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In RAN#96 meeting, a revised SID [1] on NR duplex evolution has been endorsed, in which enhancements on dynamic/flexible TDD is one of the objectives. During RAN1#109-e meeting, discussion scope division among different agenda items were discussed with guideline for future meetings [2]. More specifically, the potential gNB-to-gNB and UE-to-UE CLI handling schemes that are specific for dynamic/flexible TDD and schemes that are common for both SBFD and dynamic/flexible TDD will be handled under AI 9.3.3. Some detailed schemes of gNB-to-gNB and UE-to-UE CLI handling were also discussed in RAN1#110 and 110bis-e meetings. 
In this contribution, we provide our further analysis on potential enhancements on dynamic/flexible TDD in Rel-18, including CLI handling schemes that are specific for dynamic/flexible TDD and schemes that are common for both SBFD and dynamic/flexible TDD. 
Overview
Typical Scenario and Interference
[bookmark: OLE_LINK10]According to the discussion of AI 9.3.1 in RAN1#109-e meeting, HetNet is an important scenario, in which Urban Macro and Indoor office are deployed in the same carrier. Macro gNBs use DL dominant static TDD UL/DL configuration, while Indoor gNBs is configured with UL dominant frame structure by either static TDD UL/DL configuration or dynamic/flexible TDD UL/DL assignment. 
[bookmark: OLE_LINK5]As a deployment example shown in Figure-1, a Macro cell and another Micro cell are deployed in the same carrier with frame structure ‘DDDSU’ and ‘DSUUU’, respectively. The legacy mechanism of TDD frame structure configuration can be reused for both of them. And, there are mainly two types of inter-cell co-channel interference, i.e., gNB-to-gNB inter-cell co-channel interference and UE-to-UE inter-cell co-channel interference as also defined in our contribution [5]. 
[image: ]
Figure-1: Inter-cell co-channel interference under a typical deployment
[bookmark: OLE_LINK11]Similarly, if different cells are deployed in adjacent channels, there will be two types of adjacent channel interference for cells with different frame structures. More specifically, they are gNB-to-gNB adjacent-channel interference and UE-to-UE adjacent-channel interference as also defined in our contribution [5]. 
When studying the interference for dynamic/flexible TDD, different solutions may have different impacts on the macro base station and micro base station. Generally speaking, macro base stations are deployed earlier than the micro base stations, the impacts to the legacy macro base stations should be minimized.
Proposal 1: During the Rel-18 CLI handling study, the impact to the legacy macro base stations should be minimized. 
Existing mechanisms
During NR Rel-16, UE-to-UE CLI and RIM handling for NR were standardized for TDD. 
· [bookmark: OLE_LINK4]Rel-16 UE-to-UE CLI
L3-based measurement/reporting on SRS-RSRP and CLI-RSSI are defined for evaluating interference strength among UEs. In addition, only wideband CLI measurement/reporting is supported. 
The TA value applied to the SRS transmission for the SRS-RSRP measurement for another UE is the same as the latest TA for regular UL symbols transmitted to the gNB. For UE which performs the SRS-RSRP measurement, the reception timing of the SRS may not be aligned with its own DL reception timing. The offset between the SRS reception timing and the DL reception timing may change according to the movement of the UE. However, a constant offset relative to the DL reception timing is used for SRS measurement in Rel-16 CLI, and the constant offset is derived by UE implementation.
In addition, semi-static DL/UL configuration can be exchanged between gNB for facilitating network coordination. 
· Rel-16 RIM
The related design focuses on mitigating the impact of gNB-to-gNB remote interference, which is caused by atmospheric ducting phenomenon. 
A new type of RS, i.e., RIM-RS is introduced for remote interference measurement. And the functionalities of the RIM-RS are to provide information on whether the atmospheric ducting phenomenon exists for assisting the aggressor to identify how many UL OFDM symbols at victim is impacted. Further, the ‘set ID’ of victim or aggressor will also be carried on the RIM-RS to enable the information exchange through backhaul. 
The RIM-RS takes effect under different frameworks, which are defined for coordination of remote interference among the aggressor and the victim. And the gNB (aggressor or victim) will be provided with the monitoring information of the RIM-RS and corresponding report configuration via its OAM. 
[bookmark: OLE_LINK3]Then, remote interference mitigation schemes can be applied at aggressor after detecting RS(s) sent by the victim. Meanwhile, a victim gNB may also take actions to mitigate remote interference. However, the specific schemes, such as, time/frequency/spatial/power-domain based mitigation schemes, depend on the gNB implementation. 
Rel-16 RIM focuses on gNB-to-gNB remote interference, which has its own characteristics. For example, the remote interference is caused by accumulated signals from a number of remote base stations with different distances, which can be up to hundreds of kilometers. So the IoT of the victim base station changes slowly and it demonstrates like a "sloping". In addition, the remote interference is usually reciprocal. That is, aggressor base station can also receive interference from victim base stations. Therefore, the interference coordination framework is relatively static, and reference signals need to meet the measurement requirements in long-distance transmission. However, the typical dynamic/flexible TDD scenario of the Rel-18 may have different features. Therefore, the related design needs to be updated accordingly.
In RAN1#110bis-e meeting, RAN1 agreed to not discuss potential enhancement to Rel-16 RIM for gNB-to-gNB co-channel CLI handling further. In any case, similar mechanism as Rel-16 RIM framework may be developed for Rel-18 dynamic TDD.
	Conclusion
· No further discussion for potential enhancement to Rel-16 RIM for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.



Overall, the Rel-16 UE-to-UE CLI should be considered as a starting point for any further enhancements to avoid having duplicated features. But some enhancements specific for dynamic TDD are still needed. The detailed enhancement direction will be discussed in section 3 and section 4, and some required information exchange between gNBs are summarized in section 5.
[bookmark: OLE_LINK15]Proposal 2: Take the existing CLI handling schemes defined in the Rel-16 as a starting point for Rel-18 enhancements on dynamic/flexible TDD. 
gNB-to-gNB CLI handling
CLI handling framework
[bookmark: OLE_LINK1]As a typical deployment described in section 2.1, gNB-to-gNB CLI may be asymmetric according to specific frame structure configuration, i.e., only from a Macro gNB to Micro gNB. In this scenario, it is highly likely that the Macro gNB and Micro gNB are from different vendors. Therefore, it is necessary to define a unified framework for CLI handling among these gNBs. 
Regarding the framework of gNB-to-gNB CLI handling, the following requirements should be considered: 
1. Victim identifies interference sources and information required for CLI handling effectively
2. Victim feedbacks the information required by aggressor for CLI handling 
3. Victim feedbacks the CLI mitigation effect of different CLI handling schemes
As depicted in Figure-2, an enhanced framework can be considered for Rel-18 dynamic/flexible TDD for CLI handling between victim and aggressor . The interaction procedures for the proposed framework are summarized below. 
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Figure-2: Proposed Framework for Rel-18 gNB-to-gNB CLI handling
· Step 0: Interference identification. 
The victim identifies gNB-to-gNB CLI basing on measurement of transmission (e.g., SSB, CSI-RS or other measurement resource) from the aggressor. It is worth noting that due to different power levels between Macro gNB and Micro gNB, the measurement RS should be transmitted by the aggressor (i.e., Macro gNB), and measured by the victim (i.e., Micro gNB). 
The main purpose of interference identification is to determine the high-interference gNB (aggressor) as well as high-interference beam. Further, channel state information for the interference channel can also be obtained through the estimation of measurement RS. 
· Step 1: Victim indicates interference information (e.g., index of high-interference beam, channel state information for the interference channel, etc) identified from Step 0 to aggressor via RS-1 or backhaul between victim and aggressor. 
As the victim may be a Micro gNB with lower transmit power than aggressor (e.g., a Macro gNB). So, the interference information may not be indicated via RS from victim to aggressor reliably. Considering that victim and aggressor are adjacent cells in the Rel-18 typical scenario. Thus, it is likely that there are backhaul links between them. Therefore, another possible option is to transmit the interference information via backhaul directly. 
· Step 2: The victim starts to monitor RS-2 from the aggressor once it transmits the interference indication in Step 1, though the aggressor may not start to transmit RS-2 yet.
· Step 3: Aggressor starts to perform CLI handling schemes. 
At least one of CLI handling through time/frequency domain coordinated scheduling, spatial domain coordination and power domain coordination can be performed. 
· Step 4: Aggressor transmits RS-2, which is used to assist the victim to decide whether/which solution can mitigate the gNB-to-gNB interference effectively. 
For example, a set of RS-2 with different powers can be transmitted. The victim may determine an effective interference control solution by identifying interference levels of the RS-2 on different time-frequency resources.
· Step 5: Potential feedback can be transmitted by victim via either RS-3 or backhaul in this step. For example, indicating whether/which solution can mitigate the gNB-to-gNB interference effectively. 

[bookmark: OLE_LINK12]Proposal 3: Rel-18 dynamic/flexible TDD can consider the following framework for CLI management, 
· Step 0: The victim identifies gNB-to-gNB CLI based on measurement of transmission RS-0 from the aggressor (e.g., SSB, CSI-RS or other measurement resource);
· Step 1: The victim indicates interference information identified from Step 0, e.g., index of high-interference beam, channel state information for the interference channel, etc, to the aggressor via either RS-1 or backhaul; 
· Step 2: The victim starts to monitor RS-2 from the aggressor to evaluate and obtain the CLI mitigation effect of the different CLI handling schemes;
· [bookmark: OLE_LINK13]Step 3: The aggressor starts to perform CLI handling schemes, e.g., spatial domain coordination according to the interference information; 
· Step 4: The aggressor transmits RS-2, which is used to assist the victim to decide whether/which solution can mitigate the gNB-to-gNB interference effectively; 
· Step 5: The victim feedbacks the CLI mitigation effect of the different CLI handling schemes.

Measurement resources
[bookmark: OLE_LINK9]In RAN1#110bis-e meeting, the following agreement about DL channel(s)/signal(s)/measurement_resource(s) used for gNB-to-gNB co-channel CLI measurement was agreed [3]: 
	Agreement
For gNB-to-gNB co-channel CLI measurement, consider as baseline reusing existing DL channel(s)/signal(s)/measurement_resource(s)
· For example, SSB, NZP/ZP-CSI-RS, DMRS for PDCCH/PDSCH, CSI-IM, RSSI measurement resource, etc.
· FFS: Which type of DL channel(s)/signal(s) can be used for gNB-to-gNB co-channel CLI measurement
· FFS: How resources are used/configured



· RSRP measurement
For RSRP measurement, it is necessary to define the reference signal used for the measurement. Compared with RSSI measurement, it has the advantage of identifying interference sources, but the disadvantage is that it can only be used for intra-frequency CLI measurement, e.g., intra-subband CLI measurement. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK6]For identifying interference sources, i.e., aggressor and beams with high CLI from the aggressor, it is appropriate to reuse SSB or NZP-CSI-RS as measurement RS for the RSRP measurement. 
For gNB-to-gNB CLI measurement in Rel-16 RIM, RIM-RS is defined for remote interference measuring. However, gNB-to-gNB CLI for Rel-18 dynamic/flexible TDD typically only occurs among gNBs close with each other. It is not necessary to reuse RIM-RS, which is designed to adapt to measurement of remote interference. And it occupies many resources (2 consecutive symbols and 96 RBs for 15 or 30 kHz SCS or 48 RBs for the 30 kHz SCS) and is not suitable for frequent transmission. 
Observation 1: RIM-RS in Rel-16 RIM is designed for measurement of remote interference, which is not suitable for frequent transmission due to its large resource overhead. 
Regarding DMRS of PDCCH/PDSCH, if it is unicast PDCCH/PDSCH, the specific scheduling information as well as some UE specific RRC configurations, e.g., scrambling ID, etc, need to be exchanged between gNBs dynamically, which is unrealistic. If DMRS of broadcast PDCCH/PDSCH (e.g., SIB1, Paging, etc.) is used, the DMRS are usually QCLed with SSB. Therefore, measurement of SSB directly seems more reasonable. 
· RSSI measurement
For RSSI measurement, it can base on a measurement resource and the measurement result represents received signal strength on the measurement resource. The interference source cannot be distinguished. However, the advantage is that it can be used for intra-frequency CLI and adjacent-frequency CLI measurement, e.g., inter-subband CLI measurement. 
Proposal 4: Both of RSRP and RSSI measurement can be supported for gNB-to-gNB CLI, 
· For RSRP measurement, SSB or NZP-CSI-RS are reused as the measurement RS. And the existing time and frequency domain resource configuration information for SSB and CSI-RS can be reused for configuring the measurement resource.
· For RSSI measurement, the existing configuration scheme of RSSI measurement resource can be reused. 

Tx/Rx timing adjustment for CLI measurement
[bookmark: OLE_LINK19]In RAN1#110bis-e meeting, the following proposal about victim gNB reception timing adjustment for ensuring accurate CLI measurement was discussed [4]: 
	Moderator Proposal #1-9-1
· Study whether/how to operate victim gNB reception timing adjustment and/or UE transmission timing adjustment better CLI handling, e.g., for ensuring accurate CLI measurement result of at least reference signal based CLI measurement scheme and/or interference mitigation for PUSCH reception



Timing determination is a key issue especially for RSRP measurement, which should be further considered. Aggressor will transmit measurement RS according to its normal DL transmission timing as the measurement RS is shared for its UEs. Then, victim may be required to adjust its receiving timing by considering timing difference and transmission delay between the aggressor and the victim for better measurement performance. 
As an example, shown in Figure-3, SSB is served as the measurement RS. The measurement resource will be determined according to time domain location of transmitted SSBs in aggressor cell, DL Tx timing difference (T1) between the aggressor and the victim, and transmission delay (T2) between the aggressor and the victim. As defined in [7], the maximum absolute deviation in frame start timing between any pair of TDD cells on the same frequency that have overlapping coverage areas is 3 µs, i.e., T1 ≤ 3us. Regarding T2, about 1.67 µs is required under the deployment scenario of Urban Macro with 500 m inter-BS distance. Both T1 and T2 need to be considered during the CLI measurement.
[image: ]
Figure-3: Measurement resource determination
Proposal 5: For better measurement accuracy, the timing of victim for measurement RS reception should be determined by considering timing difference and transmission delay between aggressor gNB and victim gNB. 

Muting resource operation
In RAN1#110bis-e meeting, the following agreement about further study UL rate matching/cancellation/muting operation was agreed [3]: 
	Agreement
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting based gNB-gNB CLI handling schemes including both UE transparent and non-UE transparent schemes is applied or not.



If a victim gNB perform the downlink transmission on the measurement resources for gNB-to-gNB CLI measurement, it is obviously that the measurement result will be seriously affected by his own downlink transmission. Therefore, measurement resources are unavailable for victim downlink transmission. In NR, DL rate matching is used to avoid the impact of the CSI measurement from the other DL transmission. For example, the rate matching is performed around the ZP CSI-RS and the transmitted SSB. 
[bookmark: OLE_LINK16]The similar mechanism can be used here. That is, DL rate matching can be performed by victim around SSB or CSI-RS transmitted by aggressor for gNB-to-gNB CLI measurement. 
Proposal 6: DL rate matching can be performed by victim gNB around SSB or CSI-RS transmitted by aggressor gNB for gNB-to-gNB CLI measurement. 

In addition, if the UE transmits UL signal on the measurement resources, the CLI measurement result may be affected. Therefore, it is better not to perform the uplink transmission on the measurement resources to avoid to interfere CLI measurement. And a similar rate matching mechanism can be introduced for UL transmission. That is, a UE can be configured with some resource of CLI measurement RS, and the UE shall assume the symbols occupied by resource are not available for the UL transmission. 
Alternatively, UL cancellation mechanism defined for UL inter-UE multiplexing can be considered for avoiding UL interference to gNB-to-gNB CLI measurement. The potential problem is that the resource granularity indicated by the current UL cancellation is slightly rough, and some enhancement of indication accuracy can be studied.
[bookmark: OLE_LINK8]Proposal 7: Regarding UL resource muting, UL rate matching/cancellation mechanism can be defined for more accurate gNB-to-gNB co-channel interference measurement. 

The rate matching resource for downlink/uplink transmission can be determined according to the measurement resources described in section 3.2 and 3.3. 
[bookmark: OLE_LINK17]Furthermore, considering the downlink/uplink transmission on the adjacent frequency domain resources of the measurement resources may also cause interference to the measurement, e.g., leakage from the adjacent RB, so a certain guard bands need to be reserved on both sides of the measurement resources for determined the resource of UL rate matching.
[image: ]
Figure-4: Rate matching resource determination
Proposal 8: Regarding UL resource muting, the rate matching resource for downlink/uplink transmission can be determined according to the measurement resources.
· FFS whether a certain guard bands need to be reserved on both sides of the measurement resources for avoiding adjacent frequency interference (e.g., leakage from the adjacent RB). 

Spatial domain coordination
[bookmark: OLE_LINK18]In RAN1#110bis e-meeting, the following agreement about spatial domain coordination method for gNB-to-gNB co-channel CLI handling was agreed [3]: 
	Agreement
For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beams pairings between gNBs
· Beam nulling between gNBs
· Beam pairing between gNBs
· Other schemes are not precluded. 



The potential CLI handling solution in spatial domain can be performed by aggressor, including, avoiding using high-interference beam in time/frequency domain resource, or adjusting the beamforming of the DL transmission by considering the channel state information of the interference channel, etc. Some spatial domain information related to interference channel can be exchanged from victim to aggressor, such as, index of high-interference beam, channel state information, and other feedback from victim to aggressor. 
Proposal 9: Spatial domain coordination can be considered by aggressor gNB for handling gNB-to-gNB CLI, e.g., 
· avoidance of high-interference beam in time/frequency domain resource, 
· adjusting the beamforming of the DL transmission by considering the channel state information of the interference channel, etc. 

Power control based solution
In RAN1#110bis-e meeting, the following proposal about power domain solution for gNB-to-gNB co-channel CLI handling was discussed [4]: 
	Moderator Proposal #1-3
· Study the feasibility and potential benefits of power domain solution for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of gNB Tx power adjustment
· Details of UE Tx power control 
· Relevant information exchange



For both of co-channel and adjacent-channel gNB-to-gNB CLI, it occurs in the areas configured with different uplink and downlink resource attributes (three slots in the middle as shown in Figure-5), and the interference levels on different resources sets may be different according to different downlink transmissions from aggressor. 
· Enhanced UE Tx power control
One way to accommodate this is to divide resources with different interference levels into multiple areas and make each area correspond to a dedicated UL power control parameter set. The resources contained in each area can be indicated by DCI or high layer signaling. For example, a DCI format can be defined similar as UL cancellation, where multiple resource indication fields correspond to multiple areas one by one respectively. The power control parameters set can be either open-loop power control parameter (e.g., P0, alpha) or closed-loop power control parameter (e.g., TPC table). The power of an UL transmission will be determined according to the power control parameters set corresponding the area where the UL transmission is located.
[image: ]
Figure-5: Different interference levels on different resource sets
Proposal 10: Resources with different interference levels can be divided into multiple areas and each area is mapped with a dedicated power control parameter set for compensating the interference from aggressor with different levels. 
· [bookmark: OLE_LINK22]The resources contained in each area can be indicated by DCI or high layer signaling. 

· Enhanced gNB Tx power adjustment
Another way to reduce gNB-to-gNB CLI is to reduce the downlink transmission power of the aggressor on resource that is adjacent to UL. Then, one question to be discussed further is whether to allow power change for measurement reference signals such as SSB/CSI-RS. If the change is supported, path loss calculation or measurement filtering of the UE is affected, and the UE needs to know the power changes of SSB/CSI-RS transmission on different time domain location resources.
On the other hand, if the power of measurement reference signal remains the same, only the power of the data transmission is changed. In this case, the power offset (e.g., powerControlOffset under NZP-CSI-RS-Resource) between the PDSCHs and the CSI-RS are different in different time domain resources, and multiple sets of power offset need to be maintained, which may also complicate UE processing. 
Proposal 11: Further study the feasibility and potential gain for mitigating gNB-to-gNB CLI through DL transmission power reduction. 

[bookmark: OLE_LINK7]UE-to-UE CLI handling
From our point of view, most of mechanisms defined in Rel-16 CLI can be reused for UE-to-UE CLI in Rel-18 dynamic/flexible TDD. SRS-RSRP and CLI-RSSI measurement with enhancement of L1-based reporting can be used for UE-to-UE CLI in Rel-18. Considering the difference between typical deployments in Rel-16 and Rel-18 dynamic/flexible TDD, another potential enhancement may be timing alignment for the measurement RS transmission. In addition, power control based solution can also be further considered. 
L1-based CLI reporting
In RAN1#110bis-e meeting, the following agreements about L1/L2 based UE-to-UE CLI measurement and reporting were agreed [3]: 
	Agreement
For UE-to-UE co-channel CLI measurement, consider as baseline reusing existing channel(s)/signal(s)/measurement_resource(s)
· For example, SRS resources defined in Rel-16 for SRS-RSRP measurement, CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement
· FFS required potential enhancements
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)



In Rel-16 CLI, the L1 reporting and L3 reporting for CLI were discussed. Finally, the L3 reporting for CLI was supported due to the limited time budget. For the L3 reporting for CLI, the RRM measurement and reporting mechanism are reused. The network configures measurement resources and the report configuration for the UE. The UE may measure the configured resources to obtain the measurement results. Then the UE may report the measurement results periodically or triggered by an event by using RRC signaling after performing the L3 filtering for the measurements results. 
Compared with L3 reporting, there is no L3 filtering for the measurement results for L1 reporting. In addition, L1 reporting has the low reporting latency. Therefore, it can reflect the short-term interference and the interference change better. In addition, the L1 reporting is more frequent than L3 reporting generally. From this perspective, L1 reporting is more suitable for dynamic/flexible TDD operation since the interference changes dynamically in dynamic/flexible TDD operation. 
Observation 2: L1 reporting has the low reporting latency and can be more frequent than L3 reporting, which can reflect the short-term interference and the interference change better. 

For L1 reporting for CLI, the mechanism of CSI reporting can be reused. The resources for channel measurement and interference measurement and the reporting configuration are configured by the network for CSI report. To minimize the specification efforts, the current resources configuration for L3 reporting configured by the network can be reused for L1 reporting for CLI. The network just needs to configure a reporting configuration for CLI for the UE and further associate the reporting configuration and the configured resources. Most of the reporting configuration for CSI reporting can be reused. Then the UE can report the SRS-RSRP or CLI-RSSI on the PUCCH or PUSCH. 
In current specification, aperiodic reporting is supported for CSI reporting. It can reduce the reporting resource overhead and measurement effort since the gNB can trigger the reporting only when it is needed. If CSI reporting mechanism is reused for CLI, aperiodic CLI reporting can also be considered to reduce the resource overhead. When the gNB want to schedule a UE or get the interference state, it can trigger the aperiodic CLI reporting. 
In addition, some issues should be resolved if L1 reporting for CLI is supported, e.g., whether/how the L1 reporting and L3 reporting for the CLI co-exist with each other. 
Proposal 12: L1-based reporting for UE-to-UE CLI should be considered for Rel-18 dynamic/flexible TDD.
· The current CSI reporting mechanism can be reused.
· Aperiodic CLI reporting can be supported to reduce the reporting overhead and measurement effort.
· FFS: whether/how the L1 reporting and L3 reporting for the CLI co-exist with each other.
[bookmark: OLE_LINK21]
In Rel-16 CLI, only wideband CLI measurement and reporting is supported. Considering that interference in Rel-18 full duplex may have a non-uniform feature, wideband CLI measurement and reporting may fail to reflect the changes of interference in different frequency resources. Therefore, it is necessary to introduce a finer frequency domain measurement granularity, for example, subband CLI measurement and reporting. 
Observation 3: Wideband CLI measurement and reporting may fail to reflect the changes of inter-subband interference in different frequency resources. 

For supporting subband CLI measurement and reporting, the current mechanism of subband CQI/PMI measurement and reporting can be considered as a starting point. A further research direction is impact of introduction of the UL subband on existing mechanism, for example, configuration and determination of the measurement subband size, and measurement reporting overheads reduction, etc.
Proposal 13: Further study subband CLI measurement and reporting for UE-to-UE CLI handling, e.g., configuration and determination of the measurement subband size and measurement reporting overheads reduction, etc.

Enhancement for CQI reporting
Accurate CQI and CLI report are essential for network’s scheduling since gNB performs scheduling based on UE’s CQI and CLI report. When UE performs CQI measurement, the CLI will impact the measurement accuracy. For example, in case of strong CLI, UE may report low CQI to the gNB to indicate the realistic channel state. However, if gNB can avoid/mitigate the CLI to some extent, a better CQI will be used by the gNB and gNB expects UE to report a CQI in case of no CLI. From this perspective, both of the CQI without CLI and CQI with CLI are beneficial to the network. Take the following figure as an example, UE#1 performs CSI-RS measurement in slot 2 and slot 3, in which UE#1 experiences CLI from UE#2. In slot#2, UE#2 can perform UL muting to the corresponding CSI-RS resource of UE#1. In slot#3, there is no UL muting for UE#2 thus UE#1 can measure the CQI with CLI. After the measurement, UE#1 will send the CQI report without CLI (i.e., CQI measured in slot#2) and CQI report with CLI (i.e., CQI measurement in slot 3) to the gNB.


Figure-6: CQI with CLI and CQI without CLI
Proposal 14: Both the CQI with CLI and CQI without CLI (e.g., CQI measured in case of aggressor’s muting) are reported to the gNB.
Timing alignment
In RAN1#110bis-e meeting, the following proposal about reception timing of SRS from aggressor UE for SRS-RSRP measurement was discussed [4]: 
	Moderator Proposal #2-9-1
Study whether/how to enhance SRS-RSRP measurement accuracy considering on reception timing of SRS from aggressor UE for SRS-RSRP measurement
· Note: if study of L1/L2 based CLI measurement is agreed, above is modified as following.
· For UE-to-UE co-channel CLI handling, study whether/how to enhance CLI measurement accuracy considering reception timing at victim UE for CLI measurements



As shown in Figure-7, UL transmission from UE1 under Micro cell will interfere DL reception of UE2 under Macro cell by assuming the UL and the DL transmission are overlapped. T1, T2 and T3 represent the unidirectional transmission time between UE1 and Micro gNB, between Macro gNB and UE2, and between UE1 and UE2, respectively. 
[image: ]
Figure-7: Timing issue for measurement RS for UE-to-UE CLI
Then, the UE1 transmits SRS according to its normal UL transmission timing. The SRS arrives to the UE 2 earlier than the DL signal from the Macro gNB and there is a time offset between the SRS reception timing and the DL reception timing at the UE2. More specifically, the normal uplink transmission timing at UE1 is T1+T0 before downlink transmission timing at BS side, wherein, T0 is [image: ] of Micro cell, and the reception timing at UE2 is T3 after the transmission by UE1. While for normal downlink reception timing at UE2 is T2 after the downlink transmission timing at BS side. So the time offset between the SRS reception and the DL reception at UE2 is equal to T1+T0-T3+T2. 
In Rel-16 CLI, the time offset is derived by UE implementation. However, UE2 cannot derive the time offset accurately by itself, especially in the typical deployment of Rel-18 dynamic/flexible TDD showed in Figure-1. Therefore, potential solutions on timing alignment should be reconsidered in Rel-18. 
Observation 4: The UE is difficult to derive the reception timing accurately for UE-to-UE CLI measurement without any information exchange, especially in the typical deployment, e.g., HetNet, of Rel-18 dynamic/flexible TDD. 
[bookmark: OLE_LINK23]Proposal 15: Timing alignment solution on measurement RS transmission for UE-to-UE CLI should be considered in Rel-18. For example, exchange timing related information for reception of measurement RS. 

Power control based solution
[bookmark: OLE_LINK20]In RAN1#110bis-e meeting, the following proposal about power domain solution for UE-to-UE co-channel CLI handling was discussed [4]: 
	Moderator Proposal #2-3 
· Study the feasibility and potential benefits of power control based solution for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of power control based solution
· Relevant information exchange



Similar as power domain solution for gNB-to-gNB co-channel CLI handling, enhanced UL power control can also be supported for UE-to-UE CLI handling. More specifically, UL transmission resources can be divided into multiple areas and each area is mapped with a dedicated power control parameter set to ensure that the interference to other UEs is within the acceptable range. The resources contained in each area can be indicated by DCI or higher layer signaling. Similar methods as described in section 3.6 can also be used here, through which the gNB can flexibly perform gNB-to-gNB CLI or UE-to-UE CLI handling. While for DL power control, feasibility and potential gain should be further investigated for mitigating UE-to-UE CLI. 
Proposal 16: The unified UL power control solution applied to both of gNB-to-gNB CLI and UE-to-UE CLI handling can be considered. 

Information Exchange between gNBs
To implement the enhanced solution described above, the following information potentially needs to be exchanged via OTA signal or backhaul between gNBs.
· [bookmark: OLE_LINK14]Measurement resource configuration for gNB-to-gNB CLI from aggressor to victim, e.g., existing time and frequency domain resource configuration information for SSB and CSI-RS
· Interference information, e.g., index of high-interference beam, channel state information, and other feedback from victim to aggressor
· Interference mitigation indication for gNB-to-gNB CLI from victim to aggressor
· Timing information for measurement resource and rate matching resource determination
· Measurement resource configuration for UE-to-UE CLI from gNB of aggressor to gNB of victim, e.g., SRS resource for SRS-RSRP measurement, measurement resource for CLI RSSI measurement. 
· Timing related information for reception of measurement RS under UE-to-UE CLI 
Proposal 17: Some information can be considered to be exchanged via OTA signal or backhaul between gNBs for better gNB-to-gNB/UE-to-UE CLI handling, such as, measurement resource configuration, interference information feedback, interference mitigation indication, and timing information for measurement/rate matching resource determination. 

Conclusion
In this contribution, we provide our analysis for potential enhancements on Rel-18 dynamic/flexible TDD and make the following observations and proposals.
Overview
Proposal 1: During the Rel-18 CLI handling study, the impact to the legacy macro base stations should be minimized. 
Proposal 2: Take the existing CLI handling schemes defined in the Rel-16 as a starting point for Rel-18 enhancements on dynamic/flexible TDD. 

gNB-gNB CLI handling 
Proposal 3: Rel-18 dynamic/flexible TDD can consider the following framework for CLI management, 
· Step 0: The victim identifies gNB-to-gNB CLI based on measurement of transmission RS-0 from the aggressor (e.g., SSB, CSI-RS or other measurement resource);
· Step 1: The victim indicates interference information identified from Step 0, e.g., index of high-interference beam, channel state information for the interference channel, etc, to the aggressor via either RS-1 or backhaul; 
· Step 2: The victim starts to monitor RS-2 from the aggressor to evaluate and obtain the CLI mitigation effect of the different CLI handling schemes;
· Step 3: The aggressor starts to perform CLI handling schemes, e.g., spatial domain coordination according to the interference information; 
· Step 4: The aggressor transmits RS-2, which is used to assist the victim to decide whether/which solution can mitigate the gNB-to-gNB interference effectively; 
· Step 5: The victim feedbacks the CLI mitigation effect of the different CLI handling schemes.
Observation 1: RIM-RS in Rel-16 RIM is designed for measurement of remote interference, which is not suitable for frequent transmission due to its large resource overhead. 
Proposal 4: Both of RSRP and RSSI measurement can be supported for gNB-to-gNB CLI, 
· For RSRP measurement, SSB or NZP-CSI-RS as the measurement RS. And the existing time and frequency domain resource configuration information for SSB and CSI-RS can used for configuring the measurement resource.
· For RSSI measurement, the existing configuration scheme of RSSI measurement resource can be used. 
Proposal 5: For better measurement accuracy, the timing of victim for measurement RS reception should be determined by considering timing difference and transmission delay between aggressor and victim. 
Proposal 6: DL rate matching can be performed by victim around SSB or CSI-RS transmitted by aggressor for gNB-to-gNB CLI measurement. 
Proposal 7: UL rate matching/cancellation mechanism can be defined for more accurate gNB-to-gNB co-channel interference measurement. 
Proposal 8: Regarding UL resource muting, the rate matching resource for downlink/uplink transmission can be determined according to the measurement resources.
· FFS whether a certain guard bands need to be reserved on both sides of the measurement resources for avoiding adjacent frequency interference (e.g., leakage from the adjacent RB). 
Proposal 9: Spatial domain coordination can be considered by aggressor for handling gNB-to-gNB CLI, e.g., 
· avoidance of high-interference beam in time/frequency domain resource, 
· adjusting the beamforming of the DL transmission by considering the channel state information of the interference channel, etc. 
Proposal 10: Resources with different interference levels can be divided into multiple areas and each area is mapped with a dedicated power control parameter set for compensating the interference from aggressor with different levels. 
· The resources contained in each area can be indicated by DCI or high layer signaling. 
Proposal 11: Further study the feasibility and potential gain for mitigating gNB-to-gNB CLI through DL transmission power reduction. 

UE-to-UE CLI handling
Observation 2: L1 reporting has the low reporting latency and can be more frequent than L3 reporting, which can reflect the short-term interference and the interference change better. 
Proposal 12: L1-based reporting for UE-to-UE CLI should be considered for Rel-18 dynamic/flexible TDD.
· The current CSI reporting mechanism can be reused.
· Aperiodic CLI reporting can be supported to reduce the reporting overhead and measurement effort.
· FFS: whether/how the L1 reporting and L3 reporting for the CLI co-exist with each other.
Observation 3: Wideband CLI measurement and reporting may fail to reflect the changes of inter-subband interference in different frequency resources. 
Proposal 13: Further study subband CLI measurement and reporting for UE-to-UE CLI handling, e.g., configuration and determination of the measurement subband size and measurement reporting overheads reduction, etc.
Observation 4: The UE is difficult to derive the reception timing accurately for UE-to-UE CLI measurement without any information exchange, especially in the typical deployment, e.g., HetNet, of Rel-18 dynamic/flexible TDD. 
Proposal 14: Both the CQI with CLI and CQI without CLI (e.g., CQI measured in case of aggressor’s muting) are reported to the gNB.
Proposal 15: Timing alignment solution on measurement RS transmission for UE-to-UE CLI should be considered in Rel-18. For example, exchange timing related information for reception of measurement RS.
Proposal 16: The unified UL power control solution applied to both of gNB-to-gNB CLI and UE-to-UE CLI handling can be considered. 

Information Exchange
Proposal 17: Some information can be considered to be exchanged via OTA signal or backhaul between gNBs for better gNB-to-gNB/UE-to-UE CLI handling, such as, measurement resource configuration, interference information feedback, interference mitigation indication, and timing information for measurement/rate matching resource determination. 
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