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1 Introduction

It has been agreed in the latest way forward (WF) on interference mitigation (IM) in TDD eIMTA [1] that:
· Information reflecting eNB-to-eNB interference level between a pair of eNBs is exchanged on the backhaul

· FFS on the detailed contents

· Information reflecting the UL/DL traffic conditions in the cell is exchanged on the backhaul

· FFS on the detailed contents, e.g. the information on DL/UL traffic ratio

· Information on UL-DL configuration (relating to dynamic flexible subframe designation)  is exchanged on the backhaul, in addition to the existing backhaul signaling on the SIB1 UL-DL configuration

In this paper, we first share our views on potential interference mitigation (IM) schemes in LTE TDD eIMTA. More specifically, cell clustering based IM (CCIM) scheme is investigated. We discuss means of forming cell clusters, selection of appropriate cluster-specific DL/UL configurations and interworking between CCIM and other IM schemes. Finally, the associated necessary eNB-eNB measurements and backhaul signaling are analyzed.
2 Cell Clustering based IM (CCIM)
In CCIM, cells are grouped into cell clusters with adequate geographical isolations between each other. The mutual coupling loss, indicators of interference levels and etc can be employed as the performance metrics to form the virtual cell clusters. A cell cluster can contain one or more cells depending on practical implementation and requirements, e.g., deployment scenario, traffic profile and etc. In the following, we first propose that the cell clusters could be adaptively formed for both intra-cluster and inter-cluster interference management and traffic adaptation. In addition, we argue that the active transmission directions within the same cluster and between different clusters are allowed to be different with constraint on certain performance metrics. Here, a cell cluster is considered as a minimum coordination set on which cooperative reconfiguration methods can be conducted. At last, we analyze the interworking between CCIM and other IM schemes (e.g., SDIM) that would further mitigate the cross-slot interference.  
2.1  Adaptive Cell Clustering
The performance of cluster-based interference mitigation schemes highly relies on the cell clustering results. One example of CCIM is to align the active transmission directions within the same cluster but allow different transmission directions between different cell clusters in a subframe. This method is capable of eliminating the intra-cluster cross-slot interference and to some extent, adapting to the traffic variations between cell clusters. Straightforwardly, such a method compromises the system capability in adapting to the asymmetric traffic demands and interference management which highly relies on the cell clustering results. Generally speaking, two ways can be investigated to further refine the cell clustering results in order to facilitate CCIM schemes. In the following, we employ the mutual coupling loss-based cell clustering method to illustrate our views.  

One direction is to further optimize the cell clustering results for a given coupling loss threshold by accounting for the traffic condition. Since the coupling loss-based cell clustering method only considers the interference patterns between eNBs, cells that are geographically close to each other would be grouped together though they may have entirely different traffic demands. Under this scenario, the performance improvements of CCIM would be compromised. Re-clustering can be built on top of cell clustering to reform the cell clusters by considering the traffic demands. For example, if the cluster of interest is dominated by the UL traffic, cell(s) that has relatively high DL traffic demands could be released from the original cluster to form new cluster. Additionally, from the perspective of practical implementation, different cell clustering results can be obtained with respect to different cell clustering processes even for the same coupling loss threshold. This is because the selection of anchor cells to start the clustering process could be different. Hence, by accounting for both interference patterns and traffic demands of each individual cell, appropriate cell clusters could be formed by selecting from a set of candidate cell clusters obtained from several shots of clustering processes with optimized performance metrics.

The other direction is to adaptively adjust the employed performance metrics (e.g., coupling loss threshold) that form the cell clusters according to the system statistics information. As can be seen from the evaluation results provided in [2], the coupling loss threshold affects the cluster size, which in turn, influences the system performance. For instance, for outdoor pico-cell deployment scenario, if the coupling loss threshold is smaller than 40dB, all cell clusters contain only one cell. In this case, the selected DL/UL configurations are suited for each individual cell’s traffic demands but on the other hand, the system would suffer from significant cross-slot interference. If the coupling loss threshold is larger than 140dB, all cells of interest would be included in one cluster. The intra-cluster cross-slot interference can be entirely eliminated by employing the CCIM, however, the selected DL/UL configurations may not be suited for any individual cell’s traffic requirements. Hence, we propose to adaptively adjust the coupling loss threshold (and therefore, the cluster size) according to the collected system statistics (e.g., packet throughput, interference patterns, actual traffic demands and etc.) and predefined decision rules to adapt for the variations in interference and traffic conditions.

Proposal 1: Consider adaptive cell clustering schemes taking into account not only interference patterns but also traffic status.
2.2  Cluster-specific Dynamic DL/UL Reconfiguration
After the cell clustering, appropriate DL/UL configurations ought to be determined on the basis of cell cluster. If the cell cluster contains only one cell, this cell can freely adjust its own DL/UL configurations according to its traffic demands. Otherwise, the DL/UL configurations should be selected in a coordinated manner with necessary information exchange between corresponding cells.
One way to determine the cluster-specific DL/UL configuration is to align the active transmission directions with the same cluster. For instance, the selected DL/UL configuration should have the closest DL/UL ratio to the ratio of the aggregated buffered DL and UL data volumes in the cluster of interest in contrast to other configurations. Or the selected DL/UL configuration should match with the asymmetric traffic demands of the dominant cell within the cluster of interest [3]. Either way, this method restricts the flexibility in adapting to the traffic variations if cell clusters are not appropriately formed. One alternative to the method described above is to allow different transmission directions within the same cluster and between different clusters. Here, the cell cluster is treated as the minimum coordination set that the cluster-specific cooperative reconfiguration methods operate on. Specific examples of how to design such methods can be found in [4]. In some cases, the alternative approach may fall back to the case that the selected DL/UL configurations are kept identical for all cells of interest within the same cluster.
2.3  Interworking Between CCIM with other IM schemes
After cell clustering and reconfiguration, the cross-slot interference may still exist either between different clusters (inter-cluster interference) or within the same cluster (intra-cluster interference) depending on the employed reconfiguration strategies. For example, if the allocation of DL/UL resources is identical within the same cluster but different between clusters, the inter-cluster cross-slot interference may still significantly degrade the system performance especially when the cells are densely deployed. If the DL/UL configurations are allowed to be different within the same cluster and between different clusters, both intra-cluster and inter-cluster interferences need to be coordinated. Necessary information exchange is demanded between relevant cells/clusters. For instance, a CoMP like CS/CB algorithm can be developed to restrict the frequency-domain resource scheduling of UL UEs and optimize the DL beamforming vectors during cross-slots [5]. In this method, the corresponding channel state information (CSI) and/or scheduling decisions should be exchanged between relevant cells/clusters over backhaul. One special case of this method is to orthogonally assign the frequency-domain resources to UEs between mismatched DL and UL subframes subject to a certain loss in the spectral efficiency [6]. Additionally, a time-domain resource coordination scheme can be incorporated in CCIM as well such that highly interfered UEs (e.g., those occur in the cell-edge or cluster boundary) are only allowed to be scheduled in “fixed” subframes while other UEs are allowed to be scheduled in both “fixed” and “flexible” subframes.
Proposal 2: CCIM should keep the flexibility of allocating DL/UL resources within the same cluster and between different clusters and should be incorporated with other IM schemes.
3 Interference Measurements and Backhaul Signaling
In order to facilitate the CCIM schemes, necessary interference measurements, reports and backhaul signalling are needed. Specifically, to support the adaptive cell clustering, knowledge of the interference information on eNB-eNB link is required. If coupling loss-based cell clustering method is employed, measuring only the coupling loss between eNBs would be sufficient. This can be simply achieved by measuring the RSRP by the eNB from the receiving signal from other eNBs. The measured RSPR information should be exchanged between relevant eNBs over X2 interface such that cells can be divided into clusters with adaptation. If other indicators of interference levels other than coupling loss like large-scale fading property are employed to form and adapt the cell clusters, the eNBs need to detect and measure neighbouring cells’ signals in a semi-static manner. The periodicity of the interference measuring and reporting could be much larger than the CSI report of UEs. Unfortunately, the current reference signals (e.g., PSS) are not sufficient and cannot satisfy the requirement for the eNB-eNB interference listening among eNBs. Therefore, a new reference signal is demanded to support the eNB-eNB interference measurements among neighbouring eNBs. Furthermore, to facilitate the adaptive cell clustering and cluster-specific reconfiguration methods, the exchange of the information reflecting the instantaneous DL/UL traffic/buffer status of each individual cell ought to be supported. Each eNB collects and exchanges the above information via X2 interface. The DL/UL configurations can then be determined and optimized with respect to each cell cluster by accounting for not only the interference patterns but also the traffic status. If CCIM is incorporated with other interference coordination schemes, e.g., CoMP CS/CB like algorithm, the information of small-scale fading parameters between eNBs and scheduling decisions ought to be measured and exchanged between eNBs.
Proposal 3: If coupling loss-based cell clustering scheme is employed, eNB measures and exchanges RSRP information over X2 interface. If other indicators of interference levels between eNBs are used, new reference signal design may be demanded and the measured interference indicators should be exchanged between relevant eNBs.
Proposal 4: Information reflecting the DL/UL traffic status of each individual cell should be exchanged between relevant eNBs to determine and adjust the cell clustering results and DL/UL configurations of cell clusters.
4 Conclusion
In this paper we discussed related issues to employ CCIM in LTE TDD eIMTA. Additionally, we analyzed the associated necessary interference measurements between eNBs and backhaul signalling requirements. In summary, we provide the following proposals:
Proposal 1: Consider adaptive cell clustering schemes taking into account not only interference patterns but also traffic status.
Proposal 2: CCIM should keep the flexibility of allocating DL/UL resources within the same cluster and between different clusters and should be incorporated with other IM schemes.
Proposal 3: If coupling loss-based cell clustering scheme is employed, eNB measures and exchanges RSRP information over X2 interface. If other indicators of interference levels between eNBs are used, new reference signal design may be demanded and the measured interference indicators should be exchanged between relevant eNBs.
Proposal 4: Information reflecting the DL/UL traffic status of each individual cell should be exchanged between relevant eNBs to determine and adjust the cell clustering results and DL/UL configurations of cell clusters.
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