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Introduction
In the previous RAN1#111 meeting, the following agreements were made on potential enhancements on dynamic/flexible TDD [1].
	Agreement at RAN1#111:
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 at RAN1#111:
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.
Agreement at RAN1#111:
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
Agreement at RAN1#111:
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.
Agreement at RAN1#111:
For UE-to-UE co-channel CLI handling, study whether/how to enhance UL power control mechanism.
· Existing UL power control mechanism is baseline


In this contribution, we provide our views on potential enhancements on dynamic/flexible TDD.
[bookmark: OLE_LINK69]Discussion on potential enhancements on dynamic/flexible TDD
The objective of Rel-18 Duplex SI is to study inter-gNB (gNB-to-gNB) inter-cell CLI and inter-UE (UE-to-UE) inter-cell CLI handling and identify solutions to manage them, considering both dynamic TDD operation and SBFD (subband non-overlapping full duplex) operation. Target scenarios to handle such kinds of CLI are showed in Figure 1.
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Figure 1. gNB-to-gNB CLI and UE-to-UE CLI.

In Figure 1(a), DL transmission from aggressor (gNB#1) causes gNB-to-gNB inter-cell CLI to UL reception at victim (gNB#2). In Figure 1(b), UL transmission from aggressor (UE#2) causes UE-to-UE inter-cell CLI to DL reception at victim (UE#1). In this contribution, we provide our views on gNB-to-gNB inter-cell CLI and UE-to-UE inter-cell CLI.

gNB-to-gNB inter-cell co-channel interference
gNB-to-gNB co-channel CLI measurement for gNB-to-gNB co-channel CLI handling
In the previous RAN1#111 meeting, agreements were made on gNB-to-gNB inter cell co-channel interference. For gNB-to-gNB co-channel CLI measurement and/or channel measurement, it was agreed that at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study. Based on the agreements, victim gNB can measure gNB-to-gNB CLI based on periodic NZP CSI-RS and SSB from aggressor gNB. For this, configurations of NZP CSI-RS and SSB can be exchanged between the aggressor gNB and the victim gNB. 

In the RAN1#110b-e meeting, it was agreed to study the potential benefit of uplink resources muting for gNB-to-gNB CLI handling. Considering that the purpose of gNB-to-gNB CLI measurement at victim gNB is to suppress the CLI, accurate CLI measurement at gNB should be guaranteed. For accurate CLI measurement, UL transmissions from UEs in a cell shall not be permitted on measurement resources.

It requires further considerations whether to study UE transparent UL muting or UE non-transparent UL muting. UE transparent UL muting denotes that UL muting resources are not known to UEs in a victim cell, while UE non-transparent UL muting denotes that UL muting is configured or indicated at least for Rel-18 UEs in a victim cell. UE transparent UL muting can be implemented by gNB scheduling. Thus, gNB can manage to configure or indicate UEs not to transmit any UL signal/channel on the resources for gNB-to-gNB CLI handling. On the other hand, UL muting resources are configured or indicated at least for Rel-18 UEs in a cell. 

Between two schemes for UL muting, UE non-transparent UL muting is beneficial in terms of efficient resource utilization. Regarding that the UL muting resource can be RE-level (i.e., REs for NZP CSI-RS from aggressor UE), UL signal/channel can be transmitted on REs not used for gNB-to-gNB CLI measurement. For example, PUSCH can be rate matched around REs of UL muting resource. On the other hand, if at one or more REs are overlapped between UL signal/channel and UL muting resource, gNB should avoid scheduling in the overlapped RB(s).

Under the UE non-transparent UL muting, UE behaviors on UL muting resources can be further studied. We provide our views on UE behaviors on UL muting resource with respect to UL signal/channel.

PUSCH can be rate matched around REs of UL muting resource in both RB-level and RE-level. For example, a UE can transmit PUSCH by rate matching around RBs of SSB or REs of NZP CSI-RS transmitted from aggressor gNB. Since rate matching procedure for PUSCH is not supported in the current specification, it can be studied based on the Rel-15 PDSCH rate matching as we proposed in [2]. Also, different UE behavior for the PUSCH multiplexed with UCI can be studied, e.g., whether or not REs for HARQ-ACK are overlapped with UL muting resource.

UE behaviors on PUCCH can be categorized according to UCI type and PUCCH format. For example, PUCCH format 0 is scheduled to transmit in 1 or 2 symbols and 1 RB with low PAPR sequence. Then, if at least one RE is not used for PUCCH transmission, gNB cannot detect the PUCCH format 0 in scheduled resources. Also, since PUCCH format 0 is scheduled to transmit HARQ-ACK and/or SR that should be prioritized to transmit, the UE can transmit PUCCH format 0 even in the resources overlapped with UL muting resources. For another example, PUCCH format 2 is scheduled to transmit in maximum 16 RBs with polar coded bits. Then, even some RBs or REs are overlapped with UL muting resource, the UE can transmit PUCCH format 2 by rate matching around RBs or REs of UL muting resource. 

SRS can be transmitted or cancelled in symbol-level, i.e., partial cancellation is supported, and SRS is transmitted with low PAPR sequence. Therefore, symbol-level transmission or cancellation can also be used for UE behaviors on SRS. For example, if at least one RE in a symbol of SRS is overlapped with UL muting resource, SRS is not transmitted in the symbol. Otherwise, if no RE in a symbol of SRS is overlapped with UL muting resource, SRS in transmitted in the symbol.

PRACH transmission can be prioritized over RBs or REs in UL muting resource. Since PRACH is for uplink synchronization, TA alignment, SR, BFR, and on-demand SI request, it’s better to transmit PRACH even in RBs or REs for UL muting while postponing the CLI measurement.

In addition, different UE behaviors according to PHY priority (i.e., eMBB or URLLC) can be studied. For example, a UE does not transmit UL signal/channel with low priority on RBs or REs for UL muting, while transmits UL signal/channel with high priority.
· Proposal 1: RAN1 to study UE non-transparent UL muting for gNB-to-gNB CLI handling in terms of efficient resource utilization.
· FFS: UE behaviors on UL muting resource with respect to the UL signal/channel and PHY priority.

UE-to-UE inter-cell co-channel interference
UE-to-UE co-channel CLI measurement and reporting for UE-to-UE co-channel CLI handling
In Rel-16, UE-to-UE CLI measurement and reporting procedures at victim UE was specified with two types of CLI measurement and reporting metrics, i.e., CLI-RSSI and SRS-RSRP. For CLI-RSSI measurement, the victim UE measures the total received power over configured CLI-RSSI measurement resources. For SRS-RSRP measurement, the victim UE measures the RSRP over configured SRS resource(s) which is/are transmitted from one or multiple aggressor UE(s). Then, Layer 3 filtering can be applied to the measurement result for both CLI-RSSI and SRS-RSRP measurements. For measurement result reporting for both CLI-RSSI and SRS-RSRP measurements, event triggered and periodic reporting are supported.

In addition to the Rel-16 UE-to-UE CLI measurement and reporting, UE-to-UE CLI measurement and reporting at aggressor UE can be studied in Rel-18. Thus, UE-to-UE CLI measurement and reporting at both the victim UE and the aggressor UE can be studied. More efficient CLI handling is expected via bi-directional CLI measurement and reporting. For example, an aggressor UE can be indicated with reduced UL power control parameter set if reported CLI from the aggressor UE is high.

For this, Rel-16 CLI measurement and reporting framework can be a baseline as an agreement in the RAN1#110b-e meeting, i.e., consider reusing existing channel(s)/signal(s)/measurement resource(s) as baseline for UE-to-UE CLI measurement. For example, aggressor UE can be configured to measure SRS-RSRP in the configured resource that SRS is transmitted from victim UE. Otherwise, aggressor UE can be configured to measure CLI-RSSI in the configured resource in certain symbols and RBs.
· Proposal 2: RAN1 to study UE-to-UE CLI measurement and reporting at aggressor UE side for UE-to-UE CLI handling.

In the previous RAN1#111 meeting, it was agreed to consider the periodic, semi-persistent, and aperiodic measurement and reporting as potential enhancements for L1/L2 UE-to-UE CLI measurement and reporting. We provide our views on L1/L2 UE-to-UE CLI measurement and reporting details. 

CSI reporting framework can be a starting point for L1/L2 UE-to-UE CLI measurement and reporting. For CSI reporting, a UE can be configured or indicated to receive CSI-RS for downlink channel state measurement and reporting. CSI reporting framework have three types, periodic, semi-static, and aperiodic. A UE can be configured with one of three types and report quantity per CSI reporting configuration. For example, the UE can be configured with {CSI reporting ID = 0, periodic, cri-RSRP} by CSI-ReportConfig. Then, the UE receives CSI-RS in corresponding CSI-RS resource and measures RSRP of the CSI-RS (i.e., CSI-RSRP). After that, the UE reports measured CSI-RSRP and corresponding CSI-RS resource ID to gNB via PUCCH transmission according to configured slot offset/periodicity.

L1/L2 UE-to-UE CLI measurement and reporting can be included as an IE (information element) of CSI-ReportConfig. For example, a UE can be configured with {CSI reporting ID = 1, aperiodic, sri-RSRP} by CSI-ReportConfig, where sri-RSRP denotes victim UE’s SRS resource indicator and corresponding SRS-RSRP. Then, the UE receives SRS in the corresponding SRS resource and measures RSRP of the SRS (i.e., SRS-RSRP) if the UE is indicated to trigger aperiodic CSI reporting by DCI. After that, the UE reports measured SRS-RSRP and corresponding SRS resource ID to gNB via PUSCH transmission scheduled by DCI. Although CLI measurement reporting is not related with downlink channel state measurement and reporting, there is no ambiguity between gNB and UE among CSI or CLI reporting since it can be configured with independent reporting ID. Also, it’s beneficial in specification point of view by reusing existing framework, and additional signalling overhead is not needed.
· Proposal 3: Current CSI reporting framework can be a baseline for L1/L2 UE-to-UE CLI measurement and reporting for UE-to-UE CLI handling.
· UE-to-UE CLI measurement and reporting can be included as parts of CSI reporting configurations. 

Power control-based solution
In the previous RAN1#111 meeting, it was agreed to study whether/how to enhance UL power control mechanism, while considering the existing UL power control mechanism as a baseline. For UE-to-UE CLI handling, UL power reduction at aggressor UE can be considered to mitigate the UE-to-UE CLI. We propose to study UL power control based on the aggressor UE side CLI measurement and reporting as showed in Figure 2.
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Figure 2. Power control-based solution for UE-to-UE CLI handling.

① CLI-RS measurement
As discussed above, in addition to Rel-16 UE-to-UE CLI measurement and reporting, UE-to-UE CLI measurement and reporting at aggressor UE can be studied for better CLI handling. Therefore, an aggressor UE (UE#2) can be configured to measure received signal/channel power of CLI-RS from a victim UE (UE#1). Rel-16 metrics for UE-to-UE CLI measurement can be reused, i.e., CLI-RSSI and SRS-RSRP. 

② CLI reporting
After CLI-RS measurement, the aggressor UE (UE#2) can report measurement result via L1, L2, or L3 CLI reporting to gNB (gNB#2). It’s worth noting that the L1/L2 CLI reporting is beneficial to reflect the UE-to-UE CLI instantly than L3 CLI reporting. As discussed above, the aggressor UE (UE#2) can be configured to measure and report UE-to-UE CLI in one of CSI reporting configurations.

③ UL power control
Based on UE-to-UE CLI reporting from aggressor UE (UE#2), gNB (gNB#2) can indicate aggressor UE (UE#2) to adjust UL transmission power. For example, an aggressor UE can be indicated with reduced open-loop UL power control parameter set (P0 or alpha) or closed-loop UL power control parameter set (TPC command) if reported CLI from the aggressor UE is high. 

For the above power control-based solution for UE-to-UE CLI handling, existing UL power control parameter set can be reused unless the motivation of parameter modification is clarified (e.g., increased step size of TPC command). 
· [bookmark: _Hlk127567184]Proposal 4: RAN 1 to study UL power control-based solution for UE-to-UE CLI handling based on L1/L2 UE-to-UE CLI measurement and reporting at aggressor UE side.
· Existing UL power control parameter set can be reused. 

Conclusion
In this contribution, we discussed potential enhancements on dynamic/flexible TDD and summarize our views as the following:
· Proposal 1: RAN1 to study UE non-transparent UL muting for gNB-to-gNB CLI handling in terms of efficient resource utilization.
· FFS: UE behaviors on UL muting resource with respect to the UL signal/channel and PHY priority.
· Proposal 2: RAN1 to study UE-to-UE CLI measurement and reporting at aggressor UE side for UE-to-UE CLI handling.
· Proposal 3: Current CSI reporting framework can be a baseline for L1/L2 UE-to-UE CLI measurement and reporting for UE-to-UE CLI handling.
· UE-to-UE CLI measurement and reporting can be included as parts of CSI reporting configurations. 
· Proposal 4: RAN 1 to study UL power control-based solution for UE-to-UE CLI handling based on L1/L2 UE-to-UE CLI measurement and reporting at aggressor UE side.
· Existing UL power control parameter set can be reused. 
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