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1. [bookmark: _Toc120549591]Introduction
In last RAN1 meeting, the following agreements were made [1]:
Agreement
For the gNB-gNB co-channel CLI measurement, both RSRP and RSSI can be used as measurement metric for evaluation purposes only.
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.
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 
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
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)
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). 
In this contribution, the study of inter-UE intra-subband and inter-gNB intra-subband CLI handling on flexible/dynamic TDD will be discussed.
2. Inter-UE CLI handling enhancement
2.1 L1/L2 CLI measurement and reporting
Compared to the Rel-16 L3-based CLI measurement and reporting, L1/L2 based UE-to-UE CLI measurement and reporting can reduce the reporting latency because L3 reporting involves some time-consuming processes, such as L3 filtering and scheduling request. In the RAN1#112 meeting, companies agreed to use the existing CSI framework as the baseline for L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism. In the existing CSI measurement and reporting framework, the CSI measurement RS is configured and transmitted by gNB and UE will measure the CSI resource and report on configured or indicated PUCCH/PUSCH resource. However, for L1/L2 UE-to-UE CLI measurement and reporting, the inter-UE CLI measurement SRS is transmitted by inter-cell aggressor UEs. Then victim UE will report measurement results to its serving gNB. Therefore, enhancements to the existing CSI measurement and reporting framework should be considered for CLI measurement and reporting.
In the CSI framework, the CSI reporting can be periodic, semi-persistent, and aperiodic. Similarly, for L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, and aperiodic reporting can be considered. 
1) Periodic reporting:
Victim UE measures the pre-configured periodic CLI measurement resource and reports the measurement results to its serving gNB via periodic PUCCH resources. In this scheme, gNB can acquire the measurement results immediately but the measurement resource and report resource overhead are also very huge because each victim UE may need to perform extensive measurements and reports corresponding to lots of aggressor UEs. Therefore, how to reduce the inter-UE CLI report overhead, e.g., CLI measurements results content compression should be studied for L1/L2 based inter-UE CLI periodic reporting.
Proposal 1: For L1/L2 based periodic inter-UE CLI reporting, how to reduce the CLI report overhead should be studied.
2) Aperiodic reporting:
Similar to aperiodic CSI feedback, gNB can transmit DCI signaling to trigger UE’s inter-UE CLI measurement and report on PUSCH resources. Compared with periodic schemes, aperiodic schemes can reduce the measurement and report resource overhead since gNB can trigger the CLI reporting when needed, but this scheme will lead to increased latency and reduced efficiency of inter-UE CLI measurement and report. That is because gNB does not know the exact inter-UE CLI situation in real time and the trigger time of inter-UE CLI measurement and report may not match the exact time when inter-UE CLI occurs.
For the CLI measurement resource, periodic, semi-persistent, or aperiodic measurement resources can all be considered. However, how to trigger aperiodic CLI reporting is a critical issue that needs further study. In legacy aperiodic CSI report with aperiodic CSI-RS transmission, a single DCI signaling is used to trigger CSI-RS as well as indicate the reported PUSCH resource. However, in inter-UE CLI measurement and reporting, the UE that transmits CLI SRS is different from the UE that measures the CLI SRS. If UE-specific signaling is used to trigger SRS transmission or indicate CLI report resource, the overall signaling overhead may be huge in a large UE number scenario. 
In addition, in order to perform efficient CLI measurement and report for inter-cell UE, UE’s SRS configurations should be exchanged among gNBs over the Xn/F1 interface, which may lead to a large processing delay. Therefore, the effect of information exchange time between gNBs on L1/L2 based UE-to-UE CLI measurement and reporting should be studied.
3) Semi-persistent reporting:
Similar to semi-persistent CSI feedback, gNB can transmit MAC CE or DCI signaling to activate/trigger UE’s inter-UE CLI measurement and report on PUCCH/PUSCH resource. For the CLI measurement resource, periodic and semi-persistent measurement resource can be considered. Semi-persistent reporting suffers from similar issues as aperiodic reporting. Therefore, detailed triggering signaling for semi-persistent and aperiodic CLI reports and methods to reduce signaling overhead should be studied.
Proposal 2: For L1/L2 based semi-persistent/aperiodic inter-UE CLI reporting, the information exchange time between gNBs should be considered for the design of CLI measurement and reporting timeline.
Proposal 3: For L1/L2 based semi-persistent/aperiodic inter-UE CLI reporting, the detailed SRS resource triggering signaling and report resource indication signaling should be studied, as well as how to reduce the signaling overhead.
4) Event-triggered reporting:
In the existing Rel-16 L3 inter-UE CLI handling, both periodic and event-triggered report are supported. Similarly, the event-triggered scheme can be supported for L1/L2 based UE-to-UE CLI measurement and report.
In this scheme, the measurement report is triggered by events, e.g., the inter-UE CLI is higher than a threshold. The report resource overhead will be reduced than periodic reporting because UE only needs to report the CLI measurement results on some occasions, which is the most efficient way to let gNB acquire the accurate inter-UE CLI measurement results. Therefore, the L1/L2 based event triggered reporting should also be supported in inter-UE CLI measurement and reporting.
Different from pre-configured PUCCH resource in periodic reporting and the indicated PUSCH resource in semi-persistent/aperiodic reporting, one thing that needs further study is how to indicate gNB the inter-UE CLI report request and the report resource configuration by L1/L2 signaling. For L1 based event triggered reporting, SR and associated PUCCH resource can be used, for example, UE first informs gNB of the CLI measurement reporting request on SR resource and then reports the measurement results on associated PUCCH resource. For L2 based event triggered reporting, UE can use MAC-CE on CG PUSCH to report the measurement results.
Proposal 4: For L1/L2 based inter-UE CLI measurement and reporting, event triggered reporting can be supported. The following reporting triggering method can be further studied as examples:
· [bookmark: _Hlk126597235]For L1 based event triggered reporting, SR resource can be used for UE to inform gNB the CLI measurement results reporting and PUCCH can be used as reporting resource.
· [bookmark: _Hlk126597381]Foe L2 based event triggered reporting, MAC-CE on CG PUSCH can be used by UE to convey measurement results.
In the existing CSI measurement and reporting framework, CSI may consist of CQI, PMI, CRI, SSBRI, L1-RSRP, L1-SINR, etc. When the PUCCH or PUSCH configured for CSI feedback could not contain all the CSI reports overlapping in time, some of the CSI reports will be dropped according to the priority value, which is calculated by the reporting type, carried information type, serving cell index, reporting configuration ID with pre-defined rules. Similarly, if PUCCH or PUSCH is insufficient to transmit all the CSI reports and CLI reports overlapping in time, it’s necessary to determine which measurement reports should be transmitted with higher priority.
Proposal 5: For L1/L2 based inter-UE CLI measurement and reporting, the priority of CLI reports relative to the existing CSI reports should be studied.
In addition, considering the frequency selective characteristic of UE-to-UE ch-channel CLI in the frequency domain, the CLI could be different on different finer frequency resources. So, it is necessary to study subband measurement and reporting for L1/L2 based UE-to-UE co-channel CLI measurement and report. And both RSRP and RSSI can be used as measurement metrics.
Proposal 6: For L1/L2 based inter-UE co-channel CLI measurement and reporting, support to study subband measurement and reporting, i.e., support finer frequency granularity of CLI measurement and reporting.
2.2 Coordinated scheduling
In Rel-16 CLI, only TDD configurations are exchanged between gNBs. As shown in Figure 1, in order to better support inter-vendor inter-UE CLI cooperation, the backhaul signaling can be enhanced to exchange other necessary information, including inter-UE CLI measurement resource configuration (e.g., CLI SRS or RSSI resource configurations) to assist the network to identify the aggressor UEs, and the corresponding coordinated scheduling information. For instance,
· Example 1 (2-step negotiation): As shown in Figure 1 (a), 
· Step 0 (backhaul): The serving cell for aggressor UE informs CLI-SRS resource configuration to the serving cell for victim UE
· Step 1: The serving cell for victim UE indicates the victim UE to perform intra-subband CLI measurement, and identify the strong interference UE pair based the reported CLI-SRS-RSRP from the victim UE
· Step 2 (backhaul): The serving cell for victim UE requests the serving cell for aggressor UE to avoid scheduling the aggressor UE (associate with certain CLI-SRS index) at certain pre-configured resources in time/frequency domain
· Step 3: The serving cell for aggressor UE avoids scheduling the aggressor UE (associate with certain CLI-SRS index) to transmit PUSCH at the requested resources
· Example 2 (3-step negotiation): As shown in Figure 1 (b), 
· Step 0 (backhaul): The serving cell for aggressor UE informs CLI-SRS resource configuration to the serving cell for victim UE
· Step 1: The serving cell for victim UE indicates the victim UE to perform intra-subband CLI measurement, and identify the strong interference UE pair based the reported CLI-SRS-RSRP from the victim UE
· Step 2 (backhaul): The serving cell for victim UE requests the serving cell for aggressor UE for the scheduling information of the aggressor UE (associate with certain CLI-SRS index) 
· Step 3 (backhaul): The serving cell for aggressor UE informs the pre-choregraphed scheduling information of the aggressor UE (associate with certain CLI-SRS index) to the serving cell for victim UE
· Step 4: The serving cell for victim UE avoids scheduling the victim UE to receive PDSCH at the informed resources
· Example 3 (1-step negotiation): As shown Figure 1 (c), 
· Step 0 (backhaul): The serving cell for aggressor UE informs CLI-SRS resource configuration as well as the corresponding pre-configured candidate PDSCH resources subset for the associated aggressor UE to the serving cell for victim UE
· Step 1: The serving cell for victim UE indicates the victim UE to perform intra-subband CLI measurement, and identify the strong interference UE pair based the reported CLI-SRS-RSRP from the victim UE
· Step 2: The serving cell for victim UE avoids scheduling the victim UE to receive PDSCH at the pre-configured resources subset associated with the aggressor UE


[bookmark: _Ref127092125]Figure 1. Coordinated scheduling for Inter-UE CLI handling
[bookmark: _Hlk118293892]Proposal 7: For coordinated scheduling for inter-UE intra-subband CLI handling, support to enhance the backhaul signaling to exchange necessary information, e.g.,
· [bookmark: _Hlk127134149]Example 1 (2-step negotiation): CLI-SRS resource configuration and the request for scheduling avoidance of the aggressor UE (associate with certain CLI-SRS index) at certain pre-configured resources in time/frequency domain
· Example 2 (3-step negotiation): CLI-SRS resource configuration, the request for scheduling information of the aggressor UE (associate with certain CLI-SRS index) and the information of pre-choregraphed scheduling information of the aggressor UE (associate with certain CLI-SRS index)
· Example 3 (1-step negotiation): CLI-SRS resource configuration and the corresponding pre-configured candidate DL resources subset for the associated aggressor UE
Another coordinated scheduling technique is in the spatial domain, victim UE can report the recommended beams for inter-UE CLI measurement along with the CLI measurement results reporting.
Proposal 8: For coordinated scheduling for inter-UE intra-subband CLI handling in spatial domain, victim UE can report the recommended beams along with the CLI measurement results.
2.3 UL power control enhancement
Aggressor UE’s UL power control based CLI mitigation can be useful for UE-to-UE CLI reduction. Both in SBFD system and flexible/dynamic TDD system, the inter-UE interference situation varies in different slots, e.g., the SBFD slots and normal UL slots in SBFD, and the slots with same direction or conflict direction in flexible/dynamic TDD. 
[bookmark: _Hlk134819093]For open-loop power control, different parameters can be configured for different slot types, e.g., SBFD slot and normal UL slot in SBFD system or aligned and unaligned slots in flexible/dynamic TDD system, including P0, alpha, pathloss reference RS. For closed-loop power control, although two power control loops can be configured to a UE in the current specification, UE can only use one closed-loop state, e.g., PUSCH scheduled by fallback DCI or normal DCI without SRI indication. Therefore, the enhancement on closed-loop state configuration/indication should be considered.
Proposal 9: For applying separate open-loop/closed-loop power control parameters with co-channel CLI and without co-channel CLI:
· Different open-loop power control parameters can be configured.
· Enhancement on closed-loop state configuration or indication in default closed-loop state case, e.g., PUSCH scheduled by fallback DCI or normal DCI without SRI indication.
3. Inter-gNB CLI handling enhancement
3.1 Inter-gNB CLI measurement and reporting
Some guidance of inter-gNB CLI measurement and reporting study were achieved in previous RAN1 meetings and further details are discussed as the following:
1) Measurement resource:
[bookmark: _Hlk118297953]In previous RAN1 meetings, NZP CSI-RS/SSB were agreed as the baseline for inter-gNB CLI measurement and report. Similar to inter-UE CLI measurement, there are two types of measurement resource in inter-gNB CLI measurement, which the first type is for interference power measurement, e.g., SSB/CSI-RS, and the second type is for interference strength measurement, e.g., RSSI resource. From our point of view, RSSI-like interference strength measurement can also be supported except for interference power measurement considering the interference strength measurement complicity is simpler, e.g., don’t need the accurate timing to receive the measurement RS. 
Proposal 10: For inter-gNB intra-subband CLI measurement and reporting, RSSI-like measurement can also be supported.
[bookmark: _Hlk118298724]2) Aggressor gNB identification:
[bookmark: _Hlk127285465]In order to identify the aggressor gNB, some coordination among gNBs is needed, especially for RSSI based interference strength measurement because the victim gNB can only measure the interference strength on these blank resources but cannot identify which and the number of gNBs cause interference on these RSSI resources. One solution for aggressor gNB identification is to coordinate the transmission of different aggressor gNBs on different RSSI measurement resources in TDM/FDM manner. That is for a given RSSI resource/occasion, only one aggressor gNB can transmit and other gNBs are muted. Therefore, the victim gNB can identify the strongest aggressor gNB by measuring the interference strength on different RSSI resources/occasions.
Proposal 11: For inter-gNB intra-subband CLI measurement and reporting, the transmission of different aggressor gNBs are coordinated on different RSSI resources/occasions in TDM/FDM manner.
3) UL resource muting:
[bookmark: _Hlk110416379]For victim gNB, UE’s resources muting in UL transmission may be needed for more accurate inter-gNB CLI measurement when the UL transmission resources of a target UE is overlapped with the inter-gNB CLI measurement resources. The last meeting agreed to study two UL resource muting methods, in which the first option is the transparent UL resource muting method, where gNB avoids scheduling on the measurement resources. The second option is the non-transparent UL resource muting method, which can be achieved by indicating UE the UL resource muting/rate-matching pattern with one or more RE/RB muting patterns.
Comparing these two options, the transparent UL resource muting method introduces more limitations on the gNB’s scheduling, e.g., gNB can not schedule UL transmission of a target UE on any RE in a certain OFDM symbol overlapping with inter-gNB measurement resources, which will degrade the UL scheduling flexibility and waste the UL resource. While the non-transparent UL resource muting method doesn’t have this issue because UL transmission of target UE can be scheduled on the remaining REs/RBs that are not overlapped with inter-gNB measurement resources. Therefore, we support the non-transparent UL resource muting method for enhancement of gNB-to-gNB co-channel CLI measurement and/or channel measurement.
Proposal 12: For enhancement of gNB-to-gNB co-channel CLI measurement and/or channel measurement, support the non-transparent UL resource muting method.
3.2 Coordinated scheduling
From operator’s point of view, the mainly interested and realistic scenario for dynamic/flexible TDD deployment is to apply different TDD frame structures for outdoor macro network and indoor hotspot in the same frequency carrier to fit the different UL/DL traffic statistic ratios. In this scenario, it is highly probable that the macro gNBs and indoor gNBs are from different vendors, so specification support may be needed to handle the inter-gNB CLI in this scenario. Thus, some backhaul signalling enhancement should be considered to support inter-vendor cooperation.
Proposal 13: For coordinated scheduling for inter-gNB intra-subband CLI handling, support to enhance the backhaul signaling to exchange necessary information, e.g., scheduling information in time-domain, frequency-domain and power domain.
[bookmark: _Hlk110417271]3.3 UE and gNB transmission and reception timing
As the illustration of Figure 2, due to the TA of UE UL transmission, for victim gNB, the timing between the received UL transmission of target UEs and the CLI interference from aggressor gNB is not aligned, e.g., , which will complicate the inter-gNB CLI mitigation as well as the UL reception. 


[bookmark: _Ref127131207]Figure 2. Unalignment between UE and gNB transmission and reception timing
To effectively mitigate CLI from aggressor gNB, some methods could be considered to align the timing between the received UL transmission of target UE and the DL reception of CLI interference from aggressor gNB. The following methods were proposed by companies in the last meeting.
· Option 1: Configure proper  via information n-TimingAdvanceOffset in SIB1, e.g., set  or define negative 
· Option 2: Exchange timing synchronization assistance information between gNBs
· Option 3: Use enhanced RS signal, e.g., RS with longer CP similar to RIM-RS
Among these solutions, Option 2 needs further clarification about how to handle receiving timing misalignment based on the exchanged timing synchronization assistance information between gNBs and also about the details of the assistance information. In addition, even if gNB exchanges timing synchronization assistance information, the difference between inter-gNB CLI measurement timing and UL reception timing is also larger than CP. For Option 3, a long enough CP needs to be introduced to cover the timing difference between the received UL transmission of target UE and the DL reception of CLI from aggressor gNB, e.g., the length of CP is larger than 13us. While in the current specification, the NCP is 4.69us under 15kHz SCS. The introduction of longer CP will introduce more overhead as well as impact the coexistence with existing NR signals/channels. Specifying new RS will also need more standard efforts. In addition, it is not clear whether or how to apply Options 2 and 3 in the scenario of multiple aggressor gNBs.
Compared to Options 2 and 3, Option 1 is much simpler and with little standard effort, where  has been supported in the current specification. At the same time, due to the significant proportion of  in the total timing difference, the  solution can be applied to the scenario of multiple aggressor gNBs because the propagation delays from aggressor gNBs to victim gNB are mostly within CP. In addition, for SBFD systems, a similar timing misalignment issue also exists between the DL subband transmission and UL subband reception to increase the gNB self-interference. So, Option 1 is a common solution that can be used to align UE and gNB transmission and reception timing in both dynamic TDD and SBFD scenarios. 
Based on the above analysis, we support to configure proper  via information n-TimingAdvanceOffset in SIB1, e.g., set  or define negative .
Proposal 14: For inter-gNB intra-subband CLI handling, UE and gNB transmission and reception timing alignment can be further studied, e.g., set  via information n-TimingAdvanceOffset or define negative .
4. Conclusions
In this contribution, the study on potential enhancements on flexible/dynamic TDD are discussed and the following proposals are made.
Inter-UE CLI handling
Proposal 1: For L1/L2 based periodic inter-UE CLI reporting, how to reduce the CLI report overhead should be studied.
Proposal 2: For L1/L2 based semi-persistent/aperiodic inter-UE CLI reporting, the information exchange time between gNBs should be considered for the design of CLI measurement and reporting timeline.
Proposal 3: For L1/L2 based semi-persistent/aperiodic inter-UE CLI reporting, the detailed SRS resource triggering signaling and report resource indication signaling should be studied, as well as how to reduce the signaling overhead.
Proposal 4: For L1/L2 based inter-UE CLI measurement and reporting, event triggered reporting can be supported. The following reporting triggering method can be further studied as examples:
· For L1 based event triggered reporting, SR resource can be used for UE to inform gNB the CLI measurement results reporting and PUCCH can be used as reporting resource.
· Foe L2 based event triggered reporting, MAC-CE on CG PUSCH can be used by UE to convey measurement results.
Proposal 5: For L1/L2 based inter-UE CLI measurement and reporting, the priority of CLI reports relative to the existing CSI reports should be studied.
Proposal 6: For L1/L2 based inter-UE co-channel CLI measurement and reporting, support to study subband measurement and reporting, i.e., support finer frequency granularity of CLI measurement and reporting.
Proposal 7: For coordinated scheduling for inter-UE intra-subband CLI handling, support to enhance the backhaul signaling to exchange necessary information, e.g.,
· Example 1 (2-step negotiation): CLI-SRS resource configuration and the request for scheduling avoidance of the aggressor UE (associate with certain CLI-SRS index) at certain pre-configured resources in time/frequency domain
· Example 2 (3-step negotiation): CLI-SRS resource configuration, the request for scheduling information of the aggressor UE (associate with certain CLI-SRS index) and the information of pre-choregraphed scheduling information of the aggressor UE (associate with certain CLI-SRS index)
· Example 3 (1-step negotiation): CLI-SRS resource configuration and the corresponding pre-configured candidate DL resources subset for the associated aggressor UE
Proposal 8: For coordinated scheduling for inter-UE intra-subband CLI handling in spatial domain, victim UE can report the recommended beams along with the CLI measurement results.
Proposal 9: For applying separate open-loop/closed-loop power control parameters with co-channel CLI and without co-channel CLI:
· Different open-loop power control parameters can be configured.
· Enhancement on closed-loop state configuration or indication in default closed-loop state case, e.g., PUSCH scheduled by fallback DCI or normal DCI without SRI indication.
Inter-gNB CLI handling
Proposal 10: For inter-gNB intra-subband CLI measurement and reporting, RSSI-like measurement can also be supported.
Proposal 11: For inter-gNB intra-subband CLI measurement and reporting, the transmission of different aggressor gNBs are coordinated on different RSSI resources/occasions in TDM/FDM manner.
Proposal 12: For enhancement of gNB-to-gNB co-channel CLI measurement and/or channel measurement, support the non-transparent UL resource muting method.
Proposal 13: For coordinated scheduling for inter-gNB intra-subband CLI handling, support to enhance the backhaul signaling to exchange necessary information, e.g., scheduling information in time-domain, frequency-domain and power domain.
Proposal 14: For inter-gNB intra-subband CLI handling, UE and gNB transmission and reception timing alignment can be further studied, e.g., set  via information n-TimingAdvanceOffset or define negative .
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