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1 Introduction
In RAN1#87, the following agreements were reached [1]:
Agreements:

· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:

· Advanced receiver for interference cancellation/suppression 

· RS design (e.g. symmetric RS) and timing alignment between DL and UL 

· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)

· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)

· Link adaptation

· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.

· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 

· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement

· Study metric(s) to be used for CLI measurement, e.g., RSRP

· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)

· To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP 

In this contribution, we further discuss the interference management for dynamic TDD and flexible duplex.  
2 Discussion  
2.1 On DL/UL reconfiguration

It has been agreed that both dynamic and semi-static configuration of DL/UL transmission direction should be supported in NR. The intention was to use the semi-static configuration in the wide area deployment, e.g. macro cell in low frequency, while dynamic configuration can be used in the local area deployment, e.g. small cells. However, the detailed signaling method needs to be finalized. 
In the wide are deployment, the cross-link interference avoidance should be considered not only for the intra-operator, but also for the different operators using the adjacent channel frequency. In the existing low frequency TDD system deployment, the same DL/UL configuration is used for all the operators sharing the same frequency band, to avoid the strong cross-link interference. Seven DL/UL configurations were specified to enable a simple DL/UL configuration alignment between adjacent operators. The DL/UL configuration index is broadcasted in each TDD cell thus easy to be detected.  As NR should support also the wide area deployment, the same way of cross-link interference handling should be available in NR as well. 
Proposal 1: Similar as LTE TDD, NR should support semi-static DL/UL configuration within a set of predefined DL/UL configuration patterns. 
As discussed in [2], it is preferred to specify an explicit L1 signaling to indicate the DL/UL reconfiguration for NR dynamic TDD. Such L1 signaling can be per slot basis, or per multiple-slot basis. Compared to the LTE eIMTA, the DL/UL reconfiguration in NR can be much faster, therefore it is very challenging to coordinate the UL/DL transmission directions among NR gNBs for cross-link interference mitigation through wired backhaul interface. Thus the OTA signaling (i.e. over-the-air signaling between gNBs) on DL/UL configurations deserves more consideration in NR. The OTA signaling transmitted from a gNB can be defined as the intended DL/UL usage at that gNB in the coming set of slots. The neighbor gNB that receives this OTA signaling can take the proper action for cross-link interference mitigation, such as changing of DL/UL transmission direction, power control, etc. 
Due to the half-duplex constraint, the gNB cannot receive and transmit at the same time, thus in order to make the neighbor gNBs hear each other, the transmission time of the OTA signaling among neighbor gNBs cannot be at the same time, and should be coordinated. In addition, the periodicity of the DL/UL reconfiguration and the OTA signaling should also be known at the receiver gNB. The OTA signaling of DL/UL transmission direction should be easily detected by the receiving eNB, which means no blind decoding should be required, a PCFICH-like common channel is preferred to transmit the OTA signaling. 
Proposal 2: NR support OTA signaling of DL/UL transmission direction usage between neighbor gNBs. 
2.2 On cross-link interference measurement
To enable a proper handling of cross-link interference, the interference level should be accurately measured first. The measurement can be done in a long-term basis, or short term basis. As the major cross-link interference is the gNB to gNB interference, so here we assume the interference measurement is done by the gNB. 
· Long term based measurement
In the long termed based measurement, the gNB measures the statistical interference level and based on which the cross-link interference can be handled. The simplest way is gNB measures the total received interference, similar as the Received Interference Power measurement defined in LTE. As the interference may come from multiple neighbor gNBs which could use different transmission directions, such total interference measurement is not able to identify the interfering link direction and the interfering source thus not sufficient. Therefore new gNB measurement should be defined in NR to identify the interference link direction and source. One possible way is to design common reference signal framework for DL and UL link for the measurement, the reference signal can be measured by the neighbor gNBs to estimate the interference level, and the link direction and gNB ID should also be distinguishable by the reference signal. Therefore, the per link direction, per neighbor gNB interference level can be obtained such that optimal action for cross-link interference mitigation can be made. A RSRP-like measurement can be used defined for this purpose. 
Proposal 3: NR reference signal design should allow gNB to identify the interference source and the transmission directions and obtain the individual interference level accordingly through measurement.  
· Short term measurement
In the short term based measurement, the gNB measures the interference more frequently and use the instantaneous measurement results as an input to the dynamic scheduling. One extreme case is that the gNB measures the interference immediately before each transmission burst, which is similar as the CCA used in unlicensed band. The instantaneous measurement can be either based on energy detection, or signal detection. Based on such short term measurement, the gNBs competes for the instantaneous channel for optimal transmission, e.g. transmission direction or power setting, in a totally distributed way, since the instantaneous coordination among gNBs is not practical. Therefore, similar as the unlicensed band, the fairness in measurement and resource competing mechanism becomes important. Note that to achieve the fairness channel access, the overhead and delay are introduced during the channel access procedure in unlicensed band, therefore the resource efficiency should also be carefully considered if similar scheme is to be used in the licensed spectrum. 
Proposal 4: The distributed cross-link interference handling scheme can be studied together with short term measurement. The fairness and spectrum efficiency of the distributed interference handling methods should be carefully evaluated. 
2.3 On cross-link interference handling
After the cross-link interference is identified or measured, the interference can be handled in either reactive or proactive ways. As a reactive way, the gNB can avoid the scheduling of UL transmission during the time (or at the beam direction) when strong cross-link interference is observed from the neighbor gNBs. Alternatively, the gNB can indicate the scheduled UE to boost the transmission power to overcome the cross-link interference, when applicable. The gNB could also convey the experienced cross-link interference to the interference source gNB through backhaul or OTA signaling, such that the interfering gNB can potentially scheduling properly to mitigate the interference. 
In the proactive interference handling schemes, the gNBs can exchange the necessary information (e.g. experienced cross-link interference level, intended usage of the DL/UL transmission directions) beforehand, and make an optimal scheduling decision accordingly. 
In general the OTA signaling exchange can be more efficient than the backaul exchange in terms of latency. The details of OTA signaling should be studied. 
Proposal 5: Backhaul or OTA signaling exchange among gNBs on the necessary information for cross-link interference handling (e.g. measured interference level, intended usage of DL/UL transmissions) should be supported
3 Conclusions
In this contribution, we discussed several aspects related to the interference management in dynamic TDD/flexible duplex operation, with the following proposals: 
Proposal 1: Similar as LTE TDD, NR should support semi-static DL/UL configuration within a set of predefined DL/UL configuration patterns. 
Proposal  2: NR support OTA signaling of DL/UL transmission direction usage between neighbor gNBs. 
Proposal 3: NR reference signal design should allow gNB to identify the strong interference source and the transmission directions and obtain the individual interference level accordingly through measurement.  
Proposal 4: The distributed cross-link interference handling scheme should be considered together with short term measurement. The fairness and efficiency should be carefully evaluated. 
Proposal 5: Backhaul or OTA signaling exchange among gNBs on the necessary information for cross-link interference handling (e.g. measured interference level, intended usage of DL/UL transmissions) should be supported. 
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