2 is as follows.
·  Processing complexity at aggressor gNB 
· Measurement of channels for CLI and reporting.
· Based on the Channel measurement, aggressor gNB computes SVD and then incorporates the singular vectors in computing DL precoder for the serving UEs.

Observation 6: PUSCH Type-B resource mapping can be used to enable transparent UL Muting

Proposal 10: Consider the following as a potential specification impact for transparent UL resource muting.
· Signaling of assistance information for interference/channel estimation over Xn interface.
· Signaling of DL muting pattern to eliminate contamination of UL DMRS.
· Signaling of DL muting pattern to UE for de-ratematching.


Proposal 11: Consider the following as operational details for transparent UL resource muting.
· Network level Co-ordination of UL muting pattern over Xn interface 
· Compute interference covariance matrix on muted UL resource
· Covariance Matrix is then incorporated into the victim gNB’s enhanced LMMSE-IRC receiver for interference rejection from aggressor gNB’s.

Observation 7: gNB Complexity for UL transparent muting scheme are as follows.
· Computation of Covariance matrix on muted symbols for gNB-gNB interference measurement. 
· Implementation of Enhanced MMSE IRC for equalization.
· Transport block calculation and rate matching for DL PDSCH based on muting pattern.

Observation 8: UE Complexity for UL transparent muting scheme are as follows.
· Enhancement of De-rate matching for muted DL(PDSCH) symbols.

Proposal 12: Consider the following as a potential specification impact for non-transparent UL resource muting.
· New PUSCH resource mapping scheme to enable non-transparent resource muting. (RE level muting pattern)
· Enhance DCI format to indicate the new resource mapping scheme.
· Signaling of assistance information for interference/channel estimation over Xn interface.
· Signaling of DL muting pattern to eliminate contamination of UL DMRS.
· Signaling of UL muting pattern to eliminate the contamination of DL DMRS.

Proposal 13: Consider the following as operational details for Non-transparent UL muting.
· Signaling of UL muting pattern over Xn interface 
· Compute interference covariance matrix on muted UL resource
· Covariance Matrix is then incorporated into the victim gNB’s enhanced LMMSE-IRC receiver for interference rejection from aggressor gNB’s.
· Increased PAPR for DFT-S-OFDM due to non-transparent UL resource muting.


Observation 9: gNB Complexity for UL non-transparent muting scheme are as follows.
· Computation of Covariance matrix on muted RE’s for gNB-gNB interference measurement. 
· Implementation of the Enhance MMSE IRC for equalization.
· Transport block calculation and rate matching for DL PDSCH based on the muting pattern.

Observation 10: UE Complexity for UL non-transparent muting scheme are as follows.
· Enhancement of De-rate matching for muted DL(PDSCH) symbols.
· Enhancement of Rate-matching in PUSCH to support Non-transparent UL resource muting.
· Impact on power allocation because of RE/RB level muting.

Proposal 14: Considering spec impact and UE complexity, transparent-based UL resource muting methods can be considered under UL resource Muting Mode-1.

Observation 11: As indicated in our last contribution [3], The UL throughput in transparent UL resource muting is affected by the muting of 22% or 29% of resources compared to non-transparent UL muting, where only 4% of resources are muted. Hence, the non-transparent UL resource muting scheme should perform better with respect to UL throughput than the transparent UL resource muting scheme.

Proposal 15: Considering the UL throughput gain of the non-transparent UL muting compared to transparent UL muting, non-transparent UL muting should be considered as UL Muting Mode-2. 
Proposal 16: For gNB-gNB CLI handling, both the UL resource muting scheme and the spatial domain coordination scheme should be considered.
Reference
[1] RP-240172, Evolution of NR duplex operation: Sub-band full duplex (SBFD)
[2] 3GPP TR 38.858: “Study on Evolution of NR Duplex Evolution”
[3] R1-2400179, Discussion on gNB-gNB CLI handling, Tejas Networks Ltd

