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1. [bookmark: _Toc120549591]Introduction
In last RAN1 meeting, the following agreements and conclusions were made [1]:
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 potential enhancements
Agreement
[bookmark: _Hlk118291458]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 
In this contribution, the study of inter-UE intra-subband and inter-gNB intra-subband CLI handling on flexible/dynamic TDD will be discussed.
2. Inter-UE CLI handling enhancement
In our contribution [2], two inter-subband CLI measurement methods are proposed, in which the method#2 can be applied for both SBFD and flexible/dynamic TDD, that is victim UE measures inter-UE intra-subband CLI within its UL subband. Compared with Rel-16 CLI, the following two enhancements can be considered for Rel-18 flexible/dynamic TDD:
2.1 Inter-UE CLI measurement and reporting
In last RAN1 meeting, L1/L2 based UE-to-UE CLI measurement and reporting was agreed for further study but the detailed design was not discussed.
In Rel-16 L3 inter-UE CLI handling, both periodic and event-triggered report are supported. Similarly, the following three schemes can be supported for L1/L2 based UE-to-UE CLI measurement and report:
1) periodic:
Victim UE measures the pre-configured CLI measurement resource periodically and reports the measurement results via periodic PUCCH resources. In this scheme, gNB can acquire the measurement results immediately but the measurement resource and report resource overhead are also very huge. 
2) aperiodic or semi-persistent triggered by gNB:
Similar to aperiodic or semi-persistent CSI feedback, gNB can transmit DCI signalling to trigger UE’s inter-UE CLI measurement and report on PUCCH/PUSCH. Compared with periodic scheme, aperiodic/semi-persistent scheme can reduce the measurement and report resource overhead, but this scheme will cause the reduction of latency and efficiency of inter-UE CLI measurement and report. That is because gNB can not know the exact inter-UE CLI situation in real time and the trigger time of inter-UE CLI measurement and report may not match the time that severe inter-UE CLI occurs.  
3) event-triggered by UE:
In this scheme, the measurement report is triggered by UE by defining some events, e.g., the inter-UE CLI is higher than threshold. Due to UE only needs to report the inter-UE CLI measurement results in some occasion, the report resource overhead will be reduced than periodic report. In addition, since UE knows its interference situation, this report scheme is the most efficient way to let gNB acquire the accurate inter-UE CLI measurement results. Different from periodic PUCCH or scheduled PUSCH report resource, how to indicate gNB the demand of inter-UE CLI report and the report resource request can be further studied.
Proposal 1: For L1/L2 based inter-UE CLI measurement and reporting, the following schemes can be further studied:
· Periodic report;
· Aperiodic or semi-persistent report triggered by gNB;
· Event-triggered report by UE.

2.2 Coordinated scheduling
In Rel-16 CLI, only TDD configurations are exchanged between gNBs. In order to better support inter-vendor inter-UE CLI cooperation, the backhaul signaling can be enhanced to exchange other necessary information, e.g., CLI SRS or RSSI resource configurations to assist the network to identify the aggressor UEs and realize the coordinated scheduling in time/frequency domain for victim UE and aggressor UE. Besides, the scheduling information, e.g., resource allocation of PDSCH/PUSCH can also be changed via backhaul signalling to support the inter-vendor inter-UE time/frequency domain coordinated scheduling.
[bookmark: _Hlk118293892]Proposal 2: For coordinated scheduling for inter-UE intra-subband CLI handling, support to enhance the backhaul signaling to exchange necessary information, including:
· Inter-UE CLI measurement resource configuration;
· Scheduling information in frequency/time domain.
3. Inter-gNB CLI handling enhancement
In previous RAN1 meetings, some potential enhancement methods of inter-gNB intra-subband CLI handling were listed. In this section, some preferred enhancement methods from our point of view will be discussed.
3.1 Inter-gNB CLI measurement and reporting:
In our contribution [2], two inter-gNB inter-subband CLI measurement methods are proposed, which the method#2 can be applied to both SBFD and flexible/dynamic TDD, that is victim gNB measures RSRP of aggressor gNB’s RS in its DL subband. 
Some guidance of inter-gNB CLI measurement and reporting study were achieved in last RAN1 meeting and detailed designs are discussed as the following:
1) Measurement resource:
[bookmark: _Hlk118297953]Existing DL channel(s)/signal(s)/measurement resource(s) were agreed for inter-gNB CLI measurement and report, but the selection of measurement resource is for FFS. Generally, there are two types of measurement resource, which the first type is for interference power measurement, e.g., SSB/CSI-RS, and the second type is for interference strength measurement, e.g., RSSI resource.
From our point of view, both two types of measurement resource can be considered. For interference power measurement, beam sweeping SSB or NZP CSI-RS can be considered as the measurement resource, which can assist the inter-gNB coordination in time, frequency and spatial domain. In this sense, unicast PDCCH/PDSCH is not suitable for interference power measurement which is difficult to be used for spatial domain coordination. In addition, considering the DMRS of unicast PDCCH/PDSCH is UE-specific, the information coordination between gNBs are huge, e.g., exchanging the UE-specific DMRS information for each measurement. 
For interference strength measurement, ZP CSI-RS, CSI-IM or RSSI resource can be reused. The measurement complicity is simpler compared with interference power measurement but cannot be measured in per-beam manner. Besides it is more complicated to identify the aggressor gNB in this scheme. 
Proposal 3: For inter-gNB intra-subband CLI measurement and reporting,
· SSB or CSI-RS can be considered as measurement resource for interference power measurement;
· ZP CSI-RS, CSI-IM or RSSI resource can be considered as measurement resource for interference strength measurement.

[bookmark: _Hlk118298724]2) Aggressor gNB identification:
In order to identify the aggressor gNB, some coordination between gNBs are needed, e.g., the configuration of CSI-RS, the RSSI resource configuration, so that victim gNB can identify the strongest aggressor gNB via the RSRP measurement of CSI-RS from different gNBs or the RSSI time domain occasion when strongest interference strength occurs.
Proposal 4: For inter-gNB intra-subband CLI measurement and reporting, backhaul signalling enhancement is needed to exchange related measurement resource configuration information.
3) UL resource muting:
[bookmark: _Hlk110416379]For victim gNB, UE’s resources muting in UL transmission may be needed for more accurate inter-gNB CLI measurement when the UL transmission of target UE is overlapped with the inter-gNB CLI measurement resource. Considering the coexistence with legacy UEs, two methods can be considered, which the first is non-transparent UL resource muting method by indicating UE the UL rate-matching/muting pattern. Another method is transparent UL resource muting method by gNB’s scheduling to avoid such resource, but this method may cause the reduction of available PUSCH resources when DFT-S-OFDM is used since non-continuous resource allocation is not supported in this waveform.
[bookmark: _Hlk118300552][bookmark: _Hlk118300577]Proposal 5: For inter-gNB intra-subband CLI measurement and reporting, both transparent and non-transparent UL resource muting method should be considered, e.g., define UL rate-matching/muting pattern or avoid the scheduling on measurement resource.
3.2 Coordinated scheduling
From operator’s point of view, the mainly interested and realistic scenario for dynamic/flexible TDD deployment is to apply different TDD frame structures for outdoor macro network and indoor hotspot in the same frequency carrier to fit the different UL/DL traffic statistic ratios. In this scenario, it is highly probable that the macro gNBs and indoor gNBs are from different vendors, so specification support may be needed to handle the inter-gNB CLI in this scenario. Thus, some backhaul signalling enhancement should be considered to support inter-vendor cooperation.
Proposal 6: For coordinated scheduling for inter-gNB intra-subband CLI handling, support to enhance the backhaul signaling to exchange necessary information, e.g., scheduling information in time-domain, frequency-domain and power domain.
Regarding the spatial domain coordination, the inter-gNB beam management procedure is needed for recommended/restricted beams or beam pairing between gNBs which can be combined with the inter-gNB CLI measurement and report design, e.g., per beam CLI RS measurement and report.
Proposal 7: For spatial domain coordination for inter-gNB intra-subband CLI handling, the inter-gNB beam management procedure is needed.
[bookmark: _Hlk110417271]3.3 UE and gNB transmission and reception timing
As the illustration of Figure 1, dure to the TA of UE UL transmission, for victim gNB, the timing between the received UL transmission of target UE and the CLI interference from aggressor gNB is not aligned, e.g., , which will complicate the inter-gNB CLI mitigation. Thus, some methods need to be applied to align the timing between the received UL transmission of target UE and the CLI interference from aggressor gNB. For example, set  via information n-TimingAdvanceOffset in SIB1 or define negative . 


Figure 1. Unalignment between UE and gNB transmission and reception timing

Proposal 8: For inter-gNB intra-subband CLI handling, UE and gNB transmission and reception timing alignment can be further studied, e.g., set  via information n-TimingAdvanceOffset or define negative .
4. Conclusions
In this contribution, the study on potential enhancements on flexible/dynamic TDD are discussed and the following proposals are made.
Proposal 1: For L1/L2 based inter-UE CLI measurement and reporting, the following schemes can be further studied:
· Periodic report;
· Aperiodic or semi-persistent report triggered by gNB;
· Event-triggered report by UE.
Proposal 2: For coordinated scheduling for inter-UE intra-subband CLI handling, support to enhance the backhaul signaling to exchange necessary information, including:
· Inter-UE CLI measurement resource configuration;
· Scheduling information in frequency/time domain.
Proposal 3: For inter-gNB intra-subband CLI measurement and reporting,
· SSB or CSI-RS can be considered as measurement resource for interference power measurement;
· ZP CSI-RS, CSI-IM or RSSI resource can be considered as measurement resource for interference strength measurement.
Proposal 4: For inter-gNB intra-subband CLI measurement and reporting, backhaul signalling enhancement is needed to exchange related measurement resource configuration information.
Proposal 5: For inter-gNB intra-subband CLI measurement and reporting, both transparent and non-transparent UL resource muting method should be considered, e.g., define UL rate-matching/muting pattern or avoid the scheduling on measurement resource.
Proposal 6: For coordinated scheduling for inter-gNB intra-subband CLI handling, support to enhance the backhaul signaling to exchange necessary information, e.g., scheduling information in time-domain, frequency-domain and power domain.
Proposal 7: For spatial domain coordination for inter-gNB intra-subband CLI handling, the inter-gNB beam management procedure is needed.
Proposal 8: For inter-gNB intra-subband CLI handling, UE and gNB transmission and reception timing alignment can be further studied, e.g., set  via information n-TimingAdvanceOffset or define negative .
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