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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK12]In RAN#94e meeting, the study item of Study on evolution of NR duplex operation has been approved [1]. The followings have been identified as the objectives.
•         Identify applicable and relevant deployment scenarios (RAN1).
•         Develop evaluation methodology for duplex enhancement (RAN1).
•         Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
-        Identify possible schemes and evaluate their feasibility and performances (RAN1).
-        Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
·  Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
-        Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
-        Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
-        Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
-        Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
-        Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
In this contribution, we will make discussions on potential enhancements on dynamic/flexible TDD.
2. Discussion
For dynamic/flexible TDD scheme, gNB can dynamically allocate UL and DL resource in the time-domain to match traffic condition, which can significantly increase resource utilization efficiency and reduce the packet latency. This technology has been widely investigated in LTE and earlier NR version. In NR Rel-14, performance of dynamic TDD with and without interference mitigation scheme has been evaluated. During NR Rel-15, signaling mechanisms to allow dynamic DL/UL assignments has been supported. In Rel-16, flexible resource adaptation for unpaired NR based on Cross Link Interference (CLI) handling has been studied and evaluated, mechanisms such as cross-link interference measurements and reporting at a UE side and exchange of intended DL/UL configuration among gNBs at the network side is specified. In the following, we provide our views on potential enhancements for better use of dynamic TDD, taking the previous studies/solutions for handling CLI as starting point 
2.1. Scenarios
According to observation during the previous study, dynamic DL/UL resource assignments is more suitable for among small cells, compared to macro cells. One possibility is to deploy dynamic TDD in the small cells in a HetNet deployment scenario. 
Generally, macro cell and indoor cell are taken into account for the Hetnet scenario. Macro cell provides the coverage and capacity for UEs and deploys a DL heavy TDD UL/DL configuration. Indoor BS is generally deployed in factory with a UL heavy TDD UL/DL configuration. A typical Hetnet scenario is depicted in Figure 1. It should be noted that all macro cells have the same TDD UL/DL configuration while all indoor cells have the same TDD configuration. The different UL/DL configurations can be configured between macro cell layer and indoor cell layer. 
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[bookmark: _Ref102050571]Figure 1: Dynamic TDD: macro cell with DL heavy config. and indoor network with UL heavy config.
For Rel-18 enhancements on dynamic/flexible TDD, Hetnet scenario can be studied.  
[bookmark: _Ref102051708]Proposal 1: For Rel-18 enhancements on dynamic/flexible TDD, Hetnet scenario can be studied.
2.2. Interference types analysis
[bookmark: _Hlk54103374]In existing specification, dynamic/flexible TDD has already been supported, i.e., slot format can be dynamically indicated by gNB via SFI. However, this feature may not be well deployed in practice. One of the issues in practical implementation is due to lack of practical solutions to address inter-gNB (and inter-operator) cross-link interference compared to TDD system with the same UL/DL configuration.
For example, at gNB side, gNB A of indoor cell suffers co-channel CLI from macro gNB B as shown in red dashed line in following Figure 2. At UE side, UE3 suffers co-channel CLI of UE1 from the indoor cell as shown in blue dashed line. Table 1 lists the CLI at both gNB side and UE side. It can be observed, co-channel CLI at gNB and UE side is the main challenge for dynamic TDD. 
[image: ]  
[bookmark: _Ref101967198]Figure 2 CLI for dynamic TDD configuration 

Table 1 CLI at gNB and UE side for dynamic TDD case.
	
	Interference term
	Description 

	At gNB side
	co-channel CLI
	interference from DL transmission of gNB B to UL reception of gNB A

	At UE side
	co-channel CLI
	interference from UL transmission of indoor UE 1 to DL reception of macro UE 3


[bookmark: _Ref102051696] Observation 1: For dynamic TDD, co-channel CLI at gNB and UE side is the main challenge.
2.3. Potential enhancement on CLI mitigation
As Rel-16 CLI evaluated, if there is sufficient isolation, critical BS-BS CLI issue were not observed from operating dynamic TDD between an indoor network and a macro network and vice versa even without CLI mitigation scheme, in which dynamic TDD can be used in indoor cells. In addition, BS-BS CLI measurement and handling can possibility be done by network implementation. 
For UE-UE CLI, SRS-RSRP and CLI-RSSI measurements and reporting at the UE were specified as main solutions in Rel-16. The need for additional specified solutions for BS-BS and UE-UE CLI handling can be studied. 
For Rel-18 SubBand Full Duplex (SBFD), CLI also exist including both intra-subband CLI and inter-subband CLI. Therefore, the enhancement on CLI mitigation at gNB side solely for dynamic TDD may not be necessary. CLI mitigation schemes introduced for SBFD can also be reused for dynamic TDD.   
[bookmark: _Ref101967854][bookmark: _Hlk102032413]Proposal 2: Considering the CLI issues exist in both dynamic TDD and SubBand Full Duplex (SBFD)operation, the unified solution for mitigate the CLI should be strived for both SBFD and dynamic TDD.   
As shown in Figure 2, UL reception of gNB A will suffer from the interference from DL transmission of gNB B. To mitigate the impact of CLI and guarantee UL reception performance of gNB A, one direction is to enhance the UL power control. For example, boosting power for UL transmission of UE1 and UE 2 can be considered when gNB A is suffering strong CLI. This can be realized in a similar way as that specified in Rel-16 URLLC WI for UL transmissions with different priorities. That is, different sets of power control parameters e.g. P0 and different power loops are used for UL transmissions with or without CLI. However, there is no solution available for CG-PUSCH power boosting in Rel-16, which may be studied further in Rel-18
Another direction for CLI mitigation is to reduce the reporting latency of CLI measurement to timely update/reflect the interference status. For the CLI measurement based on SRS-RSRP and CLI-RSSI specified in Rel-16, L3 measurement reporting is applied. However, for dynamic TDD, slot format pattern may be changed per slot. Thus, L1 CLI measurement can be considered to improve real-time and accuracy of CLI measurement. In addition, CQI reporting for CLI can also be considered for Rel-18 full duplex operation. 
Regarding the CLI measurement at the gNB side, we are open to study it with or without the specification impacts. 
[bookmark: _Ref101967907]Proposal 3: To mitigate the impact of CLI, UL power control and CLI measurement enhancement can be considered for further study.

3. Conclusion
In this contribution, we make discussions on potential enhancement on dynamic/flexible TDD and have the following proposals. 
Observation 1: For dynamic TDD, co-channel CLI at gNB and UE side is the main challenge.
Proposal 1: For Rel-18 enhancements on dynamic/flexible TDD, Hetnet scenario can be studied.
Proposal 2: Considering the CLI issues exist in both dynamic TDD and SubBand Full Duplex (SBFD)operation, the unified solution for mitigate the CLI should be strived for both SBFD and dynamic TDD.
Proposal 3: To mitigate the impact of CLI, UL power control and CLI measurement enhancement can be considered for further study.
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