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1 Introduction

At RAN #59, it has been agreed that the interference mitigation schemes for systems with TDD UL-DL reconfiguration require further study [1]. The associated signaling support and necessary measurements (particularly, the eNB-eNB measurements) need to be identified. At RAN #72, potential interference mitigation schemes were mainly categorized into the following five cases, they are [2]:
· Cell clustering interference mitigation (CCIM)
· Scheduling dependent interference mitigation (DSIM)
· Interference suppressing interference mitigation (ISIM)
· Interference mitigation based on legacy schemes (such as eICIC/FeICIC scheme, CoMP schemes, MBSFN configuration schemes)
· Power control based schemes
The corresponding WF [3] made the following observations:
· Question: does the eNB measure on DL or UL subframe?
· Group need to agree on the need of eNB measurement

· Need to identify necessary air-interface specification changes to facilitate eNB measurement
· Take into consideration the current HeNB type of measurement (based on the addition of UE receiver in HeNB)
In this paper, we first discuss the potential interference coordination schemes in dynamic TDD systems for asymmetric traffic adaptation. Then, we provide some insights on the necessary signalling support and measurements in support of the interference coordination schemes.
2 Interference coordination schemes in dynamic TDD systems
In dynamic TDD systems, the interference induced by the mismatched transmission directions in neighbouring cells would dramatically undermine the achievable performance improvements obtained by the UL-DL reconfiguration. Hence, effective interference avoidance and/or mitigation schemes ought to be applied to compensate for the gain loss. By leveraging certain degrees of coordination between neighbouring cells, interference coordination schemes can be employed. In this contribution, by interference coordination, we mean that the time (i.e., the transmission directions) and frequency (i.e., the resource blocks) resources are assigned cooperatively such that strong cross-subframe interference between neighbouring cells can be effectively avoided/mitigated. In general, the interference coordination schemes may involve CCIM, DSIM, ISIM and legacy schemes (e.g., CoMP) as long as necessary measurements are enabled and the associated information exchange is allowed over the backhaul. Different interference coordination schemes can be operated independently or interacted with each other depending on practical implementations. In fact, jointly optimizing the time-frequency resource allocations for cross-subframe interference coordination results in an integer programming problem, which is hard to solve especially when the number of involved cells is large. In the following, discussions on the practical design of interference coordination schemes are provided.
2.1   Cell clustering
Cell clusters serve as the minimum coordination sets for the interference management and asymmetric traffic adaptation. The cell clustering can be conducted either in a dynamic manner, or semi-static manner depending on practical requirements. The cell clustering algorithms can be optimized in conjunction with the interference coordination schemes. Though exact metrics used to form the cell clusters can vary, they should at least reflect the propagation properties between the neighbouring cells. In [4], the mutual coupling loss (MCL) between the neighbouring cells is applied to perform the cell clustering. This is not only because the MCL can better characterize the loss in signal between neighbouring cells, but also it can be easily obtained by field measurements and/or ray-launching simulations of concrete deployments. However, the MCL mainly characterizes the large-scale fading parameters between neighbouring cells. Additionally, though neighbouring cells exhibit similar geometries, their traffic fluctuations may significantly vary from each other. Therefore, we propose cooperative cell clustering scheme such that the cell clusters are formed in a way that the predefined performance metrics are optimized with necessary measurements and information exchange between relevant cells. For example, the performance metric can be formulated as proportional to the ratio of the predicted sum of the DL and UL packet throughputs to the difference between the actual traffic demands and the UL-DL allocations of the cells of interest. With this setup, the cell clustering results can be refined to facilitate the interference coordination schemes. Necessary measurements (e.g., eNB-eNB interference measurements on the UL directions in estimating the sum throughput) and information exchange (e.g., the UL-DL allocation results between neighbouring cells) are demanded to conduct the cell clustering.
Proposal 1: Cell clusters should be formed in a cooperative manner such that both interference patterns and traffic conditions are taken into account
2.2   Cooperative resource allocation
As indicated above, interference coordination in dynamic TDD systems can be realized by means of cooperative time-frequency resource allocation. Here, the time-domain resource allocation refers to the dynamic UL-DL resource assignment. The frequency-domain resource allocation implies the PRB assignment. By jointly optimizing the time-frequency resource allocation, strong cross-subframe interference can be avoided/mitigated. However, the optimization problem is sometimes hard to solve especially when the number of involved cells is large. Hence, we propose to first optimize the UL-DL resource allocations for interference avoidance. Then, based upon the determined UL-DL configurations, coordinated scheduling of PRBs (or even beamforming) is conducted to further mitigate the cross-subframe interference. It is worth noting here that the proposed interference coordination schemes are performed on the basis of cell cluster.
CCIM can be considered as one form of the cooperative UL-DL resource allocation. That is, the UL-DL configurations are no longer determined by an individual cell, but are chosen on the basis of cell cluster. Straightforwardly, by aligning the transmission directions within the same cluster, the intra-cluster cross-subframe interference can be eliminated. This is achieved by utilizing the buffer status of the whole cluster to select the UL-DL configurations. However, as the traffic condition significantly varies from cell to cell and time to time, the selected UL-DL configurations may not be suited for any of the cell’s traffic demands within the same cell cluster. Additionally, other interference mitigation schemes would be difficult to be implemented if the same UL-DL configurations are determined by the cluster of interest. According to the above analysis, we first propose that the UL-DL allocations should not be restricted as the same within the same cluster. Instead, we propose that the transmission directions are allowed to be different in a cluster with optimized predefined performance metrics. One example can be found in [4], in which the cluster-specific configuration patterns are determined for interference avoidance and asymmetric traffic adaptation.     
Proposal 2: Transmission directions are allowed to be different within the same cluster and between different clusters
Proposal 3: The determination of appropriate UL-DL configurations are performed cooperatively on the basis of cell cluster with optimized performance metrics
After the determination of UL-DL allocations, intra-cluster cross-subframe interference may still exist as the transmission directions are allowed to be different in the same cell cluster. Hence, further interference mitigation is needed to enhance the system performance. At this phase, DSIM, ISIM, legacy schemes and power control can be performed in a coordinated manner to control the interference during crossed subframes. For instance, in [5], the SLNR-based coordinated scheduling/beamforming scheme is studied for interference cancellation. In [5], the frequency-domain resources (i.e., PRBs) are allocated cooperatively such that, the UL UEs are scheduled on the PRBs that are least interfered by the co-scheduled DL UEs, and further, the power leakage from the DL direction to the UL direction is minimized.    
2.3   Necessary measurements and specification impact
In order to facilitate the above presented interference coordination schemes, necessary measurements and information exchange over the backhaul are needed. Particularly, the interference measurement on the eNB-eNB link is highly desired. This is because the calculation of necessary performance indicators in performing the interference coordination schemes requires the knowledge of the eNB-eNB interference. To obtain the eNB-eNB interference, 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. The information to be measured between relevant eNBs could be long term channel information such as path loss. Additionally, short term small-scale fading parameters, such as the CSI between relevant eNBs may also be measured to adjust the DL beamforming vectors, the eNB power loading and PMI/RI for MIMO operation. As the cross-subframe interference (including both UE-UE and eNB-eNB interference) level significantly varies from the typical interference (i.e., eNB-UE and UE-eNB interference) level, dual CSI and CQI/SRS measurements should be triggered to refine the results of link adaptation, scheduling and etc. Finally, necessary information exchange between relevant eNBs is required as well to facilitate the interference coordination schemes in dynamic TDD systems. This information may include the traffic demands, scheduling results and interference measurements of all relevant cells. 
Proposal 4: At least, the eNB-eNB interference measurement ought to be performed to facilitate the interference coordination schemes; the measurement includes both long term and short term channel information
Proposal 5: Dual CSI, CQI/SRS measurements and reports should be supported to optimize the scheduling results for interference mitigation
Proposal 6: Necessary information, such as traffic demands, interference measurements, traffic demands and etc. should be exchanged among all relevant cells to facilitate the interference coordination schemes      
3 Conclusion
In this paper, we have discussed the interference coordination schemes and the associated necessary measurements in dynamic TDD systems. We provide our proposals as following:
Proposal 1: Cell clusters should be formed in a cooperative manner such that both interference patterns and traffic conditions are taken into account
Proposal 2: Transmission directions are allowed to be different within the same cluster and between different clusters
Proposal 3: The determination of appropriate UL-DL configurations are performed cooperatively on the basis of cell cluster with optimized predefined performance metrics
Proposal 4: At least, the eNB-eNB interference measurement ought to be performed to facilitate the interference coordination schemes; the measurement includes both long term and short term channel information
Proposal 5: Dual CSI, CQI/SRS measurements and reports should be supported to optimize the scheduling results for interference mitigation
Proposal 6: Necessary information, such as traffic demands, interference measurements, traffic demands and etc. should be exchanged among all relevant cells to facilitate the interference coordination schemes   
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