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Introduction
In this contribution, we discuss the possible solutions related to potential enhancements on dynamic/flexible TDD. 
Inter-gNB CLI handling
	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 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.


For mobility measurement, the neighbor cell SSB information is shared among different cells. The reference signal for mobility measurement is either CSI-RS or SSB, and there is no further distinguishing between CD-SSB and NCD-SSB. Similarly, for inter-gNB CLI measurement both CD-SSB and NCD-SSB can be utilized. Once a gNB needs to measure multiple SSBs from different cells, the SSB collision issue together with Tx-Rx timing issue should be considered and further investigated.
Proposal 1: Both CD-SSB and NCD-SSB can be used for inter-gNB CLI measurement. 
Since the geographic locations of gNBs are probably stable, the directions of interference from aggressor gNB may not frequently vary. For the victim gNB, once identifying the preferred/non-preferred directions towards a specific gNB, this kind of information could be effective for a long period. Thus, aperiodic or on-demand gNB CLI measurement is sufficient. Besides, periodic/semi-persistent gNB CLI management could lead higher resource consumption and computation complexity. 
Proposal 2: Aperiodic or on-demand gNB CLI measurement/report could be further investigated for inter-gNB CLI handling.

	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.



To alleviate inter-gNB CLI issue, muting scheme is an effective scheme which has already been executed for PRS transmission. Similarly, for handling inter-gNB CLI issue, muting scheme can also be applied for downlink/uplink transmission. Specifically, pseudo-sequence based muting scheme may be favorable. Pseudo-sequence based interference management has already been adopted for the topic of MIMO SRS interference randomization in Rel-18. Besides, the transmissions that can be applied muting operation can be further discussed.
Proposal 3: Support to use pseudo-sequence based muting scheme for inter-gNB CLI handling

	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
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


Basically, we are fine to allow beam coordination among gNBs, e.g., preferred/non-preferred beams. Similar coordination procedure can be found in the topic of inter-UE coordination of Rel-17 sidelink, where other UEs can recommend prefer/non-prefer resources to a UE. The usage of preferred/non-preferred beams can be left for network implementation. 
Proposal 4: Information concerning preferred/non-preferred beams can be shared among gNBs.

Inter-UE CLI handling
	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 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
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.


For UE-UE CLI measurement, we have already SRS resource and RSSI resource for CLI measurement introduced in Rel-16 and only high layer CLI measurement/report is supported. Though it was agreed to study L1/L2 UE-to-UE CLI measurement/reporting in last meeting, the potential benefit is still questionable. Timing misalignment shown in Figure 1 is a big issue for UE-UE measurement which makes the results in doubt. As shown in Figure 1, UE2 transmits signal for CLI measurement while UE1 receives the downlink signal from gNB1. The uplink transmission of UE2 will interfere with the downlink reception of UE1 when different slot configurations are configured in the two neighbour cells. Assuming that the downlink transmission of gNB1 and the uplink reception of gNB2 are aligned at T0, and T-1 represent the UL timing at UE2. UE1 receives the downlink signal transmitted by gNB1 at T1, while SRS reception timing at UE1 earlier than T1. When UE1 and UE2 are far away from gNB and close to each other, it cannot be guaranteed that the SRS fall within the window that the UE1 normally receives downlink signals, and UE-to-UE CLI measurement cannot be performed accurately. Moreover, when the time offset between the reception of the reference signal and the normal downlink reception beyond the range of the cyclic prefix, UE1 cannot properly estimate the interference caused by UE2's uplink transmission. In this case, the dynamic measurement result is meaningless. Besides, CLI resources are not associated with beam information. To better evaluate directional interference especially in FR2, beam specific CLI resource could be considered. Also, to enable spatial domain coordination, beam information sharing is essential. 
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Figure 1 Unaligned timing between DL and SRS reception
Observation 1: The UE-to-UE CLI measurement cannot be performed accurately because of the timing issue of measurement RS.
Proposal 5: Beam specific CLI resource could be considered for handling UE-UE CLI.


Conclusion
In this contribution, we discussed the CLI in scenarios for dynamic/flexible TDD enhancement in macro & indoor scenarios and possible CLI handling solutions. The observations and proposals are given below:
Observation 1: The UE-to-UE CLI measurement cannot be performed accurately because of the timing issue of measurement RS.
Proposal 1：Both CD-SSB and NCD-SSB can be used for inter-gNB CLI measurement. 
Proposal 2：Aperiodic or on-demand gNB CLI measurement/report could be further investigated for inter-gNB CLI handling.
Proposal 3：Support to use pseudo-sequence based muting scheme for inter-gNB CLI handling.
Proposal 4: Information concerning preferred/non-preferred beams can be shared among gNBs.
Proposal 5: Beam specific CLI resource could be considered for handling UE-UE CLI.
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