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1. [bookmark: _Ref521334010]Introduction
During RAN1#112bis e-meeting, potential CLI handling schemes specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD were extensively discussed and some consensuses were reached on this topic [1]. However, there are still details and options for further study and down-selection. 
Based on the achieved agreements, we further provide our views on CLI handling schemes in this contribution.
2. Discussion
1 
2 
1. 
2. 
2.1. gNB-to-gNB CLI
gNB-to-gNB CLI measurement
Beam level CLI measurement
To enable beam management in current specification, UE is configured with multiple NZP-CSI-RS-ResourceSet or CSI-SSB-ResourceSet. Each resource set includes one or several CSI-RS(s) or SSB(s), where each SSB or CSI-RS associates with a specific beam. The gNB transmits a set of SSBs or CSI-RSs on a set of beams, i.e. beam sweeping. UE performs measurement on the set of SSBs or CSI-RSs and reports layer-1 RSRP of the multiple SSBs or CSI-RSs.
To enable gNB-gNB beam level CLI measurement, measurement configuration of the SSB set or CSI-RS set (each SSB or CSI-RS in the set is associated with a specific beam) should be exchanged among neighboring gNBs. Also, beam level measurement results and corresponding measurement resources should be exchanged among gNBs to achieve beam/spatial based CLI management.
Proposal 1: Neighboring gNBs should exchange measurement configuration information of SSB set and/or CSI-RS set (each SSB or CSI-RS in the set is associated with a specific beam) to enable beam level CLI measurement.
Proposal 2: Beam level measurement results and corresponding measurement resources should be exchanged among gNBs to achieve beam/spatial based CLI management.

UL resource muting
The following agreement has been reached in RAN1#112-bis:
	Agreement
For enhancement of gNB-to-gNB co-channel CLI measurement and/or channel measurement, following options are studied for UL resource muting. 
· Option 1: Transparent UL resource muting method (e.g., avoid the scheduling on measurement resource)
· Option 2: Non-transparent UL resource muting method (e.g., define UL resource muting pattern with one or more RE/RB muting patterns)



To ensure measurement accuracy, UL transmission muting on gNB-to-gNB CLI measurement resource can be considered. In RAN1#112bis e-meeting, transparent and non-transparent UL resource muting were agreed for further study. Besides, at least periodic NZP CSI-RS/SSB was agreed as the baseline in RAN1 gNB-to-gNB co-channel CLI measurement study in RAN1#111 meeting. Base on the agreements, further analysis is given for transparent and non-transparent UL resource muting. 
· Transparent: gNB shall not schedule uplink transmission on resource which overlaps with CLI measurement resource which is transparent to UE. It applies to the CLI measurement resource with large granularity, e.g. SSB and Rel-16 CLI-RSSI like resource. This option will not introduce specification impact and can be left to gNB implementation. However, the avoidance purely by scheduling cannot be guaranteed in all deployment scenarios, especially for scenarios with heavy traffic load.
· Non-transparent: gNB-to-gNB CLI measurement resource should be informed to UE and then UE does UL rate matching while performing uplink resource mapping. This option can utilize the resource among which only few REs/RBs are used for CLI measurement. Considering only one RE occupied in every one or two resource block for one CSI-RS, non-transparent method is preferred for CSI-RS based CLI measurement. 
Proposal 3: To ensure gNB-to-gNB CLI measurement accuracy, non-transparent (UL rate matching based) UL muting solution can be considered.
Coordinated scheduling for time/frequency resources
It is expected that gNB can exchange scheduling information for time/frequency domains to mitigate inter-gNB CLI. For example, a cell can signal to neighbor cells the restricted UL resource on which DL transmission is not allowed, or signal the blanking information of pre-defined DL resource so other cells can utilize the resource for UL transmission.
To enable coordinated scheduling for time/ frequency resource, measurement and information exchange are the prerequisite. As CLI measurement is addressed separately in the above section, information exchange should be studied for this CLI management scheme. Exchange parameter includes at least SBFD configuration for SBFD system and SBFD co-existing with legacy TDD. In addition, as discussed previously, DL/UL resource blanking/restriction related information should also be exchanged.
Proposal 4: For details of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· DL resource blanking including time/frequency resource at aggressor gNB
· UL resource restriction including time/frequency resources among gNBs
· Coordination of  SBFD configuration
Power control based solution
Downlink power control based scheme
The following agreement has been reached in RAN1#112-bis:
	Agreement
Study the effect on DL performance and the UL performance of DL Tx power adjustment to evaluate the feasibility of such scheme to overcome the gNB-to-gNB co-channel CLI.



[bookmark: _GoBack]Even though DL transmission power reduction of aggressor gNB can reduce gNB-to-gNB CLI, reduced cell coverage and degraded SINRof UEs in aggressor gNB introduced by DL power reduction should be taken into account.
Proposal 5: Reduced cell coverage and degraded SINR should be taken into account while considering gNB-to-gNB CLI handling via downlink power control based scheme.

Uplink power control based scheme
The following agreement has been reached in RAN1#112-bis for uplink power control:
	Agreement
Study the effect on DL/UL performance and specification impact of applying separate open-loop/closed-loop power control parameters with co-channel CLI and without co-channel CLI for the uplink power control of a UE 



Increasing uplink transmission power can be a potential solution to alleviate gNB-to-gNB CLI effect. However, the increased UE-to-UE CLI generated via increased Tx power should be taken into account. As shown in [2], significant DL UPT degradation was observed especially for the high traffic load scenario.
The agreement achieved in last meeting targets the slots/symbols with co-channel CLI and without co-channel CLI. Before applying separate open-loop/closed-loop power control parameters, identification of slots/symbols with co-channel CLI or without co-channel CLI is prerequisite. However, co-channel CLI (which should be co-channel intra-subband CLI in AI 9.3.3 agenda as concluded in RAN1#109) is introduced by aggressor gNB’s dynamic DL scheduling for dynamic TDD operation and dynamic SBFD operation. Therefore, it is hard for gNB (without ideal backhaul)/UE to determine timely whether co-channel CLI exists or not and then apply corresponding open-loop/closed-loop power control parameters. 
Proposal 6: Increased UE-to-UE CLI and feasibility should be taken into account while considering gNB-to-gNB CLI handling via uplink power control based scheme.
Timing alignment between UL and DL reception at victim gNB
The following agreement has been reached in RAN1#112-bis:
	Agreement
For gNB-gNB co-channel CLI measurement and channel measurement, study the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB.
· Including potential impact on UL performance



For gNB-to-gNB co-channel CLI measurement, there are two objectives. One is identification of CLI strength, and the other is estimation of interference channel induced by CLI which is then used to decode the useful UL signal by victim gNB.
If the CLI measurement is used for identification of CLI strength, the impact on system performance because of CLI measurement inaccuracy shall depend on the strategy of applying CLI measurement results. So it is hard to conclude the impact on system performance because of CLI measurement inaccuracy without detailed application strategy. 
If the CLI measurement is used for interference channel estimation, accurate CLI measurement will indeed improve UL demodulation performance via advanced receiver. However, how to align UL timing with more than one DL receptions from different aggressive gNBs is an essential issue. If only performing alignment UL timing with the strongest CLI, interference channel estimation accuracy shall be affected by the weaker CLI(s). 
Observation 1: it is hard to conclude the impact on system performance because of CLI measurement inaccuracy without detailed assumptions.
2.2. UE-to-UE CLI
UE-to-UE CLI measurement and report
Beam based CLI measurement and reporting
The existing CLI measurement and reporting cannot differentiate CLI strength of different beam directions. The Rx beam used for measuring CLI follows one of the latest received PDSCH and the latest monitored CORESET as defined in the existing specification.
To perform UE-to-UE CLI mitigation in spatial domain, beam based CLI measurement and report is needed. With respect to perform UE-to-UE CLI mitigation in spatial domain, the first candidate solution is scheduling victim UE with Rx beam which suffers the least CLI, and the second candidate solution is scheduling aggressor UE with Tx beam which generates least CLI (to victim UE) or avoiding scheduling aggressor UE with Tx beam which generates largest CLI. 
For the first alternative, CLI measurement result per Rx beam should be measured and reported to servicing gNB from victim UE. Victim UE adopts different Rx beams to perform CLI measurement on a set of measurement resources, which is different from existing specified UE implementation. Then the servicing gNB can configure proper Rx beam for the victim UE based on the reported CLI measurement results. And the servicing gNB also transmits DL signal to the victim UE using paired DL beam with the victim UE’s proper Rx beam. This solution achieves CLI mitigation without relying on information exchange with neighbor gNB.  
For the second alternative, CLI measurement results should be exchanged among neighbor gNBs. With exchanged measurement information, the neighbor gNB can identify the aggressor UE and schedule the aggressor UE with Tx beam which generates least CLI or avoids scheduling aggressor UE with Tx beam with largest CLI. However, as specified in Rel-16, reporting up to 8 most interfering CLI-RSSI/ SRS-RSRP resources and corresponding results is supported. Therefore, the exchanged information overhead could be significant for this case. 
Observation 2: Two candidate solutions can be used for beam based measurement. The first one is scheduling victim UE with Rx beam which suffers the least CLI, and the second candidate solution is scheduling aggressor UE with Tx beam which generates least CLI (to victim UE) or avoiding scheduling aggressor UE with Tx beam which generates largest CLI. The information exchange overhead could be significant for the second alternative solution.
Proposal 7: Study beam based UE-to-UE CLI measurement and reporting, and prioritize solutions with practical information exchange between gNBs.

L1/L2 CLI measurement and reporting granularity 
The following agreement has been reached in RAN1#112:
	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.  


To address the issue of non-uniform CLI strength on wider bandwidth (e.g BWP or SBFD DL subband range), finer granularity (i.e. subband) based CLI measurement and reporting was proposed in previous meeting. There are two alternative schemes to achieve CLI measurement and reporting with finer granularity, i.e. configuration based solution (i.e. configuring Rel-16 CLI measurement resource with finer granularity) and subband based solution. Analysis is given on the two solutions in the following.
· Configuration based solution: As agreed in the last meeting, 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. Rel-16 CLI-RSSI measurement resource is defined via starting time/frequency position and length of symbol/RB. Thus CLI measurement and reporting with finer granularity can be achieved via Rel-16 CLI measurement resource configuration. However, finer granularity configuration for CLI measurement resource means smaller measurement range if maximum number of CLI measurement resource configurations is not changed. Thus the configuration based solution achieves CLI measurement and reporting with finer granularity at the cost of reduced measurement range. If same measurement range is kept, more measurement resource configurations and reports are needed, which increases the signaling overhead and implementation complexity.
Observation 3: The existing Rel-16 CLI-RSSI measurement resource can be configured with finer granularity at the cost of reduced measurement range or increased signaling overhead and implementation complexity.
· Subband based solution: For the solution, UE can be configured to perform measurement and reporting on portion or all of the subbands on a configured wide measurement resource. With respect to this solution, following impacts should be taken into account.
· Increased UE implementation complexity: UE should perform L1 CLI measurement and report on portion or all of the subbands on the wide measurement resource configured by gNB, which will increase UE implementation complexity. 
· Increased L1-CLI report overhead: L1-CLI report on part or all of the subbands will increase report overhead compared to one report for one measurement resource (wideband report).  
· Significant specification impact: Details regarding subband division, subband reporting method (e.g differential report or absolute measurement value report) need to be discussed and specified. 
Observation 4: Subband L1-CLI measurement and report will increase UE implementation complexity and L1 report overhead, and introduce significant specification impact.
Based on the discussion above, wideband measurement and report can be considered as the baseline of L1-CLI measurement and report, while subband measurement and report can be considered as optional UE capability.
Proposal 8: Wideband measurement and report can be considered as the baseline of L1-CLI measurement and report, while subband measurement and report can be considered as optional UE capability.

L1/L2 CLI measurement and reporting details
	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.


Adopting existing CSI framework as baseline was agreed in last meeting. It is noted that periodic, semi-persistent, or aperiodic measurement and reporting was agreed to be considered in RAN1#111 meeting. Details for further study   are given in this section.
The existing specification defines the priority rule for CSI reports to handle the CSI reporting collision. If the CSI report carrying L1-CLI collides with others CSI reports carrying non-L1-CLI, or aperiodic L1-CLI collides with periodic/semi-persistent L1-CLI reports, priority rule is needed to handle those colliding cases.
To ensure UE has enough time to compute CSI, low latency class, high latency class, and beam specific latency class were specified in Rel-15. Similarly, computation delay requirement is also needed to guarantee enough time for processing L1-CLI reporting. Reusing existing computation delay requirement or defining L1-CLI specific computation delay requirement should be studied.
Except priority rule and computation delay requirement, many others aspects also should be considered for L1-CLI measurement and report, including reporting method,  processing criteria and so on.
Proposal 9：Further for study reporting priority rule, reporting method, computation delay requirements, processing criteria for L1-CLI measurement and report.
Coordinated scheduling for time/frequency resources between gNBs for UE-to-UE co-channel CLI handling
For coordinated scheduling for time/frequency resources between gNBs for UE-to-UE co-channel CLI handling, DL/UL resource blanking/reservation/muting can be studied. 
For example, gNBs in the same geographic area may exchange scheduling information. Based on the assumption that gNB obtains a scheduling information of neighbor gNB, CLI avoidance mechanisms such as service gNB avoiding scheduling victim UE’s DL on the time/frequency resource where victim UE experiences severe UE-to-UE CLI(i.e. DL resource blanking/reservation/muting), or neighbor gNB avoiding scheduling UL on the time/frequency resource where victim UE experiences severe UE-to-UE CLI (i.e. UL resource blanking/reservation/muting).  
Proposal 10: For details of coordinated scheduling for time/frequency resources between gNBs for UE-to-UE co-channel CLI handling, DL/UL resource blanking/reservation/muting can be studied.
Power control based solution
	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



Reducing UL transmitting power can be used to reduce UE-to-UE CLI strength. However, it will lead to reduced UL coverage. The trade-off of benefit from alleviating CLI and the loss from reduced coverage should be carefully evaluated. Moreover, increasing UL transmitting power is actually beneficial to counter gNB-to-gNB CLI. For example, if one UL transmission is an aggressor’s transmission for a DL transmission and a victim of neighbouring gNB’s aggressive DL transmission at the same time, UL performance will be further deteriorated with reducing UL transmission power. 
Proposal 11: The negative impact from separate UL power control mechanism for CLI handling on coverage and original transmission should be carefully evaluated.
Timing alignment between UL and DL reception at victim UE
The following agreement has been reached in RAN1#112-bis:

	Agreement
For UE-to-UE co-channel CLI measurement, study the impact on system performance because of CLI measurement inaccuracy at victim UE due to misalignment between DL reception timing at victim UE of DL channel/signal transmitted from serving gNB and DL reception timing at victim UE of CLI measurement resource transmitted from aggressor UE(s). 



The studies should focus on macro cell deployment. For micro deployment, the transmission delays differences are within the cyclic prefix time frame, therefore won’t cause any meaningful impact. It should be noted that the impact will be average out for the L3 based CLI measurement. Moreover, it will be difficult to ‘align’ the timing variation, as for alignment DL reception timing from serving gNB with DL reception from aggressor UE(s), it is hard to perform alignment between DL reception timing from serving gNB and DL receptions from multiple aggressor UEs. The multiple aggressor UEs can hardly adjust UL timing to align with DL reception of one victim UE since this timing shall first satisfy the requirement of the aggressor’s own cell’s timing requirement.
Observation 5: It is almost infeasible to perform alignment between DL reception timing from serving gNB and DL receptions from different aggressor UEs.
3. Conclusions 
In this contribution, we provide our views on CLI handling schemes which are common for both SBFD and dynamic/flexible TDD. The conclusions are:
Observation 1: it is hard to conclude the impact on system performance because of CLI measurement inaccuracy without detailed assumptions.
Observation 2: Two candidate solutions can be used for beam based measurement. The first one is scheduling victim UE with Rx beam which suffers the least CLI, and the second candidate solution is scheduling aggressor UE with Tx beam which generates least CLI (to victim UE) or avoiding scheduling aggressor UE with Tx beam which generates largest CLI. The information exchange overhead could be significant for the second alternative solution.
Observation 3: The existing Rel-16 CLI-RSSI measurement resource can be configured with finer granularity at the cost of reduced measurement range or increased signaling overhead and implementation complexity.
Observation 4: Subband L1-CLI measurement and report will increase UE implementation complexity and L1 report overhead, and introduce significant specification impact.
Observation 5: It is almost infeasible to perform alignment between DL reception timing from serving gNB and DL receptions from different aggressor UEs.
Proposal 1: Neighboring gNBs should exchange measurement configuration information of SSB set and/or CSI-RS set (each SSB or CSI-RS in the set is associated with a specific beam) to enable beam level CLI measurement.
Proposal 2: Beam level measurement results and corresponding measurement resources should be exchanged among gNBs to achieve beam/spatial based CLI management.
Proposal 3: To ensure gNB-to-gNB CLI measurement accuracy, non-transparent (UL rate matching based) UL muting solution can be considered.
Proposal 4: For details of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· DL resource blanking including time/frequency resource at aggressor gNB
· UL resource restriction including time/frequency resources among gNBs
· Coordination of  SBFD configuration
Proposal 5: Reduced cell coverage and degraded SINR should be taken into account while considering gNB-to-gNB CLI handling via downlink power control based scheme.
Proposal 6: Increased UE-to-UE CLI and feasibility should be taken into account while considering gNB-to-gNB CLI handling via uplink power control based scheme.
Proposal 7: Study beam based CLI measurement and reporting, and prioritize solutions with practical information exchange between gNBs.
Proposal 8: Wideband measurement and report can be considered as the baseline of L1-CLI measurement and report, while subband measurement and report can be considered as optional UE capability.
Proposal 9：Further for study reporting priority rule, reporting method, computation delay requirements, processing criteria for L1-CLI measurement and report.
Proposal 10: For details of coordinated scheduling for time/frequency resources between gNBs for UE-to-UE co-channel CLI handling, DL/UL resource blanking/reservation/muting can be studied.
Proposal 11: The negative impact from sperate UL power control mechanism for CLI handling on coverage and original transmission should be carefully evaluated.
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