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1 Introduction

In the study item TDD enhancements to interference management and traffic adaptation different scenarios has been studied. For the dynamic traffic adaptation results has been presented for an isolated cell case in [1] and a separated pico layer in [2]. In this contribution, we present evaluations for a multi-cell pico only scenario with interference mitigation techniques.
2 Discussion
The evaluations for multi-cell pico only scenarios have been presented by a number of companies and it was observed that both cell edge user bitrate and average bitrate can be substantially improved even without any interference mitigation techniques. However, the benefits are smaller than in the isolated cell scenario [1] due to inter-cell interference. It remains to be studied further whether interference mitigation could bring some additional benefit. It is also interesting to study whether it could bring any benefits for a heterogeneous deployment which is discussed in a companion contribution [3]. In this contribution, we only focus on a multi-cell pico only scenario. For simplicity, we only focus on the case of fast adaptation with 10ms TDD reconfiguration periodicity. Discussions on the time scale and standardization impact for TDD UL/DL reconfiguration can be found in [4].

2.1 Interference mitigation

As explained in [4], fast adaptation can be enabled through dynamic signaling in a number of different ways. One way is to configure a subset of subframes to be static uplink or downlink while the others are configured to be flexible. In this contribution we assume subframe 3, 4, 8 and 9 as flexible subframes. As a result, cross link interference (eNB-to-eNB and UE-to-UE) would only happen in these flexible subframes. 

To investigate the impact of eNB-to-eNB interference we look at some average link propagation properties in this scenario. The experienced noise rise was shown if base station to base station interference is present. It can be observed in Figure 1 that about 50% of nodes will experience a noise rise in the order of 5 dB caused by the 1st strongest LPN interferer and the other 40% of the nodes will experience a noise rise higher than 40 dB. Only a small fraction of nodes will experience noise rise from 5 to 40 dB. Looking at the 2nd largest LPN interferer, it can be seen that more than 80% of the pico node would experience a noise rise within 5dB and less than 10% would experience a noise rise larger than 40dB. This indicates that at a lower system load where only some of the pico base stations are active, the eNB-to-eNB interference is actually not so severe, which explains significant gain of dynamic TDD UL/DL reconfiguration in pico only scenarios. This also indicates that this scenario is not ideal for studying interference mitigation schemes. Nevertheless, it remains to be studied whether interference mitigation could bring some additional benefit in this scenario or other.
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Figure 1 Increase in noise at LPN for eNB-to-eNB interference 
There are several possible ways to cope with the eNB-to-eNB interference. On one hand, one could reduce the pico node transmit power in the flexible subframes so that it does not generate excessive interference to UEs in neighboring cells who use the flexible subframes as uplink. However, this will degrade the downlink performance for its own cell. On the other hand, one could also increase the UE uplink transmit power in the flexible subframes so that the uplink quality is improved. At same time this increases UE-to-UE interference if the neighboring cells are using flexible subframes as downlink. In this contribution, we will focus on the later solution, i.e. increase the UE transmit power. A UE specific power control is applied in the flexible subframes so that the cell-edge UEs do not generate strong interference to UEs in neighboring cells in the downlink.
3 Simulation results 
Simulations are performed for a 0.5 MByte file size with a UL/DL traffic generation ratio of 1 to 2. Simulation results are presented as uplink and downlink cell edge and average bitrates as a function of traffic load. TDD configuration 1 is used as reference case and we compared the performance with interference mitigation and without interference mitigation. Simulation assumptions are the same as in [2].
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Figure 2 Mean user bitrate 
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Figure 3 Cell-edge user bitrate
It can be seen from the results by increasing the uplink transmit power there could be some improvement in the uplink performance, but at the same time the downlink performance is degraded. This is due to the increase in UE-to-UE interference and that further resources are used for uplink. 
Observation: By increasing uplink transmit power at the UE there could be some improvements in the uplink performance, but at the same time the downlink performances are degraded due to the increase in UE-to-UE interference. 
It should be noted that the above simulation results are done assuming one scheme for uplink transmit power control. There are other interference management and mitigation alternatives that are worth studying.  It is also noted that other deployment and propagation scenarios may provide significantly differentiating results. Therefore, we propose the following
Proposal: Study further interference mitigation techniques for dynamic TDD traffic adaptation.

4 Conclusion
In this contribution, we discuss the interference mitigation for dynamic TDD. Based on the simulation results, we have the following observation 

Observation: By increasing uplink transmit power at the UE there could be some improvements in the uplink performance, but at the same time the downlink performances are degraded due to the increase in UE-to-UE interference. 
Based on the observation and discussion, we propose the following
Proposal: Study further interference mitigation techniques for dynamic TDD traffic adaptation.
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