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Introduction
In this contribution, we discuss the possible solutions related to potential enhancements on dynamic/flexible TDD.
CLI analysis
Macro & indoor office/factory scenario focuses on the scenario of indoor office/factory with heavy uplink traffic load while the macro cell deployed outside with heavy downlink traffic. In order to solve the asymmetry of uplink and downlink services, UL dominant TDD configuration is used in factories and DL dominant TDD configuration is reserved in Macro cell shown in Figure 1. Thus, there will be some additional interferences.
Co-located scenarios
For co-located scenarios, since more UL slots are used in factory, the UL reception of factory gNB suffers severe co-channel interference from DL transmission of Macro gNB shown in Figure 1(a). And the UEs in
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Figure 1 Macro & indoor factory scenario in co-channel
Macro cell suffer CLI from UEs transmitting UL signal in office/factory while receiving DL data in DL slot shown in Figure 1 (b). Co-channel CLI was evaluated in the scenarios of indoor hotspot, dense urban and urban macro in Rel-15 NR flexible duplex [1]. Considering the penetration loss between outdoor and indoor, the impact of co-channel CLI decreases making this HetNet scenario a reasonable scenario for dynamic TDD enhancement.
Adjacent channel scenarios
When the factory is deployed by one operator and the macro cell outside is deployed by another operator in adjacent channel, this scenarios become an adjacent channel co-existence case shown in Figure 2. 
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Figure 2 Macro & indoor factory scenario in adjacent-channel
With different UL-DL slot configurations, there will be adjacent channel interference from the downlink slot of Macro gNB to the uplink slot of the office/factory gNB shown Figure 2 (a). UEs of downlink slot in Macro cell also suffer adjacent channel interference from the uplink slot of office/factory UEs in Figure 2 (b). CLI in adjacent channel was studied in Rel-16 CLI and RIM, and performance evaluations were given by RAN4 [2] and UE-to-UE CLI measurements by SRS-RSRP/CLI-RSSI were standardized. Further study may be required for CLI handling between the gNBs to enable the dynamic TDD in commercial networks.
Flexible/dynamic TDD co-existence with legacy operation 
According to co-existence case, from the discussion above, we can see there is no impact on the legacy gNB (Macro gNB) in co-channel and adjacent-channel co-existence case. Only impact to legacy UEs (in Macro cell) should be taken in account in co-existence case. 
Observation 1: When the legacy gNB uses DL dominant TDD UL-DL configuration and Rel-18 duplex gNB uses UL dominant TDD UL-DL configuration, there is no impact to the legacy gNB, only impact to legacy UE should be considered.
Observation 2: Interferences in dynamic/flexible TDD scenarios is a subset of that in SBFD scenarios, a unified CLI mechanism for dynamic/flexible TDD and SBFD can be studied.
CLI handling
	Agreement
Study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement
Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB
Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs 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, the study at least includes:
· Details of coordinated scheduling for time/frequency resources 
· Relevant information exchange
Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs (if needed) 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 coordinated scheduling for time/frequency resources
· Relevant information exchange (if needed)
Agreement
Study the feasibility and potential benefits of spatial domain coordination method 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, the study at least includes:
· Details for spatial domain coordination 
· Relevant information exchange
Note1: Study can include method for FR1 and FR2
Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic /flexible TDD, at least includes:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note1: Study can include method for FR1 and FR2


CLI measurement & report
Cross link interference mitigation schemes based on advanced receiver, coordination, power control, link adaption, sensing and many more were investigated in Rel-15[3]. 
Firstly, gNB-to-gNB CLI handling should be discussed due to lacking of inter-gNB CLI handling, the larger Tx power and greater inference level. The prerequisite for such interference suppression mechanism is accurate interference measurement. Suitable RS design and timing alignment between wanted signal and interference makes the measurement more accurate. Regarding inter-gNB CLI measurement, it is not necessary to introduce new RS considering the existence of diverse types of NR-RS. Specifically, we can use CSI-RS, SSB or RIM-RS to measure gNB-gNB CLI. Besides, information exchange between gNBs by some enhanced schemes, e.g., OTA signaling, should also be considered in NR specification. 
Proposal 1: CSI-RS, SSB and RIM-RS can be considered for CLI measurement among gNBs.
Secondly, UE-to-UE CLI measurement can be enhanced based on the outcome of discussion in Rel-16. For UE-UE CLI measurement, legacy CLI report is via high layer signaling which has serious issue on latency. L1 based short term CLI measurement and reporting can be considered to adapt to the dynamic change in TDD configuration.
UE-UE CLI measurement based on SRS was standardized in Rel-16 but no information exchange about the CLI measurement resource was included. Pre-configuration of measurement resource can be done among gNBs because the UE-UE CLI measurement and report is semi-static and periodical in Rel-16. To support more dynamic CLI measurement, certain assistance information such as measurement resource, beam information, needs to be exchanged among gNBs. Besides, with those information, some enhancement to improve the accuracy of CLI measurement result can be done. Also, to enable spatial domain coordination, beam information, e.g. prefer/non-prefer beam, prefer/non-prefer beam pairs exchange is essential. 
Proposal 2: Layer-1 CLI report should be supported for UE-UE CLI management.
Proposal 3: CLI measurement resource configuration and beam information should be exchanged among gNBs.
TA enhancement
As shown in Figure 3, UE2 transmits signal for CLI measurement while UE1 receives the downlink signal from gNB1. The uplink transmission of UE2 will interfere with the downlink reception of UE1 when different slot configurations are configured in the two neighbour cells.
Assuming that the downlink transmission of gNB1 and the uplink reception of gNB2 are aligned at T0, and T-1 represent the UL timing at UE2. UE1 receives the downlink signal transmitted by gNB1 at T1, while SRS reception timing at UE1 earlier than T1. When UE1 and UE2 are far away from gNB and close to each other, it cannot be guaranteed that the SRS fall within the window that the UE1 normally receives downlink signals, and UE-to-UE CLI measurement cannot be performed accurately.The time offset between the reception of the reference signal and the normal downlink reception will beyond the range of the cyclic prefix. Moreover, UE1 cannot accurately derive the reception timing of the reference signal. Therefore, the TA of UE2 needs to be adjusted so that UE1 can measure the CLI while receiving downlink signal at the same time. Otherwise, UE1 cannot properly estimate the interference caused by UE2's uplink transmission.
[image: ]
Figure 3 Unaligned timing between DL and SRS reception
Observation 3: The UE-to-UE CLI measurement cannot be performed accurately because of the timing issue of measurement RS.
Proposal 4: In UE-UE CLI measurement, the TA adjustment of aggressor UE should be studied.

Conclusion
In this contribution, we discussed the CLI in scenarios for dynamic/flexible TDD enhancement in macro & indoor scenarios and possible CLI handling solutions. The observations and proposals are given below:
Observation 1: When the legacy gNB uses DL dominant TDD UL-DL configuration and Rel-18 duplex gNB uses UL dominant TDD UL-DL configuration, there is no impact to the legacy gNB, only impact to legacy UE should be considered.
Observation 2: Interferences in dynamic/flexible TDD scenarios is a subset of that in SBFD scenarios, a unified CLI mechanism for dynamic/flexible TDD and SBFD can be studied.
Observation 3: The UE-to-UE CLI measurement cannot be performed accurately because of the timing issue of measurement RS.
Proposal 1: CSI-RS, SSB and RIM-RS can be considered for CLI measurement among gNBs.
Proposal 2: Layer-1 CLI report should be supported for UE-UE CLI management.
Proposal 3: CLI measurement resource configuration and beam information should be exchanged among gNBs.
Proposal 4: In UE-UE CLI measurement, the TA adjustment of aggressor UE should be studied.
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