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Introduction
In RAN#102, a new work item was endorsed in RP- 234035, to specify Evolution of NR duplex operation: Sub-band full duplex (SBFD) in Rel-19, where one of the objectives is related CLI handling as follows: 
	· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 



In this contribution, we share our views on CLI handling aspects.   

UE-to-UE CLI management
In RAN1#116, for UE-to-UE CLI handling, it was agreed that [1]:

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
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.
 
L1/L2 based UE-to-UE CLI measurement and reporting 
In Rel-16, UE-to-UE cross link interference (CLI) framework is specified based on periodic CLI measurement and a L3 filtering/reporting. L3 filtering has by nature some latency on the CLI report availability to the gNB. As a result, a quick CLI report which better reflects current CLI profile is not achievable by R16 procedure. L1/L2 CLI reporting is potentially faster than L3 filtering/reporting and may be more useful when a quick scheduling coordination between aggressor and victim UEs is needed. In RAN1#110b-e it was agreed that 

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)

Later in RAN1#116b, it was agreed that:
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.



Here we discuss our views on potential solutions for L1/L2 based CLI measurement and report resource indication. In our view, UE can be RRC configured with M CLI measurement resources per active BWP within the SBFD symbol, where CLI resource configuration consists of time/frequency/space configuration, time domain behavior (P/SP/AP), etc. The procedure can be similar to CSI Resource Setting in IE CSI-ResourceConfig. Once the CLI measurement resources are configured (individually and/or as part of CLI measurement resource set configuration), for semi-persistent and/or aperiodic CLI measurement resources, UE can be indicated which measurement resources (or resource sets) are triggered/activated through DCI or MAC-CE. Based on this discussion, we have the following the proposals:

Proposal 1: UE is RRC configured with M (M is subject to UE capability) CLI resources per active BWP within the SBFD symbol, where time domain CLI measurement resource configuration shall indicate at which slots and which symbols within that slot, CLI measurement is expected.

Proposal 2: UE is indicated about which CLI measurement resource(s) or resource set(s) are activated/triggered as follows:
· through DL MAC-CE for semi-persistent CLI resources
· through UE specific DCI or GC-DCI for aperiodic CLI resource(s)

For L1/L2 based CLI report indication, a CLI report occasion may cover more than one CLI measurement occasions. For aperiodic report indication, the procedure can be through DL or UL DCI. If UL DCI is adopted, AP-CSI can be a baseline where CSI request bitfield can be repurposed. If DL DCI is used, the AP-CLI report can be sent on PUCCH carrying HARQ-ACK, as shown in Fig. 1, or a separate PUCCH resource can be indicated to solely transmit AP-CLI. Based on this discussion, we have the following proposals:
 
Proposal 3: If UE is aperiodically indicated to report CLI, each CLI report occasion may cover O CLI measurement occasions, where O>=1 and is subject to UE capability

Proposal 4: AP-CLI reporting can be indicated through DL-DCI scheduling PDSCH, where CLI report and HARQ-ACK for PDSCH are sent over the same PUCCH resource indicated by DL DCI
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Figure 1: AP-CLI measurement and report triggered by DL DCI
Indication to victim UE on resources impacted by CLI
Although it is expected that scheduler maintains enough separability between victim and aggressor UEs (e.g., in frequency and/or spatial domain), there could be scenarios where UE-to-UE CLI is still inevitable. For example, imagine the case that UL transmission on aggressor UEA carries URLLC and thus cannot be cancelled. In this scenario, gNB should be able to indicate to the victim UEV, which is receiving in DL, about the probable existence of CLI from aggressor UE(s) on resources that overlap in time between UEV and UEVA ‘s allocations. Although this problem is not exactly same as DL preemption indication, which was specified in Rel-15 for URLLC, but there are strong similarities between the two cases. In both cases, we have a UE in DL which its data reception has been impacted by another UE (a URLLC UE in DL in Rel-15 and a URLLC UE in UL in future releases). Given that no additional signaling to legacy UE is promoted, we propose the interrupted transmission indication as specified in Rel-15 to be repurposed to indicate resources impacted by CLI. Of course, the reason of preemption indication is transparent to victim UE, i.e. it does not matter to UEV whether there exists a URLLC UE in UL or DL transmission.
Proposal 5: DL CLI indication, e.g., based on DL-PI, indicates which symbols were impacted by cross-link interference from aggressor UE(s). 

Timing advance techniques 
An aspect related to coordinated CLI measurement is about potential misalignment of CLI from aggressor UEA and desired signal from gNB received at the victim UEV. Such misalignment at the victim UEV’s reception window, can result inter-carrier interference (ICI), and/or inaccurate CLI measurement. One solution to have both desired and interfering signals to be received at the victim UE within CP, is the aggressor UEA to keep to TAs, one for legacy non-SBFD symbols where UL transmissions from different UEs is supposed to be received at gNB’s CP, and another TA in SBFD symbols, where  UL transmissions from aggressor UEA targets to be received at victim UEV’s CP, as shown in Fig. 2. 

Proposal 6: To assure symbol level alignment at victim UEV, aggressor UEA is indicated to hold two different TAs:
· one TA for symbols on which TRP is doing legacy TDD, another TA for symbols on which TRP is doing SBFD or dynamic TDD. 
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Figure 2: Different TAs for UL transmissions in SBFD and non-SBFD ssymbols

Conclusion
In this contribution, we shared our views on CLI handling. Based on what we discussed, the following proposals are made:
Proposal 1: UE is RRC configured with M (M is subject to UE capability) CLI resources per active BWP within the SBFD symbol, where time domain CLI measurement resource configuration shall indicate at which slots and which symbols within that slot, CLI measurement is expected.

Proposal 2: UE is indicated about which CLI measurement resource(s) or resource set(s) are activated/triggered as follows:
· through DL MAC-CE for semi-persistent CLI resources
· through UE specific DCI or GC-DCI for aperiodic CLI resource(s)

Proposal 3: If UE is aperiodically indicated to report CLI, each CLI report occasion may cover O CLI measurement occasions, where O>=1 and is subject to UE capability

Proposal 4: AP-CLI reporting can be indicated through DL-DCI scheduling PDSCH, where CLI report and HARQ-ACK for PDSCH are sent over the same PUCCH resource indicated by DL DCI

Proposal 5: DL CLI indication, e.g., based on DL-PI, indicates which symbols were impacted by cross-link interference from aggressor UE(s). 
Proposal 6: To assure symbol level alignment at victim UEV, aggressor UEA is indicated to hold two different TAs:
· one TA for symbols on which TRP is doing legacy TDD, another TA for symbols on which TRP is doing SBFD or dynamic TDD.
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