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1 Introduction

In RAN#1 #72bis, the following way-forward on interference mitigation schemes was agreed for TDD eIMTA [1]

· Backhaul signaling capturing eNB-to-eNB interference can be beneficial for TDD eIMTA

· Working assumption that New backhaul signaling capturing eNB-to-eNB interference is to be introduced 

· To be confirmed if gains are shown by evaluations in following meeting(s)

· FFS on the detailed contents of the information on eNB-to-eNB interference

· Any new backhaul signaling capturing eNB-to-eNB interference shall be assumed not to:

· impose mandatory behaviour in the receiving eNB 

· impose new requirements on the accuracy of eNB measurements (unless shown to be beneficial)

· impose new architecture for LTE 

During traffic adaptation, a UE may experience interference from DL transmissions of neighboring eNBs as well as from UL transmissions of UEs in neighboring eNBs on a subframe-by-subframe basis. To overcome different interference situations, a subframe dependent operation is required to schedule UL or DL transmissions in some of flexible subframes and fixed subframes [2]. Subframe dependent operation with dynamic traffic adaptation may cause different interference level between eNBs. Additionally, the source of the interference could be different between the subframes. The backhaul signaling for interference coordination should be able to capture eNB-to-eNB interference as well as UE-to-UE interference properly. This contribution discusses subframe set dependent backhaul signaling for supporting interference mitigation schemes.
2 Backhaul signaling for subframe dependent coordination
Figures 1-(a) and 1-(b) show the conceptual view of interference in a fixed UL subframe and in a flexible UL subframe. For interference coordination in fixed UL subframes, the backhaul signaling for UL interference information in Rel-8 ICIC, such as OI and/or HII, can be reused. The eNB will adjust transmission power and resource allocation of UL transmissions for serving UEs based on this backhaul information. From the UL interference measurement point of view, an eNB can measure only the received power of UL transmissions from other cells in the fixed UL subframe. 
On the other hand, in some flexible subframes where DL transmissions can occur in neighboring cells, the eNB will adjust UL transmission power while considering eNB-to-eNB measurements and/or DL power allocation information (e.g. RNTP) from the neighboring cells. Additional interference can be considered if the adjacent channel is used for DL transmission by the macro cell in the same area. Due to the different distances among neighboring cells and interference levels resulting from DL and UL transmissions from neighboring cells, the adjustment of UL transmission power in a flexible subframe will not be same as that for a fixed subframe. To coordinate interference in a flexible subframe, additional UL interference measurements that capture DL interference from other cells would be needed. Based on such measurements, the eNB can provide the neighboring cells recommendations for adjusting transmission power so that severe interference can be prevented. Considering different UL power adjustments and interference sources between fixed subframes and some flexible subframes, it would be beneficial to have additional UL interference information that can indicate different interference situations of flexible subframes for DL transmission via backhaul signaling. 
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                                       (a) Fixed subframe                               (b) Flexible subframe for UL transmission
Figure 1. UL transmissions in fixed subframes and in flexible subframes
Observation1
· Depending on the subframe type (fixed subframe and some flexible subframes vs. remaining flexible subframes), an UL transmission will be interfered from UL transmissions or DL transmissions in neighboring cells. Subframe dependent interference measurement can be beneficial for capturing such different interference conditions that can vary across subframes.
In case of DL transmissions, the Rel-8 ICIC backhaul signaling can be reused for fixed DL subframes as for fixed UL subframes. On the other hand, for DL transmissions in flexible subframes, the dominant interference can be either from DL transmissions or from UL transmissions in a neighboring cell. When the eNB receives OI and/or HII from a neighboring cell, the eNB can change DL power allocation and/or resource utilization of DL transmissions in a flexible subframe based on the received information. Concerning DL scheduling based on DL interference and UL interference, subframe set based DL power allocation is also needed for the coordination in some flexible subframes. In addition, the eNB generating dominant interference in a neighboring cell can adjust the UL transmission power in it its cell upon receiving this information via backhaul signaling. This can be preferable done by assigning different cell-specific 
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 values for flexible UL subframes using a different UL power control process than fixed UL subframes [2]. Without having such subframe dependent signaling, the eNB scheduler can only assume dominant interference based on RNTP from other cell for DL, even if the neighboring eNB is using that flexible subframe for UL transmission. Then, it may not be possible for the eNB scheduler to maintain accurate link adaptation in those flexible subframes.
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(a) Fixed DL subframe                                                  (b) Flexible subframe for DL transmission
Figure 2. DL transmission

Observation2
· Due to possible DL and UL interference, different DL power allocation and scheduling are needed in fixed DL subframes and in some flexible DL subframes. Different DL power coordination will affect UL transmission power in flexible UL subframes.
After exchanging subframe dependent information using the backhaul, FDM-ICIC, scheduling-based, cluster-based, power-control based, or TDM blanking-based approaches can be applied for supporting dynamic traffic adaptation. In case of scheduling-based and TDM blanking-based approach, the eNB scheduler can decide to have subframes without UE transmissions in either a dynamic or semi-static manner based on OI or HII in each subframe set. As a result, dominant interference from neighboring cell can be avoided in a TDM-like manner. With a power-control based approach, the eNB can adjust different UE’s TX power to maintain interference to UEs in neighboring cells at a tolerable level during reconfiguration between relevant flexible subframes and fixed subframes. In order to fully utilize the subframe set based information, an eNB would need knowledge of which subframes are flexible subframes in the neighboring cells. This can be indicated in an explicit or in an implicit manner via backhaul signaling. 
In addition to interference mitigation schemes, eNBs can be grouped into clusters where cells belonging to the same cluster use the same TDD UL-DL configuration. By using the same TDD UL-DL configuration within a cluster, UL-DL interference within a cluster and interference mitigation techniques may be further applied among different clusters such that different TDD UL-DL configurations can be realized for each cluster. All candidates are beneficial in managing interference between eNB with subframe dependent information via backhaul signaling.

Observation3
· Exchanging information of flexible subframes among eNBs is beneficial for supporting subframe set based backhaul signaling.  

3 Conclusion

This contribution considered the backhaul signaling for supporting subframe dependent measurements and resource coordination for interference mitigation in eIMTA. For both UL and DL transmissions in some flexible subframes, the eNB scheduler can adjust power level and resource utilization by exchanging information for respective interference conditions with neighboring cells through backhaul signaling to support link adaptation after an UL-DL reconfiguration. In particular, the following are proposed
 Proposal

· The following X2 signaling can be considered for supporting interference mitigation in eIMTA
· UL subframe dependent signaling for interference measurements
· DL subframe dependent signaling for interference measurements
· Indication of flexible subframes 
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