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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
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
In NR, massive MIMO is one of the key features to improve the system throughput at higher carrier frequencies since it can increase the desired signal power and can multiplex more multiple users in spatial domain. For cross-link interference (TRP-to-TRP/UE-to-UE interference) mitigation, beamforming scheme like beam coordination can be also used in dynamic TDD systems.
In LTE eIMTA, although it is possible to estimate the possible presence of dynamic interference through CSI measurement reports by the UEs, the source of interference cannot be identified in general, e.g. it is not possible for the network to determine with certainty if the interference source is a DL signal or an UL signal, as well as the identity of the interferer. Allowing the network to identify the source of interference enables the network to take a more targeted action to resolve a problematic interference condition. For example, in the case of UL-to-DL CLI, the aggressor UE can be scheduled in an NR fixed time resource, rather than potentially over-crowding the victim UEs in the NR fixed time resources or over-provisioning the NR fixed time resources. Therefore, it would be beneficial to consider methods that can enable identification of victim and aggressor (i.e. CLI source) nodes for NR. 
Observation 1: Identification of victim and aggressor (CLI source) nodes (UEs and gNBs) can be beneficial for efficient CLI mitigation through network coordination of measurement resources and measurement at the potential victim node.
1.1 Beam coordination for TRP-to-TRP interference management
    In this subsection, we focus on the TRP-to-TRP interference from the downlink transmission for DL-users to the uplink reception for UL-users in the different cell. As one possible solution, we describe the beam and frequency resource coordination which can be employed to avoid transmitting to neighbor TRPs which are receiving from UEs or receiving from neighbor TRPs which are transmitting to UEs. We can select the receive beam index or transmit beam index to suppress the interference signal in spatial domain, and can assign orthogonal frequency resource to avoid the interference signal in frequency domain. Figure 1 shows the concept of a beam coordination scheme that can be applied to mitigate the TRP-to-TRP interference for the dynamic TDD system.


Figure 1. TRP-to-TRP interference management
    As shown in the Figure 1, to assist TRP-to-TRP interference coordination, serving gNB sends Rx beam index, set of RBs, and slot index to neighboring gNBs which are potential interfering nodes. With the shared information, we can mitigate the TRP-to-TRP interference employing the frequency- and space-division multiplexing. It can be also required to share the table for TRP-to-TRP interferences of Tx-Rx beam pairs in advance using X2 interface. The potential interfering gNB predicts the interference situation, which exists between interfering gNB (TRP) and serving (interfered) gNB (TRP), based on the Tx beam index for the DL UE in its own cell, the Rx beam index of the neighboring gNB, resource allocation information, and TRP-to-TRP interference table. The potential interfering gNB could then change its scheduling behavior to improve the interference situation for the serving gNB by assigning different resource blocks or Tx beam index which is less interfering with the serving gNB.
1.2 Beam coordination for UE-to-UE interference management
    In this subsection, we focus on the UE-to-UE interference from the uplink transmission of UL-users to the downlink reception of DL-users in the different cell. It can be more difficult to deal with the UE-to-UE interference compared to the TRP-to-TRP interference as the interference situation can be changed continuously by the mobility of UE. 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 2. 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.
Proposal 1: The intended DL/UL transmission direction configuration and time/frequency/spatial resource should be exchanged among TRPs via backhaul/OTA to mitigate the cross-link interference.
Cross-link interference mitigation for IAB
Integrated access and backhaul (IAB) can play an important role in a 5G new radio (NR) network as it can provide enhanced flexibility and improved coverage. A limiting factor of IAB is known as cross-link interference (CLI) which occurs when a downlink IAB node and an uplink IAB node are interfering mutually. In the WID description [1], it has been mentioned that CLI measurement and coordination mechanisms should be applicable to IAB nodes. It should be noted that the discussion and proposals are not constrained for IAB only but can be extended to general CLI mitigation scenarios in a straightforward manner.
The coordination of gNBs and the channel state information (CSI) framework provide powerful tools to handle interference from multiple transception points (TRPs). These frameworks can be used to mitigate CLI in IAB networks by configuring zero-power CSI reference signals (ZP CSI-RSs) for a victim node to perform measurements on interference. 
In this regard, the victim IAB node and its attached gNB can treat the interfering IAB node a ‘TRP’. Victim IAB node’s gNB can assign ZP CSI-RSs, whose time-frequency locations overlap with the sounding RS (SRS) or the demodulation RS (DMRS) of the interfering IAB node, to the victim IAB node to perform measurement. As a result, the victim IAB node can acquire certain information about the interfering channel to perform advanced interference suppression techniques. Moreover, it is reasonable to assume that IAB nodes are relatively stable comparing to ordinary user equipment (UE) nodes. This property is suitable for CSI measurements and certain long-term configurations. The coordination of gNBs and the CSI framework can be used to mitigate inter-IAB CLI.
In the companion contribution [2], four different cases are identified and it has been shown that SRS and/or DMRS can be used for CLI measurement via ZP CSI-RS. To fully support inter-IAB CLI mitigation with the coordination of gNBs and CSI framework, information on the SRS/DMRS of interfering IAB nodes should also be exchanged between coordinated gNBs.
Proposal 2: Information on the SRS/DMRS of interfering IAB nodes should be exchanged between coordinated gNBs.
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: Identification of victim and aggressor (CLI source) nodes (UEs and gNBs) can be beneficial for efficient CLI mitigation through network coordination of measurement resources and measurement at the potential victim node.
Proposal 1: The intended DL/UL transmission direction configuration and time/frequency/spatial resource togethor with TRP identifications should be exchanged among TRPs via backhaul/OTA to mitigate the cross-link interference.
Proposal 2: Information on the SRS/DMRS of interfering IAB nodes should be exchanged between coordinated gNBs.
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