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1 Introduction
In the RAN #102 meeting, a WI on the evolution of NR duplex operation was approved. The objectives of the WI related to CLI handling are listed as follows [1].  
	· 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. 



Furthermore, a number of agreements have been reached in RAN1 116b, as outlined below [9].
	For future RAN1 meetings:
For the down-selection of gNB-to-gNB CLI handling scheme(s) and UE-to-UE CLI handling scheme(s), companies are encouraged to check whether the candidate co-channel CLI handling scheme can be applicable for inter-operator and/or intra-operator adjacent channel CLI handling.
· Note: Whether flexible symbol(s)/slot(s) with SBFD subband configurations can be convert into DL/UL symbols by TDD-UL-DL-ConfigDedicated is discussed under AI 9.3.1.
· Note: Whether UE-specific SBFD subband time domain location indication is supported is discussed under AI 9.3.1.

Agreement
If beam nulling is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., periodic NZP CSI-RS 

Agreement
If beam pairing is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., SSB and/or periodic NZP CSI-RS
· Information exchange of recommended/not-recommended DL beam information and associated resource configuration

R1-2403513	Summary #2 of CLI handling	Moderator (Huawei)

Agreement
If non-transparent UL resource muting is supported for interference covariance matrix measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
· Definition and indication of UL resource muting pattern
· Collision with DMRS/PTRS
· PUSCH resource mapping, i.e., rate-matching around the muted REs
· UCI resource determination
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
· TB size determination
Note: The existing reference signal time-frequency resource pattern, e.g., PT-RS, comb-2 SRS, are the candidates for the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.

Agreement
If non-transparent UL resource muting is supported for gNB-to-gNB CLI measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
· Definition and indication of UL resource muting pattern
· Collision with DMRS/PTRS
· PUSCH resource mapping, i.e., rate-matching around the muted REs
· UCI resource determination
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
· TB size determination
· Exchange of information across gNBs on measurement resources 
Note: The existing reference signal time-frequency resource pattern, e.g., CSI-RS, are used to determine the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.

Agreement
Consider the following alternatives for down selection in RAN1#117.
Alt.1:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CLI measurement accuracy requirement [RAN4]
Alt.2: 
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set), i.e., CLI-IMR
· Measurement reporting
· CSI measurement procedure integrating CLI measurement
· Note: Reuse the existing periodic, semi-persistent and aperiodic reporting on PUCCH/PUSCH 
· Note: Reuse the existing report quantities, i.e., CQI, L1-SINR, and the new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities
Alt.3:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource or CLI-IMR
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g. L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CSI measurement procedure integrating CLI measurement
· CLI measurement accuracy requirement [RAN4]
Note: The new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities, i.e., CQI, L1-SINR.

Agreement
UL Tx power control based schemes are not considered in the down-selection of gNB-to-gNB CLI handling and UE-to-UE CLI handling schemes.
· Note: Support of UL Tx power control enhancements can be discussed in AI 9.3.1 and 9.3.2 (for PRACH only).

R1-2403514	Summary #3 of CLI handling	Moderator (Huawei)

Agreement
If coordinated scheduling in time and/or frequency is supported for gNB-to-gNB CLI handling and UE-to-UE CLI handling, the following is recommended to be specified
· Information exchange of semi-static cell-specific SBFD time and frequency location configuration

Conclusion
L1 based UE-to-UE CLI measurement and reporting based on event triggered based reporting are not considered for UE-to-UE CLI handling in Rel-19.





This contribution provides NEC views on potential enhancements to CLI handling.
2 Discussion
2.1 gNB-to-gNB CLI Measurement
During the study item, we concluded that CSI-RS and SSB should be used to facilitate gNB-gNB CLI measurements. Further, the exchange of CLI-RS configuration between the gNBs was considered an enabler for these measurements. However, details of the configuration information that should be shared between the gNBs are still under discussion.
Given that CSI-RS would mainly be used for RSRP-type metric calculation and the CLI measuring gNB may not get as much benefits from measuring interference from different antenna elements/groups of a TRP, it seems reasonable that a single port CSI-RS is sufficient for transmission from one TRP where different beams are TDMed using different CSI-RS resources. However, to reduce the CSI-RS signalling overhead in the presence of multiple TRPs of the same gNB, different TRPs (which need to transmit CLI-RS) can share the same CSI-RS resource but using different ports.
[bookmark: _Hlk165882479]Proposal 1: Consider single-port CSI-RS per TRP as the baseline for CSI-RS configuration exchange between the gNBs for CLI measurement.
· Different TRPs of a gNB can use different ports of the same CSI-RS resource.
As currently 64 ports are supported per CSI-RS resource, a gNB may not be able to use all of the ports if only a few TRPs are connected to the gNB. In this case,, to reduce the CSI-RS signalling overhead even further, we can investigate whether different gNBs (which need to transmit CSI-RS for CLI measurements) can share the same set of CSI-RS resources but using different ports. However, such multiplexing should only be allowed for non-CDMed ports, as the orthogonality between the CDMed ports may be hard to maintain when the ports are being used by different gNBs.
[bookmark: _Hlk165882491]Proposal 2: Different gNBs can share the same set of CSI-RS resources for CLI measurements but using different non-CDMed ports. 
For CSI-RS-based measurements, although RAN1 has agreed to consider periodic NZP-CSI-RS for CLI measurements, we think that aperiodic or semi-persistent CSI-RS should also be equally discussed. Given that CSI-RS transmission is mainly expected to identify aggressor gNB and associated aggressor beams, we do not see the need for the CSI-RS to be transmitted periodically. Further, to enable power-saving features at the gNB, a gNB may choose to transmit CSI-RS only sporadically and hence may avoid using periodic CSI-RS for CLI measurements. For this reason, adopting a framework of aperiodic or semi-persistent CSI-RS transmission from the gNB may be beneficial compared to using periodic CSI-RS transmissions.
[bookmark: _Hlk165882526]Proposal 3: Consider aperiodic or semi-persistent CSI-RS and periodic CSI-RS for gNB-gNB CLI measurements. 
Also, suppose a gNB decides to perform CSI-RS transmission periodically. In that case, we need to discuss how to protect the resources for CLI measurement, which may conflict with UL receptions of the gNB performing CLI measurement. Without such protection, the CLI measurement results may not provide accurate feedback on the interference situation. To enable this, some indication is required from gNB to serve UEs in resolving the issue when the PRACH/PUCCH/PUSCH resource overlaps or at least partially overlaps with the CLI-RS resource. One solution can be to enable rate matching/puncturing the UL resources around the CSI-RS resources being used for CLI measurement. Note that performing rate matching/puncturing of UL around periodic CSI-RS resources is much more efficient than network implementation-based scheduling restrictions (like avoiding scheduling UL on the resources to be used for CLI measurement), as such restrictions are likely to result in a larger number of unutilised UL resources (as compared to rate matching/puncturing) thus reducing spectrum efficiency.
[bookmark: _Hlk165882533]Proposal 4: Support non-transparent UL rate matching/puncturing procedures at least for CLI measurement for periodic CSI-RS.

If the above proposal is agreed upon, then UL rate matching/puncturing resource pattern/configuration needs to be specified. There can be several options for defining such resource patterns such as:
· Option 1: A new RS type, e.g., zero power (ZP) SRS, can be configured to the UE for rate-matching resources which follow the CSI-RS resource pattern.
· Option 2: Puncturing resources (pattern-based) can be configured for the UE.
· Option 3: ZP-CSI resources, which are applied for rate-matching UL transmissions, are defined.

[bookmark: _Hlk165882595]Proposal 5: Consider the following approaches for indicating the puncturing/rate matching resources to UEs.
· Option 1: A new RS type, e.g., zero power (ZP) SRS, can be configured to the UE for rate-matching resources which follow the CSI-RS resource pattern.
· Option 2: Puncturing resources (pattern-based) can be configured to the UE.
· Option 3: ZP-CSI resources, which are applied for rate-matching UL transmissions, are defined.
For CLI measurement metrics, apart from the metrics being considered, channel-specific CLI threshold level should also be defined. The CLI threshold level can be defined as a quantised value of the risk of experiencing interference for a specific resource(s). It can be determined based on the sequence detection error/false alarm probability, RSSI, RSRP, or SNR, and a threshold level can be chosen from a range of values. Before the gNB schedules the UL transmission, the gNB should make a CLI measurement and determine whether the threshold level of the scheduled resource for UL transmission is sufficient. The gNB can indicate that the UE will perform UL transmission only if the tolerance of the traffic/signal of the DG-UL matches the CLI threshold level of the transmission resource. This procedure may require a CLI tolerance level to be defined/considered for different traffic types, such as eMBB, URLLC, MTC, or for transmitted physical or logical channels/signals. If the threshold level of a particular resource is high, then only the channel/signal with a low CLI tolerance level can be transmitted on this resource.
[bookmark: _Hlk165882602]Proposal 6: Define CLI threshold level as a measurement metric for gNB-gNB CLI measurements. In which different channels will require different CLI thresholds to continue transmission. 
2.2 gNB-to-gNB Coordinated Scheduling
Different mechanisms for inter-gNB coordinated transmission are captured in TR38.858, which shall be used for normative specification; we need to specify relevant information that needs to be shared to accomplish such coordinated transmission. 
There are currently two coordination methodologies by which corrective action can be implemented to mitigate CLI:
· Approach-1: Victim gNB performing the CLI measurements and sharing the list of interfering/preferred beams with the aggressor gNB along with any additional assisting information. The aggressor gNB takes corrective action based on the provided information.
· Approach-2: Victim gNB performing the CLI measurements and sharing the list of interfering/preferred beams with the aggressor gNB. The aggressor gNB provides additional assistance information to the victim gNB to help the victim gNB take appropriate corrective action.
As the type of information exchange required between the gNBs for coordination is dependent on the approach selected for CLI mitigation, we propose to down-select between one of the given approaches to streamline the discussion.
Note that Approach-1 is aligned with beam nulling discussion which has been going on in RAN1. In Approach-2, the assistance information from the aggressor gNB is expected to be a form of dynamic scheduling information which can be utilised by victim gNB to schedule its beam transmissions appropriately. Given that Approach-2 may require coordination between gNBs about beam scheduling information. We may need further discussion on its feasibility. Hence, we prefer to support Approach-1 for further discussion. 
Note that current 3GPP agreement on beam nulling does not consider the information exchange related to preferred/non-preferred beams as captured in RAN1#116bis meeting.
Agreement
If beam nulling is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., periodic NZP CSI-RS 
Above agreement seems to indicate that CLI measurements are only performed at aggressor gNB and aggressor gNB takes corrective action by assuming channel reciprocity. However, it needs to be understood that such procedure cannot work when the aggressor gNB and victim gNB have dissimilar transmission power levels. For example, if victim gNB transmission power is significantly lower than aggressor gNB then aggressor gNB may not be able to find any issues while performing CLI measurements, even though CLI level experienced by victim gNB can be significantly high. Hence, to resolve this issue properly, it is essential that victim gNB should indicate the experienced CLI levels to aggressor gNB rather than letting aggressor gNB to estimate the CLI with incomplete information.
[bookmark: _Hlk165882626]Proposal 7: Support at least beam nulling based mechanism for inter-gNB coordination. Support the following mechanism for beam nulling:
· Victim gNB performs CLI measurements and shares the list of interfering/preferred beams with the aggressor gNB along with any additional assistance information. 
· The aggressor gNB takes corrective action based on the provided information.
This also leads us to the discussion on the type of beam information exchanged from victim gNB to aggressor gNB. Although, some companies have indicated support for indicating preferred beams. But from our perspective, we think that sharing the list of interfering beams is more meaningful as such coordination should only be triggered upon detecting strong interference, whereas sharing preferred beams would imply that there will always be coordination signalling between two gNBs even if in presence of negligible CLI.
[bookmark: _Hlk165882634]Proposal 8: For beam nulling, specify information exchange of interfering or non-preferred beams measured by victim gNB for inter-gNB coordination. 
We also need to consider what additional assistance information exchange is required between the gNBs to implement different CLI mitigation measures. In Rel-16, it was agreed that gNBs could share the TDD configuration (UL and DL slots information) with each other to mitigate CLI arising from TDD frame conflicts. However, sharing only the DL/UL slot configuration may not be sufficient for the cases studied under dynamic TDD. Actual CLI experienced by victim gNB during aggressor gNB’s transmissions also depends on the beam alignments and transmission power used by the aggressor gNB. Hence, scheduling decisions by victim gNB to mitigate CLI also depends on these factors. Therefore, it would be beneficial to specify these factors for inter-gNB coordination to mitigate CLI effectively. 
Note that the above proposal does not necessarily imply dynamic information exchange between the gNBs. Instead, the priority should be to exchange the beam/power scheduling information, which is applicable semi-statically. For instance, at least the time occasions where semi-static channels are being transmitted (like SSB or CSI-RS) by a gNB, the gNB can indicate the beam information for the given time occasions. We can further decide how to handle the cases of dynamic transmissions.
[bookmark: _Hlk165882642]Proposal 9: The following information exchange between gNB is supported for coordinated inter-gNB scheduling. 
· Semi-static DL beam scheduling information of victim/aggressor gNB 
· DL transmission power information of aggressor gNB
Also, to mitigate CLI for gNB-gNB CLI during SBFD operation, it is beneficial to consider the information exchange between gNBs associated with the SBFD operation. To mitigate CLI, it is envisioned that all gNBs in proximity follow a common SBFD configuration. For the case of single-vendor network deployment, this can be accomplished using proprietary/O&M signalling; however, the approach may not work well for multi-vendor network deployment. For multi-vendor network deployment, specifying the exchange of SBFD configuration between the gNBs allows such network deployment to work efficiently.
[bookmark: _Hlk165882648]Proposal 10: For inter-gNB CLI mitigation, gNBs exchange the UL subband frequency resource configuration and SBFD time occasions with each other.
For matters of RO, specific enhancements can be made for dedicated coordinate scheduling enhancements of certain messages. RO in SBFD symbols will suffer from increased CLI that traditional RO will not have to contend with. As such, enhancements should be made for neighbouring gNBs to self-mute corresponding radio resources when they detect other gNBs in the RO process. The aggressor gNB can also choose to ignore the RO to ensure its own downlink requirements, but it can also choose to schedule around the RO of a neighbouring gNB if it is able.
[bookmark: _Hlk165882674]Proposal 11: For inter-gNB CLI mitigation, gNBs exchange RO PRB locations with each other in case neighbours are willing to help in the RO process by self-muting.
The PRACH of the UE is especially important for SBFD as it realizes a major object of enhanced coverage. During this process, a number of PRACH exchanged messages are sent between the gNB and UE. The difference in power levels between UE UL and aggressor gNB DL can lead to an issue of unsuccessful UL transmission. To combat this the aggressor gNB can be scheduled to mute itself in the instances of neighbouring UL if it deems it possible to do so. This dynamic self-muting can be completed by the exchange of time and frequency locations of the RA process. The OAM process may not support such a large exchange of information but this can be done by having the victim gNB CLI information. While normally this is not possible due to RNTI. SBFD-specific RNTI can be designed in the preamble phase by setting certain bits of the RNTI to known values. This will allow the aggressor gNB to read the DCI of the victim and to decide if it wants to self-mute in order to help the victim get out. The benefit of this approach is that it has very minimal spec impact 
[bookmark: _Hlk165882686]Proposal 12: aggressor gNB obtains the PRB information of victim gNB UL and can choose to self-mute. 
For gNB to gNB CLI schemes, the current SBFD configurations of the gNB should be shared with its neighbouring gNBS. This allows all the victim gNBs to adjust their own CLI configurations depending on the number of interfering gNBs. The total amount of aggressor gNBs that may cause interference to a victim gNB should be exchanged to allow for better CLI performance
[bookmark: _Hlk165882692]Proposal 13: In the information exchange for CLI, the current gNB SBFD status should be exchanged to allow for greater CLI performances.
2.3 UE-to-UE inter-cell co-channel interference
For the SRS-RSRP measurements, L3 measurement reporting was specified in Release 16. L3 reporting is enabled by gNB configuration of periodic CLI measurement resources with L3 filtering, which is mainly applicable for long-term statistical interference. However, this is unsuitable for enabling fast beam selection for DL transmission in response to interference variations observed by a UE. Therefore, L1 layer-based UE-to-UE CLI measurement reporting should be supported. 
[bookmark: _Hlk165882699]Proposal 14: Specify L1 based UE-UE CLI measurements and reporting.
The L1-CLI report can be periodic or aperiodic and dynamically triggered by DCI, SPS, or other events. The report configuration/indication information for UE-to-UE CLI beam management can include at least one of the following.
· The TCI state IDs. 
· The resources for CLI Measurement are SRS-ResourceConfigId or CLI-RSSI Resource ID.
· The reportConfigType{periodic, sps, aperiodic}.
Besides, for the spatial domain, the Rel-16 CLI framework does not support the signalling/configuration of the Rx beam (QCL-D) for CLI measurements. The Rx beam for CLI measurement is up to UE implementation, and generally, the QCL-D of the SRS follows either the one that last received PDSCH or the last monitored CORESET. However, when considering UE-UE CLI, a DL beam selected based on the beam direction with the highest signal strength between a victim UE and gNB may not be the best beam when a directional CLI is received at the victim UE from the aggressor UE. In other words, the gNB DL beam selection should also consider the CLI of the neighbouring UEs. Therefore, the UE beams for SRS measurement should be configured or indicated by the gNB, whose measurement results can be utilised by the gNB to select the best DL beam for communication. To enable this, the configuration information for UE-to-UE CLI measurement should include a list of TCI states for CLI beam measurement. UE can report the CLI measurement for each of the configured TCI states in the CLI reporting.
Furthermore, besides the interference and reporting scheme specified in Rel-16, new measurement methods can be considered for UE-to-UE CLI in this WI. For example, new metrics (CLI sensitivity level and CLI tolerance level) for CLI management can be defined, and gNB can adjust the transmission direction or the channel/traffic to reduce the CLI based on whether the CLI sensitivity level of the transmission resource meets the requirement of the CLI tolerance level of the channel/traffic.
[bookmark: _Hlk165882710]Proposal 15: The configuration information for UE-to-UE L1 CLI measurement should include a list of TCI states for beam-based CLI measurements.
Proposal 16: The UE-to-UE L1 CLI report configuration/indication information should include K (K>=1) TCI states with the highest L1-SRS-RSRP, L1-SINR, or L1-CLI-RSSI.
In addition, when gNB-to-gNB and UE-to-UE are both considered simultaneously, the RS overhead should be considered if RSs for both inter-UE and inter-gNB CLI measurements are periodically transmitted. A common framework for cross-link interference mitigation schemes for gNB and UE should be considered. If the DL and UL RS used for gNB-gNB or UE-UE IM, occupy different time-frequency resource elements, and the Res for transmitting RS of one link should be blanked or muted on the other link to assure the reliability of the measurement, the spectrum efficiency will be affected. Therefore, the unified design for CLI RS should be considered to reduce the overhead for IM.
For example, the RS for UE-UE CLI measurements and gNB-gNB CLI measurements can be orthogonal in the code domain to avoid interferences and reduce overheads where the resources reserved for SRS can also be used for CSI-RS resource transmission. For example, in the figure below, the Res of SRS spanning 4 OFDM symbols and comb-4 can also be used to cover one CSI-RS with density-3 repetition factor=4 transmission. And the PUSCH should do rate matching around these resources.
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Figure 1
[bookmark: _Hlk165882722]Proposal 17: Unified design for CLI RS for gNB-to-gNB and UE-to-UE measurement should be considered to reduce the RS overhead. The RS for UE-UE and gNB-gNB interference measurement can be orthogonal in order to achieve this goal.
2.4 Inter-UE CLI handling schemes specific for SBFD
Currently, four options are defined for inter-UE inter-subband CLI measurement based on the agreement in RAN1#116, as listed below:
-	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
While Method#1 allows UE to determine the total interference it is expected to observe in the DL subband due to inter-subband interference originating from the UE performing UL transmissions in the UL subband (as well as interference from other DL transmission being performed in the DL subband), Method#2 allows the UE to determine the exact source of interference. After determining the interference source, gNB can take corrective actions to ensure that the interfering UE’s UL transmission does not create significant problems for the receiving UE. Hence, both of these mechanisms have utility and should be considered further.
However, the benefits of Method#3 and Method#4 are not clear as the information from this method does not accurately indicate how much inter-subband interference the UE can observe in the DL subband. For example, even though Method#4 gives an estimation of inter-subband interference as the inter-subband interference value is expected to vary significantly with the frequency separation between UL and DL resources, it is not clear how the indicated value can be translated by the gNB to CLI in different frequency regions of the DL subband. Further, the methods do not allow for the identification of the interference source. Hence, we propose to remove Method#3 and Method#4 from further discussion.
[bookmark: _Hlk165882740]Proposal 18: Only consider Method#1 (victim UE measures RSSI within DL subband) and Method#2 (victim UE measures RSRP of aggressor UE within UL subband) for inter-UE CLI handling schemes specification.
Further, concerning the CLI measurement methodology, the following options are still valid:
-	Alt #1: separate CLI-RSSI measurement resources/reports in each DL subband
-	Alt #2: CLI-RSSI measure/report in one DL subband only
-	Alt #3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
Given that Alt#1 and Alt#2 are already supported in the specification and can fulfil the purpose of Alt#3, it seems preferable to proceed with Alt#1 and Alt#2 for CLI measurement methodology unless strong technical concerns are received for these methods.
[bookmark: _Hlk165882746]Proposal 19: Only consider Alt#1 (separate CLI-RSSI measurement resources/reports in each DL subband) and Alt #2 (CLI-RSSI measure/report in one DL subband only) for specification for CLI measurement methodologies.
Besides, as the inter-subband CLI is non-uniform, i.e., CLI is stronger at the edge of the subband that is adjacent to another subband and weaker for RBs that are further away from an adjacent subband. Hence, different measured bandwidths can be adopted for separate frequency areas to mitigate or suppress the CLI.
Furthermore, UE-to-UE inter/intra subband CLI measurement report size for SBFD operation can also be enhanced. For example, for subband CSI-RS, e.g., RSRP/RSSI/SINR report, the size of the report subband can be equal to the configured SBFD subband size. RB set-based CSI report can be considered to report the inter-subband CLI for different RB sets in the DL subband to help gNB determine the scheduled bandwidth for PDSCH. The RB set size for the RB set-based CLI report can be configured based on the DL subband size. Moreover, different types of CSI reports can be defined for the intra-cell inter-subband interference, the inter-cell inter-subband UL-DL interference, and the inter-cell intra-subband UL-DL interference, and the report bit sequence in the UCI with the priority rules for mapping should be defined.
[bookmark: _Hlk165882755]Proposal 20:
· Consider the CSI report size enhancement for SBFD operation and different types of CLI interference.
· Consider the non-uniform CLI bandwidth in inter-subband CLI measurement/report. 

2.5 Inter-gNB Coordination Requirements for UE-UE CLI Handling
UE-UE CLI handling requires coordination between gNBs when the interfering UE and victim UE are in different cells. In this case, gNBs would not only need to exchange information on the experienced CLI but also would require the exchange of information which can be used to identify interfering UEs. For example, the following methodology can be used:
· Step-1: UE1 connected to gNB1 is performing UL transmission which interferes with UE2’s downlink reception connected to gNB2.
· Step-2: Once high CLI is detected for UE2 (e.g. based on RSSI measurements and reporting conducted by UE2), gNB2 may indicate to gNB1 to initiate the process for CLI-RS transmission by UEs of gNB1.
· Step-3: gNB1 may trigger SRS transmission of potential interfering UEs (including UE1) and indicate the SRS resources to gNB2.
· Step-4: gNB2 asks UE1 to initiate RSRP measurement using the indicated SRS resources, which can be used to identify the interfering UEs.
· Step-5: gNB2 sends back the feedback to gNB1 about the identity of the UEs (here UE1) so that gNB1 can take appropriate CLI mitigation measures (e.g. Tx power adjustment).
As can be observed from the above set of procedures, inter-gNB coordination is required at different stages (e.g. Step-2,3,5) to measure CLI and CLI mitigation measures. Hence, we propose to discuss the following cases to define the inter-gNB coordination requirements for UE-UE CLI handling.
· Case-1: Indication from one gNB1 to gNB2 about high CLI experienced by users connected to gNB1.
· Case-2: Indication from gNB2 to gNB1 about CLI measurement resources to use for identifying the interfering Ues.
· Case-3: Indication from gNB1 to gNB2 about the identity of the interfering Ues of gNB2.
[bookmark: _Hlk165882829]Proposal 21:
· Consider following steps to specify inter-gNB coordination requirements for UE-UE CLI handling.
· Request from gNB1 to gNB2 to trigger CLI-RS transmissions from one or more UEs connected to gNB2.
· Indication from gNB2 to gNB1 about CLI measurement resources to use for identifying the interfering UEs.
· Indication from gNB1 to gNB2 about the identity of the interfering UEs of gNB2.
2.4 BFR enhancement with CLI
Due to extra interference, CLI may also impact the BFR procedure, such as BFD and NBI. Therefore, we should consider enhancing the BFR procedure based on the CLI measurements performed by the UE. 
For example, in the presence of a high CLI, beam failure will likely be declared as the BFI counter will reach the configured maximum number before the beam failure recovery timer expires. This beam failure is expected to be reported more frequently when the configured beamFailureInstanceMaxCount is small, and the beamFailureRecoveryTimer is large. However, this should not be counted as an actual BFR because the radio conditions of the UE may be good, and the interference may only be temporary. Therefore, some solutions should be considered for BFR in the presence of a large CLI.
One possible enhancement could be that UE can estimate the CLI from the SRS measurement. This is expected to reduce the number of BFD instances, and the procedure details (e.g., network UE coordination) can be further discussed. Another possible mechanism to address this is by enhancing the UE procedure for BFD instead. For example, after a UE detects the DL radio link quality in a set that the UE uses for monitoring PDCCH to be worse than the threshold Qout, LR, then a CLI detection procedure can be initiated. If the CLI influences all or part of the beams in the set, then UE can classify this event as occurring due to the CLI influence, and UE shall not initiate the BFR procedure. Also, the potential victim UE that has detected a beam failure instance can take different actions than existing BFI (e.g., due to beam blockage) if CLI causes the BFI in NR dynamic TDD systems. Besides, NBI can also be enhanced when CLI is considered. 
Further, differentiation of the BFR caused by CLI and BFR caused by beam blockage is needed, and gNB/UE can adopt different schemes for BFR with CLI. One enhancement can include configuring dedicated PRACH/SR resources to UE to report the BF caused by CLI. 
[bookmark: _Hlk165882844]Proposal 22:
· Differentiation of the BFR caused by CLI with the beam blockage is needed. 
· Eliminating the effect of the CLI on BFR for BFD and NBI should be considered.
2.5 CLI proposal table enhancements
During RAN1-116, the following was captured in the rapporteur summary
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.
The tables below show some of the proposed items captured in their corresponding locations. 

	gNB-to-gNB co-channel CLI handling schemes
	Potential specification impact
	Performance evaluation
	Operational details

	Spatial domain based schemes
	Beam nulling
	· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS) 
· Information exchange of channel measurement
· Information exchange of CLI-mitigation request
· DL transmission power information
	Section 7.4.2.1.3 of TR 38.858:
-	Aggressor gNB Tx beam nulling based on gNB-gNB channel measurement has lower or similar mean and 5% DL Average-UPT for all load levels. 
-	Aggressor gNB Tx beam nulling based on gNB-gNB channel measurement has higher or similar mean and 5% UL Average-UPT for all load levels.

Section 3.1.3.2 from R1-2400302 [2]
Observation 4: Beam nulling can significantly reduce the co-channel blocking interference by more than 10 dB. 
Observation 5: Beam nulling can bring clear UL UPT gain for cell edge Ues for all RU cases for both SBFD and dynamic TDD. 
	· Beneficial to reduce blocking
· Two possible measurement procedures
· Alt.1: Victim gNB A performs measurement on the RS transmitted from aggressor gNB B and feedback the channel information to the aggressor gNB A.
· Alt.2: Aggressor gNB A performs measurement on the RS transmitted from victim gNB B. The aggressor gNB can use the victim-to-aggressor channel information for beam nulling
· Potential DL performance degradation due to loss of degrees of freedom in spatial domain
· Signaling overhead of exchanging channel measurement
· For steering vector based beam nulling, aggressor gNB estimates the angles towards victim gNBs and performs nulling towards those angles.

	
	Beam pairing
	· Information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB)
· Information exchange of DL beam indication
· Information exchange of preferred/restricted DL beam information and associated resource configuration
	No evaluations for SBFD
	· Mainly applicable to FR2
· Signaling overhead and latency of information exchange over non-ideal backhaul and its impact on performance
· Potential restriction on gNB scheduler implementation

	gNB-to-gNB co-channel CLI and/or channel measurement
	· Non-transparent UL resource muting, e.g., comb-2 RE-level or RB level UL resource muting pattern for PUSCH including indication of the muting pattern, potential impact on PUSCH rate-matching and power allocation, collision handling with DMRS/PTRS
· Information exchange of channel measurement
· Reference signals for channel measurement
· Information exchange of measurement resource configuration (NZP CSI-RS/NCD-SSB)
· Information exchange of DL beam indication
· Information exchange of preferred/restricted DL beam information and associated resource configuration
· CLI threshold as a new measurement metric for gNB-gNB CLI
	Section 7.4.2.2.3 of TR38.858
-	Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol has similar mean DL Average-UPT for low and medium load level, lower mean DL Average-UPT for high load level and higher or similar 5% DL Average-UPT for all load levels. 
-	Non-Transparent UL resource muting based IRC assuming UL OH: 1 symbol and DL OH: 1 symbol has higher mean UL Average-UPT and similar 5% UL Average-UPT for all load levels.
	· Beneficial for leakage interference suppression 
· Increase UE implementation complexity, e.g. rate matching, power allocation
· Increased PAPR for DFT-S-OFDM for some UL resource muting patterns
Note: If gNB-to-gNB co-channel CLI and/or channel measurement is used as an enabler for spatial domain based schemes, the operational details for those schemes also applies.

	Coordinated scheduling in time and/or frequency
	· Information exchange of semi-static SBFD time and frequency configuration
· OTA gNB-to-gNB signaling to exchange dynamic scheduling information, e.g. L1 priority
· RB level granularity is required to maximize coordination efficiency

	No evaluations for SBFD
	· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
· Coordinated scheduling in time and frequency domain is only possible at low and medium loads
· Signaling overhead and latency of information exchange over non-ideal backhaul and its impact on performance




3-2a
	UE-to-UE co-channel CLI handling schemes
	Potential specification impact
	Performance evaluations
	Operational details

	Coordinated scheduling in time and/or frequency
	· Information exchange of semi-static SBFD time and frequency configuration
· Information exchange on SRS configuration
· Information exchange of UE timing information
· L1/L2 based UE-to-UE co-channel CLI measurement and reporting
· Measurement resources
· Periodic, semi-persistent, or aperiodic, e.g., SRS, CLI-RSSI measurement resources, CLI-IMR, CSI-IM
· Reference signals for measurement, .e.g., Periodic, semi-persistent, or aperiodic with dedicated usage for CLI measurement 
· reporting should include K (K>=1) TCI states with the highest L1-SRS-RSRP, L1-SINR, or L1-CLI-RSSI
· Measurement reporting
· Periodic, semi-persistent, aperiodic and event-triggered reporting on PUCCH/PUSCH
· Reporting quantity, e.g., SRS-RSRP, CLI-RSSI, CQI, L1-SINR, RS indexes, L1-RSRP
· UCI bits generation including ordering and multiplexing with other types of UCI
· Subband CLI reporting (Similar to subband CSI)
· UCI omission rule 
· Priority for overlapping handling
· CSI processing unit and CPU occupation rule.
· Timeline and related UE behaviors
· Triggering mechanism for measurement and reporting
	Section 7.4.3 of TR 38.858
Coordinated scheduling based on L3 UE-UE CLI measurement has similar DL average-UPT gain compared to coordinated scheduling based on L1 UE-UE CLI measurement for all load levels.

Section 2.2.1 of R1-2400689 [11]
The use of a L1/L2 measurement and reporting (Scheme 2) provides the gNB with a more accurate picture of current UE-to UE CLI, allowing the gNB to carefully select an optimal pairing of downlink and uplink UEs that minimizes the impact of UE-to-UE CLI on downlink UEs. This in turn improves downlink performance when compared to Scheme 1 – loss drops from 38% to 15.5% for low load, and from 47% to 28% for medium load, respectively.  
	· Coordinated scheduling in time and frequency domain has a larger potential at low and medium loads
· L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement and low latency 
· The above does not imply that L3 based measurement and reporting cannot be used for similar purposes.


	Spatial domain based schemes
	Rx beam configuration can be configured for the L1/L2/L3 based UE-to-UE CLI measurement 
	No evaluation results for SBFD
	· Implementing spatial domain coordination for UE-to-UE CLI may increase measurement complexity. 
· The effectiveness of the coordination method can vary based on user mobility and channel variation.

	UE-to-UE co-channel CLI measurement and reporting
	Note: The potential specification impact listed for coordinated scheduling in time and/or frequency also applies here. 
	Note: The evaluations results are provided for coordinated scheduling in time and/or frequency.
	Note: The operation details listed for coordinated scheduling in time and/or frequency also applies here.


Note: The above does not imply that all listed potential specification impacts for a given CLI handling scheme will be specified.
Observation 2:
Exact impact of some proposals on the tables presented in R1-240635

3 Conclusion
Based on the discussion in the previous sections, this contribution is concluded with the following proposals:
Observation 1:
Power control enhancements may have different requirements for different use case
· UEs performing UL Tx during SBFD symbols may be required to increase their Tx power to counter the gNB self-interference. 
· UEs may also be required to increase their Tx power when gNB is experiencing large CLI from neighbor gNBs DL transmissions.
· For UE-UE CLI handling, Tx power reduction is required for interfering UEs (without significantly affecting their throughput performance).
Observation 2:
· Exact impact of some proposals on the tables presented in R1-240635
Proposal 1: Consider single-port CSI-RS per TRP as the baseline for CSI-RS configuration exchange between the gNBs for CLI measurement.
· Different TRPs of a gNB can use different ports of the same CSI-RS resource.
Proposal 2: Different gNBs can share the same set of CSI-RS resources for CLI measurements but using different non-CDMed ports. 
Proposal 3: Consider aperiodic or semi-persistent CSI-RS and periodic CSI-RS for gNB-gNB CLI measurements. 
Proposal 4: Support non-transparent UL rate matching/puncturing procedures at least for CLI measurement for periodic CSI-RS.
Proposal 5: Consider the following approaches for indicating the puncturing/rate matching resources to Ues.
· Option 1: A new RS type, e.g., zero power (ZP) SRS, can be configured to the UE for rate-matching resources which follow the CSI-RS resource pattern.
· Option 2: Puncturing resources (pattern-based) can be configured to the UE.
· Option 3: ZP-CSI resources, which are applied for rate-matching UL transmissions, are defined.
Proposal 6: Define CLI threshold level as a measurement metric for gNB-gNB CLI measurements. In which different channels will require different CLI thresholds to continue transmission. 
Proposal 7: Support at least beam nulling based mechanism for inter-gNB coordination. Support the following mechanism for beam nulling:
· Victim gNB performs CLI measurements and shares the list of interfering/preferred beams with the aggressor gNB along with any additional assistance information. 
· The aggressor gNB takes corrective action based on the provided information.
Proposal 8: For beam nulling, specify information exchange of interfering or non-preferred beams measured by victim gNB for inter-gNB coordination. 
Proposal 9: The following information exchange between gNB is supported for coordinated inter-gNB scheduling. 
· Semi-static DL beam scheduling information of victim/aggressor gNB 
· DL transmission power information of aggressor gNB
Proposal 10: For inter-gNB CLI mitigation, gNBs exchange the UL subband frequency resource configuration and SBFD time occasions with each other.
Proposal 11: For inter-gNB CLI mitigation, gNBs exchange RO PRB locations with each other in case neighbours are willing to help in the RO process by self-muting.
Proposal 12: aggressor gNB obtains the PRB information of victim gNB UL and can choose to self-mute. 
Proposal 13: In the information exchange for CLI, the current gNB SBFD status should be exchanged to allow for greater CLI performances.
Proposal 14: Specify L1 based UE-UE CLI measurements and reporting.
Proposal 15: The configuration information for UE-to-UE L1 CLI measurement should include a list of TCI states for beam-based CLI measurements.
Proposal 16: The UE-to-UE L1 CLI report configuration/indication information should include K (K>=1) TCI states with the highest L1-SRS-RSRP, L1-SINR, or L1-CLI-RSSI.
Proposal 17: Unified design for CLI RS for gNB-to-gNB and UE-to-UE measurement should be considered to reduce the RS overhead. The RS for UE-UE and gNB-gNB interference measurement can be orthogonal in order to achieve this goal.
Proposal 18: Only consider Method#1 (victim UE measures RSSI within DL subband) and Method#2 (victim UE measures RSRP of aggressor UE within UL subband) for inter-UE CLI handling schemes specification.
Proposal 19: Only consider Alt#1 (separate CLI-RSSI measurement resources/reports in each DL subband) and Alt #2 (CLI-RSSI measure/report in one DL subband only) for specification for CLI measurement methodologies.
Proposal 20:
· Consider the CSI report size enhancement for SBFD operation and different types of CLI interference.
· Consider the non-uniform CLI bandwidth in inter-subband CLI measurement/report. 

Proposal 21:
· Consider following steps to specify inter-gNB coordination requirements for UE-UE CLI handling.
· Request from gNB1 to gNB2 to trigger CLI-RS transmissions from one or more UEs connected to gNB2.
· Indication from gNB2 to gNB1 about CLI measurement resources to use for identifying the interfering UEs.
· Indication from gNB1 to gNB2 about the identity of the interfering UEs of gNB2.
Proposal 22:
· Differentiation of the BFR caused by CLI with the beam blockage is needed. 
· Eliminating the effect of the CLI on BFR for BFD and NBI should be considered.
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5 3GPP Agreements
RAN1#116
	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.
· 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
· 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.
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.
Agreement
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.



RAN1#113
	Agreement
The following conclusion is to be captured in the TR
In the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, it is assumed that periodic NZP CSI-RS/SSB is the baseline. Also, for the study, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement. From the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, followings are observed:
· gNBs, which measure gNB-to-gNB co-channel CLI using CD-SSBs from neighbor cells, might require muting/skipping some of the CD-SSBs if the time/frequency resource of CD-SSBs for the gNBs is overlapping.
· This approach might at least incur impact on initial access/cell search / RRM measurement performance
· In order to address the above issue, NCD-SSBs can be used for CLI measurement at victim gNBs.
· SSB resources may be useful for coarse tracking of CLI levels 
· NZP CSI-RS resource configurations provided to neighbor gNBs can be used for the purpose of estimating inter-gNB CLI levels.
· NZP CSI-RS resource configurations provided to neighbor gNBs also can be used for the purpose of estimating inter-gNB channel which helps Tx / Rx gNBs perform beamforming to reduce inter-gNB CLI.
Agreement
The following conclusion is to be captured in the TR
From the study of the benefit of knowledge among gNBs of semi-static SBFD time and frequency configuration, followings are observed:
· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
Note: As of RAN1#113, there are no evaluation results to verify the magnitude of the benefit
Agreement
The following conclusion is to be captured in the TR
From the study of UL resource muting for gNB-to-gNB co-channel CLI measurement, channel measurement, the followings are observed:
· The UL resource muting can be used to measure the gNB-to-gNB CLI levels with less interference from UL. 
· The UL resource muting can be used to measure the gNB-to-gNB channel with less interference from UL.
· The UL resource muting can be used to measure the gNB-to-gNB CLI interference covariance matrix with less interference from UL.
Note: Above can be done using current specification which supports transparent UL resource muting with gNB scheduling
Note: UL resource muting could incur UL performance loss



RAN1#112
	Agreement
For the study of gNB-to-gNB co-channel interference measurement, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement.
Agreement
Study the benefit of knowledge among gNBs of configurations such as
· SBFD time/frequency configuration
Agreement
For spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs.
Agreement
For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI are to be further studied as baseline metrics.
Agreement
For the study of L1/L2 based UE-to-UE co-channel CLI measurement, measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 can be considered. Enhancement of measurement resource can be studied.  
Agreement
For L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, study the following measurement and report framework.
· Use existing CSI framework as the baseline.
· Others are not precluded.
Agreement
For spatial domain enhancement of gNB-to-gNB CLI handling, study the benefit and the procedure of the information exchange of at least the preferred/non-preferred DL beams of the aggressor gNBs, based on the beam information exchanged between gNBs



RAN1#111
	Agreement
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study.
· FFS: Whether SSB is CD-SSB or NCD-SSB
In the study RAN1 assumes that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 
Agreement
For the purpose of UE-to-UE CLI mitigation, consider the following potential enhancements:
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic or event triggered reporting.
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
Companies are encouraged to bring additional details and evaluation results to determine the benefit of the above potential enhancements.  
Agreement
For spatial domain coordination, the exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) can be an enabler for inter-gNB co-channel CLI management.
· For example 1 (from aggressor gNB to victim gNB), DL beam indication from aggressor gNB(s)
· For example 2 (from victim gNB to aggressor gNB), preferred/restricted DL beam and associated resource configuration, beam based inter-gNB co-channel CLI measurement result from victim gNB
· FFS: how to define DL beam indication
· FFS: how to define DL beam
Note: The above examples are only provided as starting point for further discussions
Agreement
For gNB-to-gNB co-channel CLI handling, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered for study.
Agreement
For UE-to-UE co-channel CLI handling, study whether/how to enhance UL power control mechanism.
· Existing UL power control mechanism is baseline



RAN1#110-bis-e
	Conclusion
No further discussion for potential enhancement to Rel-16 RIM for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.
Conclusion
No further discussion for sensing based mechanism for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.
Conclusion
No further discussion for sensing based mechanism (i.e. LBT) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.
Agreement
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting based gNB-gNB CLI handling schemes including both UE transparent and non-UE transparent schemes is applied or not.
Agreement
For gNB-to-gNB co-channel CLI measurement, consider as baseline reusing existing DL channel(s)/signal(s)/ measurement_resource(s)
· For example, SSB, NZP/ZP-CSI-RS, DMRS for PDCCH/PDSCH, CSI-IM, RSSI measurement resource, etc.
· FFS: Which type of DL channel(s)/signal(s) can be used for gNB-to-gNB co-channel CLI measurement
· FFS: How resources are used/configured
Agreement
For UE-to-UE co-channel CLI measurement, consider as baseline reusing existing channel(s)/signal(s)/measurement_resource(s)
· For example, SRS resources defined in Rel-16 for SRS-RSRP measurement, CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement
· FFS required potential enhancements
Agreement
For UE-to-UE co-channel CLI handling, study L1/L2 based UE-to-UE CLI measurement and reporting
· Note: Accounting for UE processing/reporting delay – companies to share their assumptions
· Note: Proponents are encouraged to provide the mechanism of L1/L2 based CLI measurement and reporting, and to provide the benefits of L1/L2 based CLI measurement and reporting compared with existing L3 CLI/CSI measurement and report with evaluation result
· Note: Accounting for information exchange delay between gNBs (if applicable)
Agreement
For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beams between gNBs
· Beam nulling between gNBs
· Beam pairing between gNBs
· Other schemes are not precluded. 
Conclusion 
Under AI 9.3.3, no further discussion on UE side advanced receiver for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD 



RAN1#110
	Agreement:
· Study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD specific and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement
Agreement:
· Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for dynamic/flexible TDD specific and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB
Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details of coordinated scheduling for time/frequency resources 
· Relevant information exchange
Agreement
Study the feasibility and potential benefits of spatial domain coordination method for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details for spatial domain coordination 
· Relevant information exchange
Note1: Study can include method for FR1 and FR2
Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of coordinated scheduling for time/frequency resources
· Relevant information exchange (if needed)
Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic /flexible TDD, at least includes:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note1: Study can include method for FR1 and FR2



RAN1#109e
	Agreement
-	For discussion in AI 9.3.3, consider the deployment scenarios for dynamic/flexible TDD which are agreed for evaluation purpose under AI 9.3.1 in RAN1#109-e.
-	Under AI 9.3.3., no more discussion about the deployment scenario for potential enhancement on dynamic/flexible TDD 
Agreement
At least, following interference scenarios can be considered for study of dynamic/flexible TDD:
-	gNB-to-gNB inter-cell co-channel interference
-	UE-to-UE inter-cell co-channel interference
Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
-	gNB-to-gNB CLI measurement and reporting
-	Coordinated scheduling 
-	Spatial domain enhancements
-	Advanced receiver 
-	UE and gNB transmission and reception timing 
-	Power control based solution
-	Potential enhancements to Rel-16 RIM
-	Sensing based mechanism
-	Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
-	Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
-	Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
-	Note: Potential enhancements specific for SBFD will be discussed in 9.3.2
Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
-	Potential enhancements to UE-to-UE CLI measurement/reporting
-	Coordinated scheduling
-	Spatial domain enhancements, 
-	Advanced Receiver 
-	UE and gNB transmission and reception timing 
-	Power control based solution
-	Sensing based mechanism
-	Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
-	Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
-	Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
-	Note: Potential enhancement specific for SBFD will be discussed in 9.3.2
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