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1. Introduction
In RAN1 #73 meeting, a way forward on interference mitigation (IM) for eIMTA was discussed with the following working assumptions achieved [1]:
· In UL, at least two subframe sets can be configured, and for each subframe set,

· support separate open-loop power control parameters (P0 and alpha)

· FFS the application of these parameters to different channels e.g, PUSCH, SRS, PUCCH

· FFS  separate TPC command and accumulation is supported,  companies are encouraged to bring evaluation results regarding this proposal
· FFS if additional (more than two) subframe sets are needed

· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 

· FFS if additional (more than two) subframe sets are needed

· FFS if applicability of this in different CSI reporting modes and/or transmission modes

· FFS further details of the required specification support

A number of IM solutions have been discussed in some contributions, including clustering and power control [2-5]. In this contribution we discuss these schemes and provide some details of operation. Performance analysis of UL power control and cell clustering methods is provided in a companion contribution [6].
2. Dual Open Loop Power Control

Depending on TDD configurations adopted by adjacent cells, different UL subframes may suffer different inter-cell interference: if neighboring cell also configures UL direction, normal UE-eNB interference is experienced; otherwise potential severe eNB-eNB interference occurs. To mitigate such eNB-eNB interference, one solution is to apply different power control parameters/mechanisms for different types of UL subframes. Specifically dual open loop power control schemes can be employed for eIMTA: 

· UL subframes are categorized into two groups depending on experienced interference. Group-1 subframe(s) do not experience strong interference, while Group-2 subframe(s) do. A variety of criteria could be used for categorization of an UL subframe, e.g.,

· Transmission direction: it can be based on TDD configurations exchanged among adjacent cells via backhaul, e.g. if neighboring cell is also configured as UL, it belongs to Group-1, otherwise it belongs to Group-2; or measurement from reference signals, e.g., if there is CRS transmission it belongs to Group-2, otherwise it belongs to Group-1;

· IoT measurement: if IoT is higher than a threshold it belongs to Group-2; otherwise it belongs to Group-1.
· Different UL open loop PC parameters for different subframe groups are then applied. A first set of parameters (Po, α) can be configured for subframe Group-1, and a second set of parameters (Po, α)* can be configured for subframe Group-2. Two sets of parameters, (Po, α) and (Po, α)*, can differ in Po or α, or both. For the subframe Group-2, subframe-dependent (Po, α)* parameters can be applied for each subframe in Group-2 if necessary.
Proposal 1: apply dual-loop open loop power control to mitigate DL-UL interference for different types of UL subframes.
In order to support dual open loop power control, new signaling should be specified. eNB needs to indicate Group-2 Subframes where UE can apply new power control parameters.  Such indication can be carried over higher-layer or L1 signaling via bitmap or encoded pattern. For Group-1 UL Subframes, existing higher layer configured parameters (Po, α) can be reused. Meanwhile new signaling for open loop power control for Group-2 UL subframes should be defined in either semi-static and/or dynamic fashion.

Proposal 2: define new higher layer or L1 signaling to support semi-static or dynamic dual open loop power control.
3. Cell clustering
In cell clustering scheme, cells are grouped into clusters according to some metric(s), such as coupling loss, or interference level, etc. A cell cluster can contain one or more cells. The active transmissions direction of all cells in a cell cluster must be aligned, so that eNB-to-eNB interference and UE-to-UE interference can be mitigated within the cell cluster.

Cell clustering mitigates interference at the expense of adaptation flexibility, since all the cells belonging to one cell cluster need be configured with the same TDD configuration, regardless of the DL/UL traffic pattern of each individual cell. In [4-5], statistics of cell clustering based on -90dB coupling loss were presented. It was shown that ~66% of clusters contain a single Pico cell. Alternatively, from the perspective of a cell instead of a cluster, it can be observed that only ~40% of the cells are isolated cells and all the other cells have at least one close neighboring cell. Figure 1 shows the cell clustering statistics collected in the outdoor pico only scenario (scenario-3).  It is observed that 23% of cells belong to clusters with 2 cells, 18% of cells belong to clusters with 3 cells, and 18% of cells belong to clusters with 4+ cells.  In addition, when dense Pico deployment is considered, cluster size would be even larger. Assuming 8 Pico cells per Macro cell, it can be observed that only ~%13 of the cells are isolated cells, 8% of cells belong to a cluster with 2 cells, 12% of cells belong to a cluster with 3 cells and 67% of cells belong to a cluster with 4+ cells.
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	Figure 1, cluster size in Scenario-3 (left) and dense Pico deployment scenario (right)


Traffic adaptation flexibility is expected to be impacted when cell clustering is employed. Therefore methods to improve traffic adaptation flexibility in cell clustering should be considered in order to preserve gain from traffic adaptation.

Proposal 3: consider cell clustering schemes taking into account traffic adaptation flexibility.

To improve the adaptation flexibility of cell clustering, the cluster size can be reduced by relaxation of the clustering metric(s), e.g. using smaller coupling loss threshold. By reducing cluster size, traffic adaptation flexibility is improved at the expense of interference between clusters, which can be handled by other interference mitigation schemes, e.g. power control.

Proposal 4: consider to limit cluster size and apply other IM methods to improve traffic adaptation flexibility.

CoMP schemes of DPS can also be considered for clustering to mitigate DL-UL inter-cell interference. We can select the transmission point for a UE to avoid UEs with DL- and UL-heavy traffic served in one cell cluster or in adjacent cells. For example, if a UE has UL-heavy traffic, we try to select a transmission point that does not suffer high eNB-eNB interference; if a UE has DL-heavy traffic, we try to select a transmission point that does not cause high eNB-eNB interference to the neighbor cells.
Proposal 5: consider DPS for dynamic cell clustering to mitigate DL-UL inter-cell interference.
4. Hybrid clustering and power control

Interworking of cell clustering and other interference mitigation schemes can be employed for further performance improvement.  For example, dual threshold clustering can be considered. Two thresholds of A and B (A < B) can be applied for cell clustering: cells with high coupling loss (<A) belong to the same cluster and shall coordinate transmission directions; cells with medium coupling loss (>A and <B) belong to a virtual logical cluster and could have different transmission direction but with necessary interference control; cells with low coupling loss (>B) could have different transmission directions.
For a given cell, different interference mitigation schemes can be applied based on a ring-like region as shown in Figure 2. 

· For region X, transmission direction shall be same. 
· For region Y, allow different transmission direction using, e.g., power control.
· For region Z, no IM is required, and cells can change TDD configurations independently.
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Figure 2, IM region under dual threshold clustering 

Proposal 6: consider dual threshold clustering for interworking with other IM schemes.

5. eNB-eNB interference measurement

eNB-eNB measurement and backhaul signaling are necessary for efficient interference mitigation, e.g. cell clustering. HeNB measurement has already been specified for femto-cells to support, e.g. DL power setting. Current eNB measurements (Received Interference Power and Thermal noise power) may not be sufficient because they cannot distinguish between interference received from neighbor UEs and neighboring eNBs. To facilitate efficient DL-UL interference mitigation, eNB-eNB measurement is necessary. A variety of approaches can be applied, e.g.,

· One approach is to use blank UL sub-frame for eNB-eNB interference measurement. The measuring cell can be configured with a relative UL-heavy configuration and the measured cell can be configured with a relative DL-heavy configuration. The measuring cell can avoid UL scheduling in some of the flexible UL sub-frames and measure CRS of the measured cells.   

· Another approach is to utilize special sub-frame configurations. The measuring cell can select a short DwPTS configuration (e.g., cfg.0/5), and the measured cell can select a long DwPTS configuration (e.g., cfg.1/2/3/4/6/7/8). The measuring cell can measure CRS from the DwPTS of measured cell during GP. 

Proposal 7: use subframe configuration pattern or special subframe configuration pattern to enable eNB-eNB measurement.

6. Backhaul signaling for eIMTA 
With more information about neighboring cells, traffic adaptation and interference mitigation can be operated more efficiently. For example, intra-cluster coordination of TDD configurations is necessary to avoid strong eNB-eNB interference.  To facilitate such coordination, some form of backhaul signaling is expected to be beneficial, e.g. preferred TDD configurations and loading can be exchanged among neighboring cells.
Proposal 8: consider backhaul signaling for eIMTA.
7. Conclusions
In this contribution, we discuss IM solutions for traffic adaptation, such as power control, cell clustering, and hybrid power control and clustering schemes. eNB-eNB interference measurement and necessary backhaul signaling have also been discussed.  Based on the discussions, we propose: 
Proposal 1: apply dual-loop open loop power control to mitigate DL-UL interference for different types of UL subframes.
Proposal 2: define new higher layer or L1 signaling to support semi-static or dynamic dual open loop power control.
Proposal 3: consider cell clustering schemes taking into account traffic adaptation flexibility.

Proposal4: consider to limit cluster size and apply other IM methods to improve traffic adaptation flexibility.

Proposal 5: consider DPS for dynamic cell clustering to mitigate DL-UL inter-cell interference.
Proposal 6: consider dual threshold clustering for interworking with other IM schemes.

Proposal 7: use subframe configuration pattern or special subframe configuration pattern to enable eNB-eNB measurement.

Proposal 8: consider backhaul signaling for eIMTA.
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