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Introduction
[bookmark: _Ref129681832]In the RAN1#86 [1], a number of agreements were made on flexible duplex for new radio (NR) as below: 
	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
· [bookmark: _GoBack]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, particularly the second sub-bullet
· Note that some design targets may or may not be transparent to UE


Due to different transmission directions among multiple neighboring cells on a paired or unpaired spectrum, UE-to-UE cross-link interference may severely degrade downlink reception performance and an overview on cross-link interference can be found in our companion contribution [2].  In this contribution, we discuss some possible UE-to-UE cross-link interference mitigation (CIM) schemes.
Discussion
As shown in Figure 1, inter-cell cross-link interference exists among multiple neighboring cells with different transmission directions. In particular, cross-link interference may be severe for a pair of UEs faces in the following conditions:
· Transmission scheduled with different direction 
· Overlapping time and frequency resource allocation
· UEs near each other
All above conditions show that UE-to-UE interference does not always exist but possibly will become severe once it happens. Though this interference has been discussed during Rel-12 eIMTA, effective CIM schemes should be further studied because there will be some new interference characters for NR including UE-side beam-forming, dense deployment and fully dynamic transmission direction, etc. Because this cross-link interference will definitely degrade the gain with flexible duplex, how to mitigate such interference becomes critical. Thus, when studying flexible duplex on a paired or unpaired spectrum, CIM techniques should be studied to evaluate whether the resultant interference situation can be well dealt with, via effective interference estimation/cancellation/avoidance.
[bookmark: OLE_LINK5]Proposal 1: UE-to-UE cross-link interference mitigation schemes should be studied for flexible duplex
[image: ]
[bookmark: _Ref461438566]Figure 1: Example of UE-UE cross-link interference
UE-to-UE measurement
Coordinated scheduling and/or coordinated beam-forming can be used to avoid the strong UE-to-UE interference based on some UE-to-UE measurement including interference level and coupling loss, etc. To identify the UE-to-UE interference, one needs to define reference signal and/or resource for interference measurement and establish related inter-cell UE interference matrix. Hence, related signaling exchange for interference measurement and coordinated scheduling are required. On the objective of measurement, both long-term and short-term measurement can be considered. For example long-term measurement (e.g. RRM) can be used for coordinated scheduling for slow-varying but strong-interfering UE pairs, while short-term measurement (e.g. instant interference level) can be used for fast-varying strong-interfering UE pairs resulting from dynamic transmission direction.
Proposal 2: UE-to-UE measurement should be studied for UE-to-UE cross-link interference mitigation 
Interference alignment
For cross-link interference between downlink and uplink from different cells with dynamic transmission direction allocation, there will always be one boundary offset between aggressor’s transmission and victim’s reception with TDD operation which inherently takes a fixed transition duration (e.g. about 20us and longer than CP), as illustrated in Figure 2. This problem can be regarded as interference misalignment. To facilitate CIM, this boundary offset of interference misalignment should be kept within CP duration to enable accurate interference measurement and/or effective interference mitigation with advanced receiver. Consequently, interference alignment based on enhanced timing operation may be necessary for UE-to-UE CIM.
Proposal 3: Interference alignment should be studied for UE-to-UE cross-link interference mitigation 


[bookmark: _Ref461563655]Figure 2: Interference alignment between cross link and access link
Resource unit specific RS
In another companion contribution [3], symmetric design is proposed to facilitate the CIM operation.  In particular, demodulation reference signal (DMRS) should be designed for robust channel estimation under cross-link interference. On one hand, orthogonal RS design should be considered among different links even with partially overlapping resource allocation as shown in Figure 3. On the other hand, non-orthogonal or semi-orthogonal RS among different links also can be considered. Based on advanced channel estimation schemes, robust channel estimation can still be made when RS of a neighbour cell can be known without complex indication. Therefore, resource unit specific reference signal can be considered to avoid the limitation from resource allocation, UE-specific indication and so on.

Proposal 4: Resource unit specific reference signal should be studied for UE-to-UE  cross-link interference mitigation



[bookmark: _Ref462131013]Figure 3 Resource unit specific reference signal 
Flexible power control
Dual loop uplink power control has been agreed for LTE eIMTA where power control parameters are chosen for two different subframe sets with or without cross-link interference separately [4]. Different to eIMTA, flexible duplex for NR will endure more flexibly varying cross-link interference condition because of fully dynamic transmission direction and beamforming operation. Then more flexible power control design even with instant interference sensing should be considered.
Proposal 5: Flexible power control should be studied for UE-to-UE  cross-link interference mitigation
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: UE-to-UE cross-link interference mitigation schemes should be studied for flexible duplex
Proposal 2: UE-to-UE measurement should be studied for UE-to-UE cross-link interference mitigation
Proposal 3: Interference alignment should be studied for UE-to-UE cross-link interference mitigation
Proposal 4: Resource unit specific reference signal should be studied for UE-to-UE  cross-link interference mitigation
Proposal 5: Flexible power control should be studied for UE-to-UE cross-link interference mitigation 
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