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In RAN1#86, following has been agreed for NR. 
Agreements:
· NR should support at least following design targets: 
· It should allow FDD operation on a paired spectrum 
· It should allow different transmission directions in either part of a paired spectrum
· It should allow TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changing
· It should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing
· FFS: It should allow support of full duplex in a forward compatible way
· Note: transmission directions include all of downlink, uplink, sidelink, and backhaul link 
· Note that additional discussion is needed about the timing to support above targets, particulally the second sub-bullet
· Note that some design targets may or may not be transparent to UE

Based on the agreements, following operations should be targeted to support in NR.
1) Traditional FDD operation in paired spectrum
2) TDD operation with semi-static UL-DL configuration, in unpaired spectrum
3) TDD operation with dynamic UL-DL configuration, in unpaired spectrum 
4) Flexible duplex in paired spectrum, i.e. allow different transmission directions in either part of a paired spectrum
The above operation modes 1~3 are the same as those in LTE.    NR should support these operation modes  in the 1st release. Additional studies are needed for operation mode 4, especially the target deployment scenario and regulatory issues of the flex duplex operation. Dynamic TDD and flexible duplex have large commonality from the system design perspective, in particular physical layer design. For example, the dynamic frame structure design and signaling support, as well as interference management are similar in the dynamic TDD and flexible duplex system design. 
In this contribution, we discuss the interference management issues which are applicable to both dynamic TDD and flexible duplex.
Discussion
1.1 Interference scenarios for dynamic TDD and flexible duplex
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Figure 1 Interference scenarios for dynamic TDD and flexible duplex
In both dynamic TDD and flexible duplex system, the following two types of interference can be observed, as shown in Figure 1. 
1) Traditional DL or UL inter-cell interference
2) Cross-link interference, including eNB-to-eNB interference, UE-to-UE interference
The 2nd type of interference is more challenging and should be the focus of studies. 
The LTE Rel-11 study item TDD enhanced interference management and traffic adaptation (TDD eIMTA) investigates the benefit of dynamic TDD traffic adaptation and provides the interference management solutions. It was concluded that the cross link interference is the bottleneck and should be mitigated in order to obtain the system performance gain with dynamic TDD configuration in multi-cell deployment. 
Proposal 1: The cross-link interference, i.e. eNB-to-eNB, or UE-to-UE interference, compared to the traditional inter-cell interference, should be the focus of the study of interference management in dynamic TDD configuration and flexible duplex in NR system design. 
During the LTE TDD eIMTA study, it was also concluded that dynamic TDD can hardly be beneficial when the deployment scenarios include high power base stations and lower carrier frequency, e.g. macro cell with 2GHz carrier frequency, due to the extremely high eNB-to-eNB interference. Therefore, the main scenario focused in the study was the deployment with the low power nodes, i.e. small cell deployments. 
The conclusion of interference mitigation scheme from LTE Rel-11 eIMTA should be applicable to the study of dynamic TDD and flexible duplex as well at least for sub-6GHz frequency. For the deployment scenarios with high power BS in high frequency, e.g. the urban macro deployment scenario at 30GHz, with 43dBm Tx power, additional evaluations of its feasibility are needed. 
Proposal 2: At least for sub-6GHz frequency, the studies of interference management in dynamic TDD and flexible duplex should focus on low power nodes deployment.
Proposal 3: Further studies of the feasibility of dynamic TDD and flexible duplex in high power nodes in high frequency band are needed. 
1.2 Interference management for dynamic TDD and flexible duplex
In LTE TDD eIMTA, the following interference management solutions specific to the cross-link interference were studied and specified.
1) Network based interference mitigation - the cross-link interference is handled at the network side based on the eNB measurements and inter-eNB coordination, e.g. the cell cluster interference mitigation (CCIM). 
2) UE based interference mitigation - the cross-link interference is handled with the participation of UE, e.g.  the subframe set dependant UL power control, and subframe set dependent DL CSI measurement and report. 
The cross-link interference is the interference in a specific deployment scenario and does not highly depend on the numerology or frame structure design. The cross-link interference issues and solutions identified in LTE TDD eIMTA could applied directly the in interference mitigation study for NR dynamic TDD and flexible duplex and should be considered as the starting point, at least for sub-6GHz frequency. 
The LTE TDD eIMTA frame structure consists of two sets of subframes; they are fixed subframes and flexible subframes.  The flexible subframe can be dynamically changed between DL and UL in at most at each radio frame. The interference management solutions are mainly based on the assumption of semi-statically configuration of the above two subframe sets. For example the inter-eNB interference coordination as based on the two observed interference (OI) values corresponds to two subframe sets. The UL power control and DL CSI measurement are also based on the two sets of semi-statically configured subframe sets. In the NR design, it is expected that more dynamic frame structure will be supported, e.g., more frequent switching of DL/UL transmission direction. Therefore, the enhancements of interference mitigation solutions, such as additional subframe sets or dynamic subframe sets, can be further studied. 
Proposal 4: At least for sub-6GHz frequencies, the cross-link interference handling solutions identified in LTE TDD eIMTA should be considered as the starting point of the interference management for NR dynamic TDD and flexible duplex. Enhancements of existing solution can be further studied specific for the dynamic frame structure in NR. 
In addition, the network interference cancellation for eNB-to-eNB interference mitigation has also been briefly studied. Due to large derivation of waveform and channel design between LTE DL and UL, the cross-link interference cancelation has high complexity. Since the same CP-OFDM waveform has been agreed for DL and UL in the NR system design, advanced interference cancelation between DL and UL should be investigated. It would be beneficial to have a common physical channel design among radio access links, such as DL and UL, sidelink, to facilitate better cross-link interference cancelation. 
Proposal 5: The reference signal design in NR should support identification of cross-link interference and interference source. 
Proposal 6: It would be beneficial to have a common physical channel design among radio access links,  such as DL and UL, sidelink, to facilitate better cross-link interference cancelation. 
In higher frequency, e.g. mmWave, beam forming at both DL and UL is used as a tool to provide desired range of communication. With proper multi-cell beamforming coordination, the cross-link interference can also be potentially mitigated. Therefore the interference mitigation based on coordinated TX/RX beamforming should be studied. 
Proposal 7: In high frequency, the cross-link interference management based on coordinated TX/RX beamforming should be studied in dynamic TDD and flexible duplex. 
Conclusions
In this contribution, the interference management for dynamic TDD and flexible duplex was discussed, following proposals are made. 
Proposal 1: The cross-link interference, i.e. eNB-to-eNB, or UE-to-UE interference, compared to the traditional inter-cell interference, should be the focus of the study of interference management in dynamic TDD configuration and flexible duplex in NR system design. 
Proposal 2: At least for sub-6GHz frequency, the studies on interference management in dynamic TDD and flexible duplex should focus on low power nodes deployment.
Proposal 3: Further studies on the feasibility of dynamic TDD and flexible duplex in high power nodes in high frequency band are needed. 
Proposal 4: At least for sub-6GHz frequencies, the cross-link interference handling solutions identified in LTE TDD eIMTA should be considered as the starting point of the interference management for NR dynamic TDD and flexible duplex. Some enhancements can be studied to fit the more dynamic frame structure in NR. 
Proposal 5: The reference signal design in NR should support identification of cross-link interference and interference source. 
Proposal 6: It would be beneficial to have a common physical channel design among radio access links, such as DL and UL, sidelink, to facilitate better cross-link interference cancelation. 
Proposal 7: In high frequency, the cross-link interference management based on coordinated TX/RX beamforming should be studied in dynamic TDD and flexible duplex. 
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