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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK12]In RAN1#110bis e-meeting, the following agreements and conclusions were achieved [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
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, we share our views on potential enhancements for dynamic/flexible TDD.
2. Discussion
For dynamic/flexible TDD scheme, gNB can dynamically allocate UL and DL resource in the time-domain to match traffic condition, which can significantly increase resource utilization efficiency and reduce the packet latency. This technology has been widely investigated in LTE and earlier NR version. In NR Rel-14, performance of dynamic TDD with and without interference mitigation scheme has been evaluated. During NR Rel-15, signaling mechanisms to allow dynamic DL/UL assignments has been supported. In NR Rel-16, flexible resource adaptation for unpaired spectrum based on Cross Link Interference (CLI) handling has been studied and evaluated, mechanisms such as cross-link interference measurements and reporting at UE side and exchange of intended DL/UL configuration among gNBs at network side are specified. In the following, we provide our views on potential enhancements for better use of dynamic TDD, taking the previous studies/solutions for handling CLI as a starting point.
2.1. Interference for dynamic TDD
[bookmark: _Hlk54103374]In existing specification, dynamic/flexible TDD has already been supported, i.e., slot format can be dynamically indicated by gNB via SFI. However, this feature may not be well deployed in practice. One of the issues is due to lack of efficient solutions to address inter-gNB (and inter-operator) cross-link interference compared to TDD system with the same UL/DL configuration.
For example, at gNB side, gNB A suffers co/adjacent-channel CLI from gNB B in slot m and from gNB C in slot n, as shown in red dashed line in Figure 1. For different time, the dominant CLI may come from different gNBs. 
Similar condition may also occur at UE side, a UE receiving DL signal may suffer co/adjacent-channel CLI of UEs from surrounding cell with different TDD configuration. It can be observed that, dominant CLI at gNB and UE side may come from surrounding gNB(s) or UE(s) with different TDD configuration and have time-varying characteristic. 
[image: ]  
[bookmark: _Ref101967198]Figure 1 CLI for dynamic TDD configuration 
[bookmark: _Ref110953079]Observation 1: Dominant CLI at gNB and UE side may come from surrounding gNB(s) or UE(s) with different TDD configuration and have time-varying characteristic.
For Rel-18 SubBand Full Duplex (SBFD) operation, CLI also exists including both intra-subband CLI and inter-subband CLI. When the subband granularity covers the full bandwidth, it becomes dynamic TDD. So, dynamic TDD can be viewed as subset of SBFD. From CLI handling perspective, the schemes introduced for dynamic TDD should also be reused for SBFD. In the following sections, we discuss the potential enhancement method of UE-to-UE and gNB-to-gNB CLI handling. 
[bookmark: _Ref111121643]Proposal 1: Considering CLI issues existing in both dynamic TDD and SubBand Full Duplex (SBFD) operation, unified solution for mitigating CLI should be strived for both SBFD and dynamic TDD.   

2.2. UE-to-UE CLI handling
2.2.1 CLI measurement and reporting 
For UE-UE CLI handling, SRS-RSRP and CLI-RSSI measurements and reporting at UE side were specified as main solutions in Rel-16. However, this mechanism may not work well in practice since the exchange of SRS configurations among gNBs is missing in Rel-16. For efficient/accurate UE-to-UE CLI measurement and reporting, gNBs should exchange their cell’s or UE’s SRS configurations over the Xn/F1 interface. In addition, gNBs can also exchange the victim UE’s CLI measurement results and associated CLI-RS resources in case the victim UE suffers stronger CLI so that the surrounding gNB(s) can avoid scheduling the aggressor UE in the CLI slot or scheduling the aggressor UE with low transmission power.
[bookmark: _Ref110953027]Proposal 2: For efficient UE-to-UE CLI measurement and reporting as well as coordinated scheduling, the following enhancements for Rel-16 CLI should be considered.
· gNBs should exchange their cell or UE’s SRS configurations over the Xn/F1 interface.
· gNBs should exchange the victim UE’s CLI measurement results and associated CLI-RS resources in case the victim UE suffers stronger CLI.
In addition, for the CLI measurement based on SRS-RSRP and CLI-RSSI specified in Rel-16, L3 measurement and reporting are applied. However, for dynamic TDD, slot format pattern may be changed per slot. To reduce the reporting latency of CLI measurement to timely update/reflect the interference status, it has been agreed to study L1/L2 based UE-to-UE CLI measurement and reporting. For L1/L2 based UE-to-UE CLI measurement and reporting, periodic, aperiodic L1-based CLI reporting can be considered. The reference resource configuration can re-use the CLI-RS resource configuration in Rel-16, such as SRS configuration, as baseline. The framework for L1-based CLI reporting can re-use the CSI reporting framework as baseline. For example, periodic L1-based CLI can be configured to be carried on PUCCH and aperiodic L1-based CLI can be triggered by UE-specific DCI and carried on PUCCH/PUSCH. With this baseline, it is also easy to configure beam information for CLI measurement resource. For example, for aggressor UE, spatialRelationInfo can be configured per CLI SRS resource. For victim UE, TCI-state can be configured per CLI measurement resource.
[bookmark: _Ref110953031]Proposal 3: For UE-to-UE CLI measurement and reporting, the following enhancements can be considered.
· Support periodic, aperiodic L1-based CLI reporting.
· The CSI reporting framework can be re-used as baseline for L1-based CLI reporting.
· The beam information can be configured per CLI measurement resource.

2.3.2 Transmission and reception timing adjustment at UE side
As Figure 1 shown, UL transmission of UE 1 from cell 2 may bring the stronger interference to DL reception of UE 3 from cell 1 due to the close distance. Accurate channel and interference estimation are beneficial to suppress the interference from aggressor UE.
In Rel-16, for CLI measurement, when a UE measures SRS-RSRP and CLI-RSSI, a constant offset relative to the downlink reference timing in the serving cell shall be applied. The constant offset value is derived by UE implementation. Furthermore, if timing is aligned among UL transmission of aggressor UE and DL reception of victim UE, interference covariance matrix information can be estimated based on CLI RS, like DMRS, at victim UE side to improve DL reception performance. 
However, UL transmission of an aggressor UE is expected to use timing advance (TA) which is targeting its own serving cell. The propagation delay from the aggressor UE to its serving cell may be very different to a victim UE in a neighbouring cell. Hence, the CLI may not be fully included within the receiving window of the victim UE which follows DL timing of the serving cell. Especially, when a victim UE suffer from CLI of multiple aggressor UEs, it is quite difficult for the victim UE to perform timing alignment considering multiple aggressor UE may have independent UL timing advance.

[bookmark: _Ref118380115]Proposal 4: Timing alignment between aggressor UE and victim UE is deprioritized in Rel-18 dynamic/flexible TDD.

2.3. [bookmark: _Hlk111043004]gNB-to-gNB CLI handling
2.3.1 CLI measurement and reporting 
As Rel-16 CLI evaluated, if there is sufficient isolation, critical gNB-to-gNB CLI issue is not observed from operating dynamic TDD between an indoor network and a macro network and vice versa even without CLI mitigation scheme, in which dynamic TDD can be used in indoor cells. In addition, gNB-to-gNB CLI measurement can possibly be performed by network implementation. 
To further mitigate the gNB-to-gNB CLI, some coordination among multiple gNBs can be considered. For example, gNBs can exchange assistance information including measurement resources, measurement reports of RSRP/RSSI/beam, scheduling information and so on. For SBFD CLI mitigation, the assistance information can also include SBFD resource configuration. Specifically, for gNB-to-gNB CLI mitigation, existing RS, such as SSB, CSI-RS/CSI-IM, DMRS can be considered as the measurement resources. Considering that the bandwidth of SSB is limited, and the transmission of DMRS depends on actual DL scheduling, CSI-RS/CSI-IM is preferred to be used as CLI measurement resources. For measurement reports of RSRP/RSSI/beam, the best or worst RSRP/RSSI/beam corresponding to the certain CLI measurement resources can be considered. For scheduling information, it can include time/frequency resources where the victim gNB intended to make UL scheduling. With the assistance information provided by other gNBs, a gNB can carry out coordination for scheduling or resource configuration, thus mitigating the CLI impact.
[bookmark: _Ref111121660]Proposal 5: Assistance information exchanged among multiple gNBs can be considered for gNB-to-gNB CLI handling, including measurement resources, measurement reports of RSRP/RSSI/beam, scheduling information, SBFD resource configuration (for SBFD CLI).

2.3.2 Transmission and reception timing adjustment at gNB side
As discussed in section 2.1, cross link interference from the neighboring gNBs with the opposite transmission direction becomes a main challenge, which may decrease the performance of victim cell even lead to unfeasible network deployment. Interference mitigation mechanism is required in such case to suppress interference and improve the resource utilization efficiency.
In order to suppress the interference at victim gNB, accurate channel estimation for the wanted signal and interference estimation from aggressor gNB are required. If RS for channel estimation from victim gNB and RS for interference estimation from aggressor gNB are aligned, accurate channel and interference estimation can be enabled at victim gNB and MMSE-IRC receiver can be adopted to suppress the CLI from aggressor gNB. CLI can be effectively suppressed by employing interference covariance matrix information, which would bring the significant performance improvement, such as the previous investigation [2]. 

At present, UL transmission timing of a UE is adjusted based on TA to ensure the UL signal from the UE arrives at the time aligned with DL timing of serving gNB. For dynamic/flexible TDD configuration as described in Figure 3, slot n and slot n+1 may suffer CLI from DL signal of neighboring gNB. For victim gNB, RS for channel estimation may be interfered by DL transmission of aggressor gNB, which incur the inaccurate channel estimation. Victim gNB cannot identify the dominant interference from aggressor gNBs and would deem all interference as the ‘other cell’ interference. Therefore, the performance loss would be observed.



[bookmark: _Ref110863420]Figure 3 aggressor gNB DL transmission leads to interference for UL reception of victim gNB

A candidate enhancement is depicted in Figure 4, victim gNB can adjust transmission timing of the serving UEs to align with arrival timing of DL transmission from aggressor gNB, e.g., an timing offset for the UL transmissions of the UEs in victim gNB can be adopted. In this case, victim gNB can accurately estimate interference covariance matrix information from aggressor gNB to suppress CLI. For example, victim gNB can mute some REs on PUSCH to measure the interference channel from aggressor gNB. Especially, if aggressor gNB transmits a specific RS on these REs, e.g., CSI-RS or DMRS, the measurement on interference covariance matrix information can base on these RSs and the higher channel estimation performance can be achieved as shown in Figure 4. On the other hand, aggressor gNB can mute some DL resources corresponding to DMRS RE position of PUSCH scheduled by victim gNB to improve UL channel estimation accuracy of victim gNB.



[bookmark: _Ref110863458]Figure 4 UL reception timing of victim gNB aligned with DL transmission timing of aggressor gNB
Victim gNB's UL reception timing can be adjusted to align with the arrival timing for DL signal from dominant aggressor gNB, for example, a negative TA can be configured for UEs served by victim gNB. The timing adjustment is slot specific, which is only applied for slot with CLI. For slot without CLI, normal TA is used.
[image: ]
[bookmark: _Ref110864778]Figure 5 DL slot of aggressor gNB is aligned with UL slot of victim gNB


For transmission and reception timing adjustment, some information exchange among gNBs should be defined. For example, to obtain the better channel estimation performance, victim gNB needs to know the RS configuration from aggressor gNB to measure interference signal. Meanwhile, aggressor gNB needs to have the knowledge on UL DMRS configuration of victim gNB to avoid the stronger interference on UL DMRS RE. RS configuration information exchange may be required among gNBs for gNB-gNB CLI measurement and mitigation, e.g., CSI-RS or DMRS configuration, etc.. 
[bookmark: _Ref110953032]Proposal 6: Transmission and reception timing adjustment can be supported in Rel-18 dynamic/flexible TDD can to accurately estimate interference channel and effectively suppress CLI from aggressor gNB. 
[bookmark: _Ref110953034][bookmark: _Ref115193673]Proposal 7: For transmission and reception timing adjustment, victim gNB should adjust transmission timing of the served UEs to align with DL transmission signal arrival of aggressor gNB. A negative TA can be configured for UEs served by victim gNB. The timing adjustment is slot specific.
[bookmark: _Ref110953035][bookmark: _Ref115193676]Proposal 8: For transmission and reception timing adjustment at gNB side, RS configuration etc. information exchange among gNBs may be required.

2.4. [bookmark: _Hlk111205818]Potential enhancement for UL power control 
[bookmark: _Hlk111206087]To counter gNB-to-gNB or UE-to-UE CLI, power control-based solution can be considered.
As shown in Figure 1, in slot m UL reception of gNB A will suffer from the interference from DL transmission of gNB B. To mitigate the impact of CLI and guarantee UL reception performance of gNB A, one direction is to enhance the UL power control. For example, boosting power for UL transmission of UE1 and UE2 can be considered when gNB A is suffering strong CLI in UL reception. This can be realized in a similar way as that specified in Rel-16 URLLC WI for services with different priorities. That is, different power control parameters e.g. P0 and different power loops can be used depending on the flexible TDD resource allocation or the existence/strength of the CLI. However, there is no solution available for CG-PUSCH power boosting in Rel-16, which may be studied further in Rel-18. Slot-specific, i.e., slot with/without CLI, power control parameter can be considered for CG-PUSCH power boosting in Rel-18.
[bookmark: _GoBack]For SBFD, UL reception in victim gNB A will suffer from the inter-subband CLI interference from DL transmission of gNB B and self-interference from DL of gNB A. Currently, UL power control for UE does not take into account the self-interference nor inter-subband CLI interference. Enhanced UL power control to mitigate the impact of CLI can be considered. For SBFD UL transmission, the power control parameters or TPC commands can be indicated by DCI or determined depending on the SBFD resource allocation or the existence/strength of the CLI.
Furthermore, the above enhanced UL power control can also be used to decrease UE-to-UE CLI. Taking Figure 1 as an example, UE 3 of cell 1 suffers the CLI of UE 1 from cell 2. In this case, gNB A can reduce UL transmitting power of UE1 to alleviate the interference to UE 3 of adjacent cell. As mentioned above, gNB B can inform its serving UE being interfered by UE from gNB A. Therefore, coordination on CLI measurement and reporting among gNBs may be needed in this case.
[bookmark: _Ref111189380][bookmark: _Ref111121677]Proposal 9: For dynamic TDD/SBFD CLI handling, enhanced UL power control can be considered, e.g., different power control parameters can be used depending on resource allocation or the existence/strength of the CLI.

3. Conclusion
In this contribution, we make discussions on potential enhancement on dynamic/flexible TDD and have the following proposals. 
Observation 1: Dominant CLI at gNB and UE side may come from surrounding gNB(s) or UE(s) with different TDD configuration and have time-varying characteristic.
Proposal 1: Considering CLI issues existing in both dynamic TDD and SubBand Full Duplex (SBFD) operation, unified solution for mitigating CLI should be strived for both SBFD and dynamic TDD. 
Proposal 2: For efficient UE-to-UE CLI measurement and reporting as well as coordinated scheduling, the following enhancements for Rel-16 CLI should be considered.
· gNBs should exchange their cell or UE’s SRS configurations over the Xn/F1 interface.
· gNBs should exchange the victim UE’s CLI measurement results and associated CLI-RS resources in case the victim UE suffers stronger CLI.
Proposal 3: For UE-to-UE CLI measurement and reporting, the following enhancements can be considered.
· Support periodic, aperiodic L1-based CLI reporting.
· The CSI reporting framework can be re-used as baseline for L1-based CLI reporting.
· The beam information can be configured per CLI measurement resource.
Proposal 4: Timing alignment between aggressor UE and victim UE is deprioritized in Rel-18 dynamic/flexible TDD.
Proposal 5: Assistance information exchanged among multiple gNBs can be considered for gNB-to-gNB CLI handling, including measurement resources, measurement reports of RSRP/RSSI/beam, scheduling information, SBFD resource configuration (for SBFD CLI).
Proposal 6: Transmission and reception timing adjustment can be supported in Rel-18 dynamic/flexible TDD can to accurately estimate interference channel and effectively suppress CLI from aggressor gNB.
Proposal 7: For transmission and reception timing adjustment, victim gNB should adjust transmission timing of the served UEs to align with DL transmission signal arrival of aggressor gNB. A negative TA can be configured for UEs served by victim gNB. The timing adjustment is slot specific.
Proposal 8: For transmission and reception timing adjustment at gNB side, RS configuration etc. information exchange among gNBs may be required.
Proposal 9: For dynamic TDD/SBFD CLI handling, enhanced UL power control can be considered, e.g., different power control parameters can be used depending on resource allocation or the existence/strength of the CLI.
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