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1 Introduction

In RAN1#74, a new X2 signaling and a subframe-dependent operation for DL/UL transmission were discussed. Due to DL-to-UL interference mitigation in eIMTA, RAN1 agreed on the following for X2 signaling;
· 
Following information exchange is supported on the backhaul to enable interference mitigation in TDD eIMTA
· Subframe or subframe-set dependent OI is supported, where  OI captures at least the total interference 
· FFS if OI also captures information about a specific  type of interference, e.g. eNB to eNB interference
· FFS for subframe dependent HII/RNTP
· Information about a cell’s intended UL-DL configuration, in addition to the existing information about the cell’s SIB-1 UL-DL configuration
Based on the agreements, this contribution discusses the remaining details of X2 signaling for inter-eNB coordination in eIMTA.
2 Remaining details of backhaul signaling in eIMTA
Information for subframe-dependent operation
For interference coordination in fixed UL and DL subframes, the X2 signaling for interference information in Rel-8 ICIC, such as legacy RNTP, OI and/or HII signaling, can be reused. However, in some flexible subframes where DL or UL transmissions can occur in neighboring cells, the eNB should be able to adjust UL transmission power while considering eNB-to-eNB measurements and/or DL power allocation information (e.g. RNTP) from the neighboring cells. With dual UL power control loop, the eNB can manage different interference target to overcome different types of interference (e.g. eNB or UE) during reconfiguration [1].
To coordinate interference in a flexible subframe, subframe or subframe-dependent OI that capture different interference level or source from other cells would help the eNB. Such information would provide the neighboring cells recommendations for transmission power adjustment so that severe interference can be avoided. Unlike OI, HII has a different implication with reference to subframe-dependent interference mitigation. With HII, the eNB can inform, in a proactive manner, the neighboring cells about frequency domain resources that are likely to be used for scheduling cell-edge UEs and that will generate high-interference to the neighboring cells. Regardless of subframe type (flexible UL subframe or fixed UL subframe), the informed eNB can expect higher interference in the indicated PRBs and will avoid scheduling cell-edge UEs in a UL or DL flexible subframe by implementation. In short, the eNB can use the legacy HII in both fixed and flexible subframes.
In case of DL transmissions in flexible subframes, the dominant interference can be either from DL or from UL transmissions in a neighboring cell. For DL scheduling based on DL and UL interference, subframe set based PDSCH power allocation may help the coordination in some flexible subframes. However, due to the large dynamic range of DL power adjustment and the CRS interference, the benefit of interference mitigation using the subframe-dependent DL power allocation is questionable.

With the subframe-dependent OI and dual UL power control loop, the eNB scheduler can maintain subframe-dependent link adaptation properly in a reactive manner. However, clear benefits of supporting other information types such as subframe-dependent HII or RNTP on X2 signaling have not yet been identified. Therefore, no motivation is apparent for introducing additional X2 information other than OI.

Proposal1: 
· Additional subframe-dependent information other than OII is not supported on the X2 signaling unless a clear benefit is identified.
Indication for interference type of OI
Once an eNB measures the subframe-dependent OIs, the eNB scheduler will send interference measurement results to the neighboring cells. If the eNB configures two UL subframe sets for measuring different OIs, one set for fixed UL subframes and the other for UL subframes that can be used for either DL or UL, the subframe sets can be decided from the transmission direction of interference which is indicated in the intended UL-DL configurations from the neighboring cells.
One possible way to determine OI level (low/medium/high) in each subframe set is as follows. First, by implementation, the eNB can internally configure two thresholds to maintain different level of maximum desirable interference to noise ratio based on the interference measurements. Based on thresholds for the different subframe sets, the eNB can determine the relative interference level for each set and generate two OI results to exchange via the X2 interface. Due to the relative expression in OI, if the threshold information is not provided, there will be no relationship between the first OI and second OI when the neighboring cells receive OIs from the informing cell. Regardless of the interference type measured by the informing cell, the neighboring cells can adjust power or schedule UL or DL transmission based on the relative information (low/medium/high) in each subframe set. 
It is noted that the two OI reports do not necessarily relate to the type of interference. The two OI reports relate only to the level of interference based on the individual target thresholds at the neighboring eNBs. 
Proposal2: 
· Do not introduce signaling of interference type for subframe-dependent OI.
Information for traffic condition
Typically, the eNB scheduler can decide the TDD UL/DL configuration based on DL/UL traffic load. The eNB will schedule UEs in UL and DL direction based on the TDD UL/DL configuration and on interference and power allocation information from the neighboring eNBs. Another possible way of coordination is to use a centralized coordinator, when possible. In this case, it may be beneficial to exchange DL and UL traffic load from each eNB to the centralized coordinator. The coordinator will keep updating traffic conditions from the cells and respond with a respective TDD UL-DL configuration and other information such as power control for DL and UL to cells (possibly including UL PC parameters and/or DL Tx power for flexible subframes). 
Proposal3: 
· Information on UL/DL traffic conditions should be explicitly signaled together with the intended UL-DL configuration to allow eNBs more accurate coordination between cells
3 Conclusion

This contribution discussed the remaining issues of the backhaul signaling for inter-eNB coordination in eIMTA. To support resource coordination for interference mitigation dynamically with minimum specification efforts, we proposed the followings:

 Proposals
· The following X2 signaling can be considered for supporting interference mitigation in eIMTA
· Additional subframe-dependent information other than OII are not supported on the X2 signaling unless a clear benefit is identified.

· Do not introduce signaling of interference type for subframe-dependent OI

· Information for the UL and DL traffic load together with the intended UL-DL configuration
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