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1 Introduction
At the RAN#58 plenary meeting, the work item [1] “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” has been approved and included into the agenda of the RAN1#72 meeting. Several technical topics have been proposed for technical discussion. In this contribution, we share our views on interference mitigation schemes required to enable dynamic UL-DL reconfiguration in LTE TDD systems.
2 Discussion on DL-UL Interference Problem
The interference analysis conducted during the study item [2] has shown that the main DL-UL interference problem is at the base station side. The reason for strong eNB-eNB intercell interference is significant coupling on eNB-eNB links of neighboring cells, that may exist due to almost LOS propagation conditions, that may happen between some of the cells. If coupled cells have opposite transmission direction on given subframe, then cell receiving UL signal experiences significant amount of interference from the cell transmitting DL signals. This fact leads to negative UL SINR caused by several factors: strong coupling on eNB-eNB links, eNB transmission at maximum power and relatively low power of UEs UL signals due to UL power control. The probability of UE-UE interference problem is much less and it is not so severe due to higher attenuation at UE-UE links, lower UE UL transmit power, and low probability that two neighbor UEs belong to different cells and have active transmissions in opposite directions. Summarizing these facts it can be concluded, that using opposite transmission direction in small cells is beneficial for DL and harmful for UL transmission directions.
3 DL-UL Interference Mitigation Schemes

The DL-UL interference mitigation can be implemented in multiple ways. The simplest practical way to avoid DL-UL interference problem in small cells is to identify isolated cells and restrict dynamic UL-DL reconfiguration to isolated cells only. The more sophisticated techniques may apply cell clustering, scheduling dependent interference mitigation, some sort of power control, user traffic offloading or vendor specific solutions which are subjects of the next subsections.
3.1 Identification of Isolated Cells
Identification of isolated cells is the practical and robust approach for DL-UL interference mitigation [2]-[3]. It assumes that neighboring cells can measure the level of inter-cell coupling with small cells located in neighborhood. Using these measurements network can decide which cells are isolated cells. For instance during the studies of Pico cell deployment scenario it was shown that around 50% of deployed Pico cells can be considered as isolated and thus these cells may apply dynamic UL-DL reconfiguration independently from other cells. The identification of isolated cells may be done semi-statically and periodically monitored by the network. This DL-UL interference mitigation solution is UE transparent and thus attractive in terms of UE implementation.
3.2 Cell Clustering
Cell clustering method is further enhancement of isolated cell identification [2]-[4]. It assumes that coupled cells compose isolated cell clusters that may use different UL-DL configurations. Cells within cluster may dynamically adjust amount of UL and DL frame resources based on joint traffic conditions within the cluster. To avoid negative impact of eNB-eNB interference inside cluster, all cells may use the same UL-DL configuration. Additionally, if certain cells do not have traffic the cluster may be dynamically divided into isolated sub-clusters that independently adjust amount of UL and DL frame resources.
As it was shown in [4], the large percentage of cells (around 30%) form isolated clusters composed from 2 coupled cells only, which simplifies the dynamic control of UL and DL resources within cells, especially if coupled cells are controlled by one eNB. Similar to isolated cell approach, the cell clustering may be done transparently to UE terminals. In addition, cell clustering method is also beneficial in terms of UE-UE interference issues, since coupled cells within cluster may synchronize their transmission directions.
3.3 Power Control

The sophisticated power control mechanisms can be used as DL-UL interference mitigation techniques. For instance, one of the approaches is UL power control, that aims to increase the UE transmit power on flexible subframes, in order to overcome the interference from neighboring cell transmitting DL signal. The study in [5] has shown that significant UL power increase is necessary to improve UL SINR. Although it improves the UL SINR, it is not always sufficient to overcome DL-UL interference problem especially in case of strong coupling of eNB-eNB links. Additionally, it degrades the DL SINR performance since UE-UE interference issues become more noticeable. Another disadvantage of this approach is that it increases the UE power consumption and injects additional interference into the network.
Alternatively, the DL transmit power reduction or subframe blanking can be considered. The eNB may reduce DL TX power on flexible subframes. However, significant power reduction is needed to avoid the DL-UL interference on the neighboring eNBs, especially if eNB-eNB links are characterized by LOS conditions. The reduction of DL transmit power also makes system operation more sensitive to UE-UE interference which is more challenging to address. Beside sensitivity to UE-UE interference, the reduction of DL transmit power decreases the cell coverage range for subframes where the power reduction has been applied and thus affects link adaptation mechanisms. The decrease of coverage is not desirable for operator based deployments, however may be considered in application to Femto cells [6], which coverage range is expected to be small.
3.4 Advanced eNB Interference Cancellation
The DL-UL interference problem may be also addressed by eNB vendor specific solutions based on advanced interference cancellation techniques, such as spatial interference cancelation at the TX and RX side, successive interference cancellation, etc. For instance, if one eNB controls operation of coupled cells, the victim cell receiving UL signal may be aware about the signal transmitted by the neighboring aggressor cell and may utilize this knowledge for cancellation of DL-UL interference. Alternatively, victim cell may try to decode the signal from the aggressor cells and then use it to suppress interference from aggressor cell. The feasibility of these techniques may be limited by the relative difference in receive power between DL interference and UL signals useful signals, and backhauling assumptions.
4 Measurements and Coordination
In all DL-UL interference mitigation approaches the eNB-eNB measurements are required for DL-UL interference mitigation schemes. Some of DL-UL interference mitigation techniques may be based on the simple pathgain measurements. The vendor specific interference cancellation solutions may require more sophisticated channel estimation on eNB-eNB links. These measurements are not required to be done often taking into account stationary placement of small cells. In addition, the coordination among cells may be used to perform eNB-eNB measurements and facilitate DL-UL interference mitigation.
5 Conclusions

In this contribution, we have provided our views on DL-UL interference mitigation mechanisms that can be applied in systems with dynamic UL-DL reconfiguration at the small cell layer (low power nodes). In our view, the approaches based on identification of isolated cells and cell clustering methods are straightforward solutions that should be supported by LTE TDD technology. These solutions are transparent for UE implementation and do not introduce UE-UE interference issues and thus may be considered as valuable practical options. The usage of DL and/or UL power control or other techniques may be further discussed jointly with the target deployment scenarios. The evaluation of incremental performance gains comparing to cell clustering or isolated cell based techniques may be considered. In summary, we have following proposals:
Proposal 1:
Consider cell clustering based methods for handling DL-UL interference problems in practical LTE-TDD systems.
Proposal 2:
Consider to introduce eNB-eNB measurements and coordination to facilitate DL-UL interference mitigation techniques.
Proposal 3:

Further discuss other DL-UL interference mitigation schemes and analyze tradeoff between implementation complexity and incremental performance gains comparing to cell clustering schemes.
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