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Introduction
It was agreed in RAN1#86 that the NR should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. In RAN1 #86bis [2], duplexing issues were discussed with the following conclusion and agreement.
	Conclusion:
· Continue study considering some or all of the following aspects:
· Deployment scenarios/bands, same-/cross-operator considerations
· Resource assignments and rate adaptations
· Frame structure and HARQ/scheduling timing
· Measurements for cross-link interference management
· Signalling (e.g., OTA, backhaul, UE capability, etc.)
· Cross-link interference management (IC/IS, power control, etc.)
· Centralized vs. distributed interference/resource management
· Beamforming/MIMO
· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)
· Latency reduction
· Whether or not LTE interference/resource management can be used as a starting point (as applicable)
· Sensing
· RS design
· Advanced receiver
· Timing alignment between DL and UL 

Agreements:
· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectra



In this contribution, we focus on cross-link interference (CCI) management for dynamic TDD (or more generally uncoordinated TDD [2]). In particular, we discuss the need for CCI detection and reporting. A CCI avoidance based on channel sensing is discussed in our companion contribution [5]. 
Cross-link interference detection and reporting for dynamic TDD
The issue of cross-link interference as a result of dynamic TDD or uncoordinated have been discussed extensively [2][3]. CCI issues were studied for LTE eIMTA and certain mitigation techniques were standardized, including semi-static adaptive configurations of fixed and flexible subframe sets (maximum rate of once every 10ms), and subframe set specific UL power control and DL CSI measurement. NR is expected to support deployment scenarios supported by LTE, hence the techniques standardized for LTE eIMTA should naturally be the starting point for NR, particularly for the scenarios where the transmission direction of time resources is still changing semi-statically over time. 
When the transmission direction of time resources can dynamically change over time, further enhancement would be beneficial to handle the resulting dynamic CCI and network coordination will remain an important tool for NR. As discussed in [3], CCI generally depends on the scheduler decision and UE locations. A possible approach to mitigate CCI is to identify the victim and the aggressor nodes, and subsequently schedule the transmission/reception activities of either the victims or the aggressors nodes (or both) in protected time resources (NR fixed time resources) with semi-statically configured transmission direction (analogous to the fixed subframe for eIMTA) and the rest in non-protected time resource (NR flexible time resources) where transmission direction can dynamically change (analogous to the flexible subframe for eIMTA). The set of NR fixed time resources and NR flexible time resources can be coordinated among the gNBs in a semi-static manner. This is illustrated in Figure 1. 


Figure 1: Illustration of NR fixed time resource (where transmission direction is semi-statically configured) and NR flexible time resource (where transmission direction can dynamically change) 

Observation 1: Protected time resources with semi-statically configured transmission direction (NR fixed time resources) can be configured via network coordination for scheduling either the victim or the aggressor nodes to mitigate CCI. The remaining time resource can be utilized for dynamically configured transmission direction (NR flexible time resources).
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 CCI, 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. CCI source) nodes for NR. To achieve this, a measurement signal can be introduced to support cross-link interference (CCI) detection by the gNB (DL-to-UL CCI) and the UE (UL-to-DL CCI) and identification of the CCI source. A similar observation is also done e.g. in [7]. To minimize specification and implementation complexity, measurement signal based on reusing an existing physical signal would be desirable (e.g. DM-RS). Further discussions on the design principle of the DM-RS as measurement RS can be found in our companion contribution [6].
Observation 2: Accurate identification of victim and aggressor (CCI source) nodes (UEs and gNBs) can be beneficial for efficient CCI mitigation.
Proposal 1: Cross-link interference detection and reporting by the gNB (DL-to-UL CCI) and the UE (UL-to-DL CCI) should be supported for dynamic TDD and uncoordinated TDD.    
Proposal 2: Measurement signal can be introduced to support cross-link interference (CCI) detection and interference source identification by the gNB (DL-to-UL CCI) and the UE (UL-to-DL CCI). It is preferable to consider measurement signal based on an existing physical signal (e.g. DM-RS).
Conclusions
[bookmark: _GoBack]This contribution considered a cross-link interference management scheme based on CCI detection and network coordination. In particular, the following is proposed. 
Observation 1: Protected time resources with semi-statically configured transmission direction (NR fixed time resources) can be configured via network coordination for scheduling either the victim or the aggressor nodes to mitigate CCI. The remaining time resource can be utilized for dynamically configured transmission direction (NR flexible time resources).
Observation 2: Accurate identification of victim and aggressor (CCI source) nodes (UEs and gNBs) can be beneficial for efficient CCI mitigation.
Proposal 1: Cross-link interference detection and reporting by the gNB (DL-to-UL CCI) and the UE (UL-to-DL CCI) should be supported for dynamic TDD and uncoordinated TDD.    
Proposal 2: Measurement signal can be introduced to support cross-link interference (CCI) detection and interference source identification by the gNB (DL-to-UL CCI) and the UE (UL-to-DL CCI). It is preferable to consider measurement signal based on an existing physical signal (e.g. DM-RS).
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