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1. Introduction
In TR36.828 [1], we have discussed and evaluated the feasibility of practical implementation of TDD UL-DL reconfiguration based on traffic adaptation for future TD-LTE system in heterogeneous networks where small cells (e.g. pico and femto) are deployed without/within the macro cell coverage area. Based on the simulation results presented in [1], it can be concluded that TDD UL-DL reconfiguration for traffic adaptation provides substantial improvements in terms of DL and UL packet throughputs over the some baseline scenarios. Particularly, the interference mitigation schemes as a technical challenge were noted to realize the performance improvements for TDD UL-DL reconfiguration. Accordingly, this contribution presents the brief view and additional considerations on the interference mitigation schemes for TDD UL-DL reconfiguration.
2. Discussion
During study item phase for TDD UL-DL reconfiguration for traffic adaptation, it was confirmed that eNB to eNB interference is one of the most significant challenges that limit the application of cell-specific dynamic TDD UL-DL reconfiguration in TD-LTE system. For the evaluated scenario where hotspot based outdoor pico cell deployment scenario is based, it was shown that significant performance loss occurrs in case of random selection of subframe directions in different outdoor pico cells due to different transmission direction among picocells. Therefore, in order to improve the UL/DL packet throughput performance in TD-LTE with dynamic TDD UL-DL reconfiguration, the interference mitigation scheme is highly recommended in many practical deployment scenarios.
2.1. Interference environment with TDD UL-DL reconfiguration
In our companion contribution [2], the possible deployment scenarios for TDD reconfiguration based on traffic adaptation are discussed focusing on outdoor pico cell scenarios where there is no much penetration loss. The interference between different layers (i.e. macro and small cell) occurrs mostly in the co-channel scenarios due to different transmission direction. In this case, there can be two kinds of interference comprising UE-to-UE and eNB-to-eNB interference in TD-LTE system with dynamic TDD reconfiguration as seen figure 1. The most significant interference is the eNB-to-eNB interference due to higher transmission power and strong coupling the other eNBs, since the statistical occurrence of UE-to-UE interference is much less than that of eNB-to-eNB interference in the typical deployment scenarios. Therefore, it can be concluded that the interference mitigation scheme would be better to focus on handling the eNB-to-eNB interference with high prioritization. 
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Figure 1: Inter-cell interference environments in TD-LTE with TDD UL-DL reconfigurations
During the SI phase, we have evaluated the TDD UL-DL reconfiguration based on traffic adaptation with the interference mitigation scheme compared to without interference mitigation or a fixed TDD UL-DL configuration in following scenarios and concluded it as below:
1. Multi-pico cell scenario (i.e. scenario 2 in [1])
- With interference mitigation, the higher packet throughput in UL than that without interference mitigation is provided. Meanwhile, depending on the interference mitigation and cell traffic load, higher or lower packet throughput in DL than that without interference mitigation may be provided, and for the latter case, the increase in UL packet throughput can be higher than the loss in DL packet throughput.
2. Co-channel multi-macro/pico cell scenario (i.e. scenario 3 in [1])
- With interference mitigation, the improved UL packet throughput for macro and pico cells compared to that without interference mitigation are confirmed together with similar DL packet throughput for macro cells, and improved or decreased DL packet throughput for pico cells depending on the interference mitigation scheme.
With the observation as above, it can be concluded that the amount of the performance improvements from TDD UL-DL reconfiguration based on traffic adaptation are depending on what interference mitigation scheme is supported especially for UL/DL packet throughput.
2.2. Possible candidate schemes
In [1], it has been shared that there are four candidate schemes for interference mitigation as followings.
· Cell clustering interference mitigation (CCIM)

Since strong interference between eNB and eNB arises from large coupling among near multiple eNBs, one basic approach to mitigate the interference is to ensure the same transmission directions among tightly coupled eNBs, which is named Cell Clustering IM (CCIM). The concept of CCIM is based on dividing the cells into cell clusters according to some metric(s), such as coupling loss, interference level and so on [1].
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Figure 1: Illustration of CCIM
In figure 1, it shows the basic application of CCIM. As seen figure 1, a cell cluster can comprise one or more cells. Hence, to implement proper isolation among cell clusters, excellent isolation scheme is strongly needed for the interference mitigation. In addition, this method can do to control UE to UE interference by properly forming the cell clusters between different cells, since the UEs connected in different cell clusters is highly likely to be isolated with respect to each other. Accordingly, the ability of an eNB to measure the signal from another eNB is a key ingredient of such a method. 
· Scheduling dependent interference mitigation(SDIM)
The SDIM is based on the eNB adjustments considering the scheduling strategies e.g. link adaptation, resource allocation, transmit power control, subframe direction considering various channel and traffic environments. And additional UE measurements and improved power control based on new signaling may be also needed as noted in [1]. In addition to these metrics for scheduling decision, the frequency of CQI feedbacks can be also considered with the scheduling dependent interference mitigation, since the usefulness of CQI feedbacks is highly depending on the short-term interference by instantaneous scheduling decisions of the neighboring cells. Since the interference is weakly correlated with that in subsequent subframes, the scheduling decision needs to be considered properly in interference mitigation perspective.
· Interference mitigation based on eICIC/FeICIC schemes
For Rel-10/11 eICIC/FeICIC, we have already specified and discussed the useful interference mitigation methods such as ABS, restricted measurement, dual CSI reporting and so on. Even if those from current ICIC techniques were not fully matched with the scenarios of TDD reconfiguration for traffic adaptation, it may be reused with some additional signaling or slight modifications for eIMTA. And also, it would be good references regarding whether new interference mitigation techniques can provide acceptable performance benefits or not, and it can be combined to handle the interference issues with the other mitigation schemes together. Therefore, it is preferred that current techniques from eICIC/FeICIC is fully reused as much as possible, or associated with the other good solutions if needed.
· Interference suppressing interference mitigation (ISIM)
ISIM is mostly implementation dependent method. There can be many implementations among various ISIM based solutions such as MMSE-IRC. Since dominant interference source is eNB-to-eNB, it may be preferable to apply the ISIM based solution especially for network implementation in UL transmission which is a key factor to improve the performance gain based on the evaluation results in [1]. If needed, additional signaling may be needed for assisting the interference suppression, which includes the network coordination information, measurement from eNB/UE, etc. 
3. Conclusion
This contribution has reviewed the interference environments with consideration of the evaluated results in TDD UL-DL reconfiguration based on traffic adaptation from SI phase and provided the brief view on each possible candidate method for the interference mitigation. With above observations, further discussion of interference mitigation is carefully taken into account with considerations of the other aspects including the signaling method, HARQ operation, backward compatibility and so on. 
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