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Introduction
A new work item on “Cross Link Interference (CLI) handling and Remote Interference Management (RIM) for NR” was approved in RAN#82 [1] and the objectives of this study item are identified as follows. 
The detailed objectives for cross-link interference mitigation to support flexible resource adaptation for unpaired NR cells are: 
· Specify cross-link interference measurements and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN2, RAN4] 
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]
· Target no or very minimal impact on RF requirement
The following agreement has been achieved in RAN1#Ad-Hoc 1901 [2].
Agreement
For inter-gNB exchange of intended UL/DL configuration, time-domain resources indication is exchanged.
· The direction of time resources is designated as an intended DL slot(s)/symbol(s) or intended UL slot(s)/symbol(s).
· FFS: whether the remaining region which is not indicated as DL or UL is interpreted as unused or flexible
· FFS: detail message format
· Note: Need to further check this information (e.g. TDD DL/UL configuration, Actually Transmitted SSB, RACH configuration)
The indicated configuration is assumed to be valid until a new configuration is received
The above information exchange is not to mandate specific behavior at the receiving gNB
The above information exchange is not to mandate specific behavior at the transmitting gNB
Agreement
For SRS-RSRP measurement report, L3 measurement reporting is applied
Agreement
For CLI-RSSI, L3 measurement reporting is applied
· FFS: Whether SRS-RSRP measurement report and CLI-RSSI measurement report can be configured together for a UE
· Whether UE should be required to perform SRS-RSRP measurement and CLI-RSSI measurement simultaneously
In LTE, eIMTA was employed to support a UL-DL configuration change according to UL/DL traffic situations in a cell to improve the user average packet throughput. On the other hand, in NR, dynamic TDD can be used to improve the user average packet throughput and to achieve low latency requirement by reducing the frame alignment time. In the dynamic TDD, the transmission direction of time resources can be semi-statically or dynamically changed. In this contribution, we focus on network coordination mechanism(s) for CLI management and mitigation. In particular, we discuss the information required to be exchanged between coordinating nodes.
Cross-link interference mitigation with network resource coordination
It has been agreed that at least the intended UL/DL configuration should be exchanged between gNBs to mitigate CLI. However, in NR the intended UL/DL can either be configured semi-statically or dynamically. In this regard, which time scale the exchange of intended UL/DL configuration should be based on needs to be clarified. If dynamic UL/DL configuration can be exchanged, the aggressor/victim can adapt their own UL/DL configuration in a more prompt and dynamic way. However, it will increase the signaling overhead between gNBs. Moreover, for both the SRS-RSRP and RSSI L3 measurement reporting is applied targeting at long term measurement but dynamic UL/DL configuration to mitigate CLI requires short term measurement and thus seems not feasible. Another remaining issue is how to indicate the remaining region. If the remaining region is indicated as unused by the victim, from aggressor perspective, the implication is that there is no transmission/reception in this region and thus there is no need to coordinate its own UL/DL configuration for CLI mitigate. However, the remaining region might be flexible resources that can be scheduled as UL or DL by the victim and thus may suffer from CLI from the aggressor. In an extreme case where all the symbols are configured as flexible, the aggressor can configure its own UL/DL without any constraint and significant CLI can potentially be generated. In this regard, the remaining region should be interpreted as flexible until it is further configured as UL/DL or unused. Therefore, both flexible and unused indications should be supported.
Proposal 1: Semi-static UL/DL configuration should be exchanged and both flexible and unused indications should be supported for the remaining region which is not indicated as DL or UL.
The detail message of intended UL/DL configuration and time-domain resources indication is exchanged via X2 interface between gNBs. Thus the message format is not in the scope of RAN1.
Proposal 2: The detail message format for inter-gNB exchange of intended UL/DL configuration and time-domain resources indication is not in RAN1 scope.
Furthermore, UL/DL configuration only may not be efficient especially in the case of beamforming. As one possible solution, we describe the beam coordination which can be applied to avoid transmitting of UL UE to neighbor UEs which are receiving from serving gNB by suppressing the interference signal in spatial domain. Figure 2 shows the concept of a beam coordination scheme that can be applied to mitigate the UE-to-UE interference for the dynamic TDD system.

 
Figure 1. UE-to-UE interference Management
    To assist UE-to-UE interference coordination, serving gNB sends Tx beam index, set of RBs, and slot index to neighboring gNBs serving potential interfering UEs. It can be also required to make a table related to the UE-to-UE interference of Tx(for interfering UE)-Rx(for desired UE) beam pairs. UE-to-UE interference of the Tx-Rx beam pair can be changed according to the positon of the UE, and we need to introduce another method. One possible method is to make a UE-to-UE interference range table based on the gNB’s Tx/Rx beam index as shown in Figure 2 and to share the table in advance using X2 interface. The gNB serving potential interfering UE predicts the interference situation which exists between interfering UE and desired UE based on the Rx beam index for the UL UE in its own cell, the Tx beam index for the DL UE in neighboring cell, resource allocation information, and the UE-to-UE interference range table. The gNB serving potential interfering UE could then change its scheduling behavior to improve the interference situation for the desired UE in the neighboring cell by assigning the set of RBs to different UE or different set of RBs to the potential interfering UE.
    To support the cross-link interference mitigation based on the coordinated beamforming, specification works are required for the RS of TRP/UE to measure the interference level from/to another TRP/UE and new signaling to exchange inter-cell interference coordination information. The RS of a TRP or a UE should be received by another TRP or another UE to construct the table for TRP-to-TRP interference of Tx-Rx beam pairs or to construct the table for UE-to-UE interference range based on the gNB’s Tx/Rx beam index. The interference tables can be a historical record of which Tx/Rx beam indexes have tended to suffer from interference. In this case, we may not need to configure a dedicated resource to construct the interference tables. As described in subsection 2.1 and 2.2, the intended DL/UL transmission direction configuration and time/frequency/spatial resource should be exchanged among TRPs via backhaul (e.g., X2 interface)/OTA to mitigate the cross-link interference.
Observation 1: The beam information inter-gNB exchange is beneficial for CLI mitigation in the case of beamforming.
Conclusions
This contribution considered a cross-link interference management scheme based on CLI detection and network coordination. In particular, the following is proposed. 
Observation 1: The beam information inter-gNB exchange is beneficial for CLI mitigation in the case of beamforming.
Proposal 1: Semi-static UL/DL configuration should be exchanged and the remaining region which is not indicated as DL or UL should be interpreted as unused.
Proposal 2: The detail message format for inter-gNB exchange of intended UL/DL configuration and time-domain resources indication is not in RAN1 scope.
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