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1. Introduction

In RAN1#74 meeting, following agreement was achieved on backhaul signaling for interference mitigation in TDD eIMTA[1]: 
· 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

· Details to be decided in RAN1#74bis

This contribution further discusses the details of subframe dependent OI and the necessity to include interference type information.
2. Subframe dependent OI
In TDD eIMTA, different UL-DL configurations may be adopted in adjacent cells with reconfiguration function based on traffic load in each cell, and UE uplink transmission in certain uplink subframes may suffer DL-to-UL(eNB-to-eNB) interference besides conventional UL-to-UL(UE-to-eNB) interference. Additionally, UE-to-eNB interference and eNB-to-eNB interference can significantly vary on a subframe basis. Therefore, the legacy OI should be enhanced to reflect the interference distribution in not only the frequency domain but also the time domain. The OI backhaul signalling can be one of following two formats:
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            Figure 1 Subframe dependent OI w/ 2-D indication                    Figure 2 Subframe dependent OI w/ 1-D indication
· Subframe dependent OI  w/ 2-D indication 
The legacy OI that indicates the per-PRB-pair average interference within a time window is extended to reflect the interference on a per-PRB-pair as well as per subframe basis. For example, for a 10MHz LTE TDD system, subframe dependent OI for time-frequency domain could be a 50-by-5 matrix as shown in Figure 1, whose elements indicate the total interference level (Low, Medium, High) over 50 resource blocks in the frequency domain and 5 subframes in the time domain, where the 5 subframes represents flexible subframes #3/4/7/8/9 that can be configured to UL. The interference level in subframe #2 can be indicated by either legacy OI or adding the sixth columns to the new two-dimensional OI data structure in Figure 1.
· Subframe dependent OI  w/ 1-D indication
Beside the legacy frequency domain OI, one new component of one-dimensional array is added to indicate the interference level on a per-subframe basis. As shown in Figure 2, this new one-dimensional array contains 5 elements that correspond to 5 flexible subframes #3/4/7/8/9.   
3. Interference type information
The dominant interference component at interfered eNB can be eNB-to-eNB interference or UE-to-eNB interference. As described in [2], if the eNB receiving the complaining OI does not know the type or direction of dominant interference at interfered eNB, it may take incorrect and even harmful IM operation in the cooperation respondence to the OI. One example is shown in Figure 3. For a specific OI measurement time window, interfering eNB-1 and eNB-2 operate at TDD configuration #1 and #2 respectively, and the interfered eNB operating at TDD configuration #0 observes high interference in subframes {3,8}. If the interfered eNB just informs eNB-1 and eNB-2 of such high interference level but not the interference type, no matter whether the true dominant interference component is eNB-to-eNB or UE-to-eNB, at least one of eNB-1 and eNB-2 would perform the IM operation that is not helpful to reduce the interference level at interfered eNB but only putting an unnecessary limitation onto local DL or UL performance. It is also pointed out in [2]

 REF _Ref367868587 \r \h 
[3] that the interfered eNB can, as an eNB implementation issue, judge the type of dominant interference with a very low error probability based on the IoT measurement. 
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Figure 3 OI-based IM without interference type
It is agreed in RAN1#74 meeting to support the backhaul signaling exchange about a cell’s intended UL-DL configuration in addition to the existing SIB-1 UL-DL configuration. This agreement seems to make interference type information not quite necessary to be contained in OI, since the interfered eNB can send different OI to different eNBs if it knows the transmission directions of those eNBs in the interfered subframe. However, we think the interference type in OI report is still needed based on following reasons.   
· The intended UL/DL configuration might not be the same as the “actual” UL/DL configuration. Even though the “intended” UL/DL configuration should be a good-faith indication to neighboring cells, there is no guarantee that the eNB sending this intention is mandated to obey it. For example, in a distributed multi-cell IM cooperation, cells exchange the “intended” UL/DL configuration with each other; and after sending out its own intention, one cell may take the intentions from other cells as the input to local optimization and further adjust the future UL/DL configuration to be reconfigured. There is no specification guarantee (even out of RAN1 scope) that the eNB should update the new “intention” with all neighbors.      
· The signaling carrying the OI and the signaling carrying the “intended” UL/DL configuration are independent backhaul signaling mechanisms. RAN1 does not assume the eNB sending out the OI signaling has to receive and interpret the signaling of “intended” UL/DL configuration from all neighboring eNBs. 
Therefore, it is still necessary to include the type of dominant interference into subframe dependent OI signaling.
4. Conclusions

Based on the analysis in this contribution, it is proposed that 
Proposal 1: Adopt subframe dependent OI with either 2-D indication in Figure 1 or 1-D indication in Figure 2.
Proposal 2: Include the type of dominant interference into subframe dependent OI signaling.
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