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1. Introduction
Interference mitigation techniques have been evaluated in RAN1 for mitigation of potential severe cross-link interference caused by strong eNB-to-eNB interference couplings. In the context of cross-link interference mitigation RAN1 agreed [1] to enhance the UL power control by introducing the possibility to operate with multiple (at least two) UL power control parameter sets in order to mainly handle DL-to-UL interference mitigation differently from UL-to-UL interference. With enhanced UL power control a UE may transmit with significantly higher power in subframes where aggressor eNBs operate with flexible UL-DL transmissions than in subframes dedicated for UL transmissions.
In this contribution we discuss backhaul signaling related to specification support of enhanced UL power control as well as we discuss backhaul signaling needs for cell cluster interference mitigation (CCIM) operations, as a possible additional interference mitigation technique to be supported. Other signaling support for enhanced UL power control is discussed in [2].
2. Discussion
2.1. X2 support for enhanced UL power control
In order to configure UEs with enhanced UL power control properly, subframes in which the aggressor cells have been configured for flexible UL-DL subframe transmissions would need to be known by a victim cell. As it is anticipated that not all cells are operating with flexible subframes, and cells may operate with different flexible subframe configurations, there would be a need for an eNB to acquire information on flexible subframe configurations of neighboring cells. Acquiring such information  e.g. by estimating the interference level on a per UL subframe basis and conclude on aggressor cell operations based on significantly different interference levels is not desired and may not even be feasible. Hence, exchanging such information over X2 seems appealing.
In the contribution [3] we propose that the HARQ and scheduling timing for eIMTA follow a dual reference configuration operation where one configuration is applied for UL timing and another configuration for DL timing. In this dual reference configuration operation the UL timing follows the UL-DL configuration signaled in SIB1 whereas the DL timing follows a reference DL configuration. The operation with dual reference configurations implies that the reference UL configuration corresponds to a more UL heavy TDD UL-DL configuration than the reference DL configuration. By signaling these dual reference configurations over X2, a receiving eNB would know the flexible subframe usage in the sending eNB. For example, if the reference UL configuration refers to the TDD UL-DL configuration 0 (DL:UL 2:3) and the reference DL configuration refers to the TDD UL-DL configuration 2 (DL:UL 4:1) then the flexible subframes within a radio frame are subframe #3, #4, #8 and #9. X2 signaling of the TDD UL-DL configuration broadcasted in SIB1 has been possible since Rel8, so in the dual reference configuration operation the reference UL configuration is already exchanged. The alternative to signal the reference DL configuration over X2 to implicitly indicate the flexible UL-DL subframes is to explicitly signal this information by indicating which subframes of the reference UL configuration that are used as flexible UL-DL subframes.
Proposal 1: Ask RAN3 on feedback to introduce an X2 message to indicate subframes that are used as flexible UL-DL subframes
One way to operate enhanced UL power control would be to let the UE always transmit with higher power in the subframes the aggressor cell has configured for flexible UL-DL transmissions. This would, however, imply that the UE would transmit with unnecessarily high power when the aggressor schedules UL traffic in a flexible UL/DL subframe. Hence, it is primarily of interest to let the UE transmit with higher power when the aggressor intends to schedule DL transmissions in a corresponding flexible subframe. Exchanging information between eNBs on the usage of a flexible subframe could thus be beneficial. However, exchanging information over X2 that may change dynamically is not desired and may not even be feasible due to delays that might be experienced on the X2 transport network and to frequency of signaling messages, so any exchange of flexible UL-DL subframe usage should be of more or less semi-static nature. Thus, an eNB could exchange its intended usage of the flexible subframes rather than indicating the actual usage of the flexible subframes.
Proposal 2: Ask RAN3 on feedback to introduce an X2 message to exchange information of intended usage of the flexible UL-DL subframes
2.2. CCIM backhaul aspects
The basic idea of interference mitigation based on cell clustering is to coordinate in time the scheduling of UL and DL traffic in cells with strong eNB-to-eNB interference coupling by aligning their UL-DL configurations. This type of coordinated scheduling evidently limits some cells flexibility to autonomously select UL-DL transmission directions in the flexible subframes but the benefits of avoiding severe cross-link interference could be larger than the potential loss due to the flexibility limitations.

The operation of CCIM thus implies forming cell clusters based on observed eNB-to-eNB interference coupling, e.g. observed by estimating the interference rise over thermal noise, where a cell will be part of the cluster if the interference coupling is e.g. above a certain threshold. This threshold would be provided by OAM and is typically not specified. As previously stated in [4] exchanging the interference coupling between eNBs over the backhaul seems not to be necessary given the reciprocity properties of radio links in TDD.

Observation 1: By taking into account reciprocity properties of radio links, exchanging eNB-to-eNB interference couplings over X2 is not necessary in order to operate CCIM
The operation of CCIM thus also implies that the usage of the flexible UL-DL subframes is to be coordinated among the cells of a cluster. In [5] it was proposed to base the common usage of the flexible subframes on cells UL-DL buffer status. However, the selection of a common usage of the flexible subframes is rather anticipated to be based on cells UL-DL resource needs when also taking e.g. radio quality (e.g. average cell bitrates) into account. Instead of exchanging quantities such as buffer status of cells, it is thus of more interest to exchange the predicted resource need by indicating the preferred usage of the flexible subframes.
Observation 2: Proposal 2 can also be applied to CCIM by interpreting the exchanged information as being the preferred flexible UL-DL subframe usage and by then covering the sending nodes UL-DL resource needs
3. Conclusion
In this contribution we discussed backhaul signaling in the context of supporting enhanced UL power control and CCIM operations. The following proposals and observations were made:
Proposal 1: Ask RAN3 on feedback to introduce an X2 message to indicate subframes that are used as flexible UL-DL subframes

Proposal 2: Ask RAN3 on feedback to introduce an X2 message to exchange information of intended usage of the flexible UL-DL subframes

Observation 1: By taking into account reciprocity properties of radio links, exchanging eNB-to-eNB interference couplings over X2 is not necessary in order to operate CCIM

Observation 2: Proposal 2 can also be applied to CCIM by interpreting the exchanged information as being the preferred flexible UL-DL subframe usage and by then covering the sending nodes UL-DL resource needs
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