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1. [bookmark: _Ref521334010]Introduction
During RAN1#109-e meeting, potential enhancements on dynamic/flexible TDD were extensively discussed and the following consensuses were reached on this topic [1]:
	Agreement
· For discussion in AI 9.3.3, consider the deployment scenarios for dynamic/flexible TDD which are agreed for evaluation purpose under AI 9.3.1 in RAN1#109-e.
· Under AI 9.3.3., no more discussion about the deployment scenario for potential enhancement on dynamic/flexible TDD 
Agreement
At least, following interference scenarios can be considered for study of dynamic/flexible TDD:
· gNB-to-gNB inter-cell co-channel interference
· UE-to-UE inter-cell co-channel interference
Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· gNB-to-gNB CLI measurement and reporting
· Coordinated scheduling 
· Spatial domain enhancements
· Advanced receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Potential enhancements to Rel-16 RIM
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancements specific for SBFD will be discussed in 9.3.2
Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Coordinated scheduling
· Spatial domain enhancements, 
· Advanced Receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancement specific for SBFD will be discussed in 9.3.2
Conclusion
The following self-interference scenario and inter-subband CLI scenarios are not considered under AI 9.3.3 (Potential enhancements on dynamic/flexible TDD).
· gNB self-interference
· UE-to-UE intra-cell co-channel inter-subband CLI
· UE-to-UE inter-cell co-channel inter-subband CLI
· gNB-to-gNB inter-cell co-channel inter-subband CLI
Guideline for future meetings
· Note: AI 9.3.3 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.
· Note: AI 9.3.2 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.



Based on the guideline, we provide our views on CLI handling schemes which are common for both SBFD and dynamic/flexible TDD in this contribution. Schemes those are specific for SBFD is provided in our companion contribution [2].
2. Discussion
One of the important enabler for CLI handling is interference measurement for almost all the schemes discussed in the following sections. There are two types of CLI for both dynamic/flexible TDD and SBFD as depicted in Figure 1 and Figure 2 respectively.
· CLI type 1: co-channel CLI for dynamic/flexible TDD and intra-subband CLI for SBFD due to resources overlapping
· CLI type 2: adjacent channel CLI for dynamic/flexible TDD and inter-subband CLI for SBFD due to adjacent channel/subband leakage.
For interference measurement, the following two schemes can be considered.
· Measurement scheme 1: based on reference signal with interference source identity, e.g. RIM-RS for RIM measurement and CLI-SRS for UE-to-UE CLI measurement. 
· Measurement scheme 2: based on interference power without interference source identity, e.g. CLI-RSSI for UE-to-UE CLI measurement. 
For CLI type 2, it is expected to be difficult to identify reference signal transmitted by the aggressor UE/gNB based on the adjacent channel/subband leakage. Thus measurement scheme 1 is only applicable to CLI type 1. To summarize, measurement scheme 2 is applicable for both CLI type 1 and CLI type 2 while measurement scheme 1 is only applicable for CLI type 1. From the perspective of applicable scope, measurement scheme 2 can be prioritized.
Proposal 1: Study power based measurement and reporting for both gNB-to-gNB CLI and UE-to-UE CLI in Rel-18.   
Considering that victim and/or aggressor UE’s TDD configuration, SBFD sub-band configuration, beam direction, geographic location and/or time/frequency location of scheduled transmission can be dynamic changed, short-term UE-to-UE CLI measurement and reporting can be studied to better reflect the interference variation, e.g. L1 based measurement and reporting. Similarly, gNB-to-gNB CLI strength is also varying with above factors. Thus short-term measurement can also be considered for gNB-to-gNB CLI measurement and reporting.  
Proposal 2: Study short-term measurement and reporting for both gNB-to-gNB CLI  and UE-to-UE CLI in Rel-18.   
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[bookmark: _Ref111215503][bookmark: _Ref111215491]Figure 1: CLI types for dynamic/flexible TDD
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[bookmark: _Ref111215572]Figure 2 : gNB-gNB CLI types for SBFD
1 
2 
1. 
2. 
2.1. UE-to-UE CLI
1)  Potential enhancements to UE-to-UE CLI measurement/reporting
With respect to the measurement resources, one option is to reuse R16 CLI-RSSI resource pattern configured by RSSI-ResourceConfigCLI-r16 as L1 UE-to-UE CLI measurement pattern. At the same time, since UE-to-UE CLI measurement is to measure the aggressor’s uplink interference on victim’s downlink, reusing the pattern of existing UL reference signal is another option. Whether the existing R16 CLI-RSSI resource pattern and existing UL reference signal pattern are feasible from the points of measurement accuracy and overhead, it can be FFS. Thus we can study R16 CLI-RSSI resource pattern and SRS/DMRS pattern as a starting point. 
To improve the measurement accuracy, the CLI measurement resource should be reserved for measurement purpose only and rate matching is needed for PDSCH. This will affect DL spectrum efficiency in turn. With respect to measurement result reporting, solution similar to CSI/CQI reporting can be studied as a starting point. Meanwhile, to reduce measurement resource and reporting resource overhead, aperiodic measurement and reporting can be considered.  
Proposal 3: Study R16 CLI-RSSI resource pattern and existing UL reference signal pattern as a starting point for UE-to-UE CLI measurement. 
Proposal 4: Consider DL rate matching around UE-to-UE CLI measurement resource for improving UE-to-UE CLI measurement accuracy.
Proposal 5: Study aperiodic measurement and reporting for UE-to-UE CLI.
2.2. gNB-to-gNB CLI
1) gNB-to-gNB CLI measurement 
With respect to the measurement resources, similar to UE-to-UE CLI measurement, one option is reusing R16 CLI-RSSI resource pattern configured by RSSI-ResourceConfigCLI-r16 as L1 gNB-to-gNB CLI measurement pattern. As gNB-to-gNB CLI measurement is to measure the aggressor’s downlink interference on victim’s uplink, thus studying the pattern of existing DL reference signal (e.g. DMRS/CSI-RS) is another option. Whether the existing R16 CLI-RSSI resource pattern and existing DL reference signal pattern are feasible from the points of measurement accuracy and overhead, it can be FFS.. 
To ensure the measurement accuracy, the CLI measurement resource should be reserved. There are two alternative solutions to reserve CLI measurement resource as listed in the following,
· Alternative 1: based on gNB scheduling, i.e. gNB shall not schedule uplink transmission on symbol with CLI measurement resource. No rate matching pattern indication to UE is needed, however this option will waste the REs that are not used for CLI measurement in the symbol.   
· Alternative 2: based on the rate matching, i.e gNB and UE only skip the REs used for CLI measurement for resource mapping. This option will utilize the REs that are not used for CLI measurement in the symbol with REs for CLI measurement, however rate matching pattern indication is needed for UE taking CLI measurement resource variation into account and additional UE implementation complexity is also introduced. 
Therefore, the method of measurement resource reservation should take resource utilization, signaling overhead and UE enhancement into account.
Proposal 6: Study R16 CLI-RSSI resource pattern and existing DL reference signal pattern as a starting point for gNB-to-gNB CLI measurement. 
Proposal 7: Consider the feasibility and benefit of UL rate matching around gNB-to-gNB CLI measurement resource for improving gNB-to-gNB CLI measurement accuracy.
2) Coordinated scheduling
gNB can adjust the scheduling strategies to avoid or alleviate CLI impact, e.g. reducing uplink MCS/Rank to enhance the robustness of interference resistance, changing the uplink frequency/ time domain resource allocation, changing the transmission direction from UL to DL, and so on. This solution mainly relies on victim gNB’s scheduling to mitigate interference received. To effectively and accurately perform scheduling adjustment, interference measurement is needed and should to be studied first. 
Another option is to rely on aggressor gNB’s scheduling to reduce or eliminate interference to victim gNB. This option is more appropriate for intra-operator. For inter-operator scenario, coordinating mechanism should be pre-defined, e.g. when and in what condition aggressor should adjust scheduling to avoid interference to neighbor cells.
3) Spatial domain enhancements
Beam coordination is a potential solution especially for deployment in FR2. Using different UL beam direction from aggressor’s DL beam direction can mitigate TRP-to-TRP CLI effectively. However, for omnidirectional antenna or lower carrier frequency deployment, this method is not applicable. Thus, this scheme’s limited applicability should be taken into account. Besides, to achieve beam coordination among neighbor cells, beam direction exchanging is needed.
Furthermore, to facilitate the beam coordination, beam based CLI measurement and reporting is expected to recognize the best/worst beam pair for beam adjustment in victim/aggressor gNB.
4) Advanced receiver
As a typical reactive scheme, advanced receiver processes the signal with improved receiver algorithm, e.g. E-MMSE-IRC, SIC (symbol level and bit level), R-ML and so on. However, there are several disadvantages listed in the following,
· High requirement on backhaul latency: To effectively handle non-Gaussian noise, interference channel estimation is needed for E-MMSE-IRC, E-MMSE-IRC based SIC receiver and R-ML. That means the reference signal of neighboring cell used for channel estimation should be known to the serving cell. Beside the reference signal, other dynamic configured parameters of neighbor cell also need to be notified to the serving cell, e.g. modulation order and other channel decoding related parameters. Considering those parameters are dynamic, dynamic coordination among gNBs is needed. With existing non-ideal backhaul latency assumption which has a latency of 10~20ms or longer, it is impractical to implement dynamic coordination among gNBs. It is true that ideal backhaul can be assumed for co-located/fiber access scenario as in NASIC feature, but the applicable scenario is limited. Of course, gNB blind detection based solution is another option to address the impractical dynamic coordination problem. However, the complexity introduced by blind detection is a great challenge for practical gNB implementation.
· Limitation: For advanced receiver to work properly, the desired signal should not be blocked and need to be sampled by ADC. However, blocking might occur in some scenarios, including in dynamic TDD and SBFD system. The advanced receiver will be disabled when blocking occurs.
Based on the analysis above, the advanced receiver based interference cancellation solution is proposed to be considered with low priority at least.
Proposal 8: Deprioritize advanced receiver based interference cancellation solution in gNB-to-gNB CLI handling study.  
5) Power control based solution
Power control based interference mitigation solution was discussed and adopted in Rel-12 eIMTA where UL transmitting power was increased to counter CLI impact. It can be studied as a starting point in Rel-18 CLI handling. Besides increasing UL transmitting power, decreasing DL transmitting power is another potential candidate solution.
Proposal 9: Power control based gNB-to-gNB CLI interference mitigation solution can be further studied.

3. Conclusions 
In this contribution, we provide our views on CLI handling schemes which are common for both SBFD and dynamic/flexible TDD. The proposals are:
Proposal 1: Study power based measurement and reporting for both gNB-to-gNB CLI and UE-to-UE CLI in Rel-18.  
Proposal 2: Study short-term measurement and reporting for both gNB-to-gNB CLI  and UE-to-UE CLI in Rel-18.   
Proposal 3: Study R16 CLI-RSSI resource pattern and existing UL reference signal patternas a starting point for UE-to-UE CLI measurement. 
Proposal 4: Consider DL rate matching around UE-to-UE CLI measurement resource for improving UE-to-UE CLI measurement accuracy.
Proposal 5: Study aperiodic measurement and reporting for UE-to-UE CLI.
[bookmark: _GoBack]Proposal 6: Study existing R16 CLI-RSSI resource pattern and existing DL reference signal pattern as a starting point for gNB-to-gNB CLI measurement. 
Proposal 7: Consider the feasibility and benefit of UL rate matching around gNB-to-gNB CLI measurement resource for improving gNB-to-gNB CLI measurement accuracy.
Proposal 8: Deprioritize advanced receiver based interference cancellation solution in gNB-to-gNB CLI handling study.  
Proposal 9: Power control based gNB-to-gNB CLI interference mitigation solution can be further studied.
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