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Introduction
In RAN#94e, SI on evolution of NR duplex operation is approved[1]. Agreement in RAN1#109e declares no more discussion about the deployment scenario for potential enhancement on dynamic/flexible TDD in 9.3.3[2]. Therefore, RAN1#110e will focus on inter-gNB and inter-UE CLI handling schemes. In this contribution, we discuss potential solutions for inter cell gNB-gNB CLI handling and UE-UE CLI handling in dynamic/flexible TDD.
	Agreement
· For discussion in AI 9.3.3, consider the deployment scenarios for dynamic/flexible TDD which are agreed for evaluation purpose under AI 9.3.1 in RAN1#109-e.
· Under AI 9.3.3., no more discussion about the deployment scenario for potential enhancement on dynamic/flexible TDD 



Background
Dynamic TDD has been supported since Rel-15[3]. However, it was not well implemented in practice for lack of interference mitigation solutions for inter-gNB CLI. Lots of previous work focus on dynamic/flexible TDD including:
· The feasibility of dynamic/flexible TDD in different deployment scenarios. Performance evaluation on indoor hotspot, dense urban and urban macro with/without cross-link interference mitigation were given and mitigation schemes including advanced receiver, hybrid dynamic/static resource assignment, coordination-based schemes and sensing based schemes were investigated.
· CLI handling for inter-cell UE-to-UE CLI from the Rel-16 SI and subsequent WI on CLI handling and RIM for NR. Long term UE-to-UE measurement based on L3 measurement/reporting
· Network coordination mechanisms for CLI was supported and specified. 
Therefore, repeated work would not be preferred. Enhancements on dynamic/flexible TDD can focus on inter-gNB and inter-UE CLI mitigation and further signaling design, to better support this existing feature to be implemented in reality. 

CLI handling
3.1. Inter-cell gNB-gNB CLI handling
	Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· gNB-to-gNB CLI measurement and reporting
· Coordinated scheduling 
· Spatial domain enhancements
· Advanced receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Potential enhancements to Rel-16 RIM
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancements specific for SBFD will be discussed in 9.3.2


In RIM studies[4], OAM can configure the necessary information for establishing CLI handling framework, e.g., RIM-RS set, monitoring window, reporting parameters, etc. Further, gNBs can exchange CLI related information through backhaul or in a wireless way. The RIM procedures can be regarded as a starting point for inter-cell gNB-gNB CLI handling in NR duplex evolution of Rel-18. Meanwhile, we should aware that the RIM related design cannot directly be transplanted due to its overhead and the limited #resource/set. In the future, one possible orientation could be reducing the overhead of RIM-RS like design, and another promising point is to enable beam-specific CLI measurement/report via RIM-RS like design. Additionally, the beam-related CLI reports can be exchanged among gNBs under backhaul or wireless framework. 
For LTE era, we have the definition of RNTP for handling ICIC. The entries of RNTP table is either 1 or 0, reflecting whether the EPRE of a specific PRB exceed a threshold or not. Generally, RNTP is the power strategy of an eNB which can be shared among eNBs forpurpose of ICIC. 


Similar idea can be inherited in NR with certain enhancement. For example, the beam concept can be considered for enhanced RNTP version. As shown Figure1, different gNBs may prepare multiple RNTP tables. Each RNTP table corresponds the power budget in a specific direction. Though backhaul or in a wireless way, these RNTPs can be shared among multiple gNBs.


[bookmark: _Ref111040019][bookmark: _Ref111040012]Figure 1: enhanced RNTP with beam concept
Proposal 1: gNB-gNB CLI handling on spatial domain information, power control based solution and potential enhancements to Rel-16 RIM should be studied.
In order to get accurate CLI measurement result, it is a straightforward way to mute UE UL transmission while gNB-gNB CLI measurement is performing. At first, aggressor gNB and victim gNB should coordinate on the time/frequency resource for CLI measurement, then the victim gNB is aware of expected muting resource. One question is whether a UE knows the muting resource. If non-transparent for UE, all uplink UEs should be configured to mute at those resource and at last victim gNB do CLI measurement on those resource. Transparent for UE is also a reasonable option. Because victim gNB knows when uplink transmission should be avoid, it is possible to define some blank/reserved time/frequency resource on victim gNB for periodic CLI measurement or find some time/frequency resource without uplink transmission for aperiodic CLI measurement. Blank/reserved resource is periodic, therefore, it is easy to avoid periodic uplink scheduling on those resource by victim gNB. Additionally, DCI format 2_4 can be used for notifying the PRB(s) and OFDM symbol(s) where UE cancels the corresponding UL transmission. In this case, only signaling exchange between gNB is needed and no specification effect is expected.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: To get accurate gNB-gNB CLI measurement, resource muting scheme in UL transmission should be done on gNB side. 

3.2. Inter cell UE-UE CLI handling
	Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Coordinated scheduling
· Spatial domain enhancements, 
· Advanced Receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancement specific for SBFD will be discussed in 9.3.2


Currently, the UE-to-UE CLI measurement resources are configured periodic. L3 measurement result is reported via high layer signaling which causes big delay. In dynamic TDD, UEs can be dynamic scheduled according to real time traffic load, the aggressor of interference for one UE may be changed from time to time. A more flexible and faster CLI measurement/report mechanism is needed to handle this issue. Therefore, L1-based CLI measurement/report should be taken into account. Besides, CSI-RS measurement/report is a well-designed scheme that is applicable for various scenarios. Repetition will be reduced and effect on specification will be limited by only adding CLI measurement resources in CSI-RS resource. Different type of CSI reporting and CSI-RS configuration can also be used for CLI measurement/report without specification effect. 
Proposal 3: CSI-RS measurement/report structure can be a start point for L1-based CLI measurement/reporting.

[bookmark: _GoBack]Besides, we think CLI measurement should base on the result of beam measurement. Rx beam of UE receiving downlink signal is up to UE implementation knowing a gNB Tx beam indicated by TCL-state (QCL-D). Once a gNB Tx beam is settled, UE choose Rx beam used to receive CSI-RS and reports the measurement result based on this Rx beam. The same scheme can be used in CLI measurement/reporting. SRS is transmitted by aggressor UE with Tx beam configured with SpatialRelateionInfo and ZP-CSI-RS like CLI measurement resources is configured to victim UE with TCL-state shown in Figure 2. UE 1 transmits SRS with the same beam used for PUSCH transmission. UE2 and UE3 are configured with CLI measurement resource with the TCL state which is the same as PDSCH receiving. The CLI measurement results reported by UE2 and UE3 show the interference caused by aggressor UE1 transmits uplink signal (PUSCH) while victim UEs receive downlink signal (PDSCH). Therefore, there is no need to measure the CLI in every spatial directions either for aggressors or for victims. Meanwhile, Rx beam of victim UE reporting is also not necessary. The CLI results of UE2 and UE3 is enough for gNB2 to do scheduling between those UEs. 
[image: ]
[bookmark: _Ref111040109]Figure 2: beam control in CLI measurement/reporting

Proposal 4: Spatial domain enhancement for UE-UE CLI handling should be based on result of beam management.
Conclusion
In this contribution, we discussed some possible CLI handling for inter-cell gNB and inter-cell UE, respectively. The proposals are given below:
Proposal 1: gNB-gNB CLI handling on spatial domain information, power control based solution and potential enhancements to Rel-16 RIM should be studied.
Proposal 2: To get accurate gNB-gNB CLI measurement, resource muting scheme in UL transmission should be done on gNB side.
Proposal 3: CSI-RS measurement/report structure can be a start point for L1-based CLI measurement/reporting.
Proposal 4: Spatial domain enhancement for UE-UE CLI handling should be based on result of beam management.
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