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Discussion
1
Introduction

The possibility of an LTE TDD network to dynamically change the TDD UL-DL frame configuration according to actual traffic conditions was first studied in R11 as a part of eIMTA SI [1] and its results and findings were summarized in TR38.828 [2]. It was demonstrated that significant improvements can be achieved in the resource efficiency and the overall system throughput by applying dynamic TDD UL/DL reconfiguration. However, it was shown that the use of different TDD UL-DL configurations in the adjacent TDD cells can result in considerable inter-cell interference which in turn, can be a limiting factor for the potential improvement. In order to reduce the impact of such inter-cell interference, it was proposed to deploy interference management mechanisms.

As a continuation of R11 SI, in Dec 2012 RANP#58 eIMTA was agreed as an R12 WI with the following objectives [3]:

…to enable TDD UL-DL reconfiguration for traffic adaptation in small cells, including:

· Agree on the deployment scenarios for TDD UL-DL reconfigurations

· Aim to support the scenarios that contain at least pico or femto cells from the study item,

· Identify and agree on other scenarios (if any) to be supported; 

· Agree on the supported time scale together with the necessary signalling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signalling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;

· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signalling,

· Power control;

· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item;

· Specify applicable eNB and UE core requirements.
This WI should consider the work on other Rel-12 WIs specifically the small cell scenarios and requirements that may be defined.
In this contribution, we investigate the application of the power control, as one of the main candidate of interference mitigation, on TDD systems with dynamic TDD UL-DL frame reconfiguration. It is important to note that in the final design the power control may not be the only interference mitigation technique to be used and instead, it can be used along other interference mitigation techniques, e.g., cell clustering, interference suppressing, eICIC/FeICIC tools, etc., in order to improve the overall performance of TDD systems with dynamic TDD UL-DL frame reconfiguration capability.

2
Discussion
Subframe dependent interference condition
In TDD systems with dynamic TDD UL-DL reconfiguration, a subframe can be indicated as DL subframe for one cell and as an UL subframe for another cell, e.g., the neighbor cell. The interference level receive in one subframe may depend on several factors such as the number of adjacent cells, the direction of transmissions in the same subframe of those adjacent cells (e.g., the same subframe being treated as UL or DL), the traffic of the adjacent cells, etc. Although some of these parameters are the same from one subframe to another, e.g., the number of adjacent cells, some others may differ from one subframe to another, e.g., the direction of the transmission in the adjacent cells. The latter will result in experiencing different interference environment from one subframe to anther which may have a repeating pattern as well. For example, in all TDD UL-DL configurations some of the subframes are always DL (or UL) subframes no matter which configuration to chose. Therefore, the interference environment experienced by these fixed-direction subframes can be different from those which may have different directions in different cell. 
Observation 1: In a TDD system with dynamic TDD UL-DL reconfiguration, the interference conditions can be different from one subframe to another implying a system with subframe-dependent interference condition. 
This observation motivates the following proposal;
Proposal 1: Investigate whether the overall performance of a TDD system with dynamic TDD UL-DL reconfiguration can be further improved by considering the subframe-dependent interference conditions.
Main interference component: eNB-to-eNB 

In a legacy TDD system, most of the neighbor cells have the same TDD UL-DL configurations where in each subframe the direction of the transmissions in all those cells are the same. Therefore, the only two interference scenarios are UL-to-UL and DL-to-DL interference from neighboring cells, which are also the same for FDD systems. But as mentioned earlier, for TDD systems with dynamic TDD UL-DL reconfigurations the adjacent TDD cells may have different direction of transmissions in each subframe which results in two additional interference scenarios compared to those of legacy systems, i.e., 

· DL-to-UL (eNB-to-eNB) interference: the DL signal from a neighbor eNB interferes with UL signal from the UE at the receiver of the eNB of interest

· UL-to-DL (UE-to-UE) interference: the UL signal from a UE connected to a neighbor eNB interferes with the DL signal from the eNB at the receiver of the UE of interest
As shown in [2], the eNB-to-eNB interference is more server than that of the UE-to-UE interference. The eNB-to-eNB interference directly impacts the UL transmission quality.
Observation 2: In a TDD system with dynamic TDD UL-DL reconfiguration, the eNB-to-eNB interference is more severe compared to that of the UE-to-UE, limiting the quality of UL transmission. 

The above observation motivates the following proposal;

Proposal 2: Further investigate mechanisms to reduce the impact of eNB-to-eNB interference and to improve the quality of UL transmissions in systems with dynamic TDD UL-DL reconfiguration. 

Power control mechanisms for interference management
Generally speaking, there are two approaches to improve the quality of the communication in the wireless systems; either to reduce the level of the interfering signal at the designated receiver or to increase the level of the desired signal at the in designated receiver. In the following both of these approaches are briefly discussed.

DL Power Control (reducing the interference level): A typical eNB can limit its transmission power from one subframe to another, possibly without any specification requirement. However, an eNB needs to know how much and on which DL subframes to limit its transmission power, which in turn requires interactive communication and feedback between eNBs.
Proposal 3: Further investigate mechanisms providing inter-eNB coordination to achieve proper DL power control and to reduce the eNB-to-eNB interference.

UL Power Control (increasing the level of desired signal): Another alternative for improving the UL transmission in the presence of strong eNB-to-eNB interference is to increase the level of UE transmission power by performing UL power control. Although the UL power control feature already exists in LTE, but the same power level and mechanism is applied to all UL subframes and there is no distinction between different subframes. As noted in Observation 1, a system with dynamic TDD UL-DL reconfiguration may experience a subframe-dependent UL interference condition and in this case, the UL power control can be modified to account for such subframe-dependent interference condition by designing subframe-dependent power control mechanisms.
Proposal 4: Further investigate mechanisms providing subframe-dependent UL power control.

As an example, different power control components can be designed to be applied to different UL subframes.
3.
Conclusions and Recommendations

In this contribution, we discussed different power control mechanisms in the context of interference management for TDD systems with dynamic TDD UL-DL frame reconfiguration. As a part of this discussion, we evaluated the characteristic of such systems and observed the following:

Observation 1: In a TDD system with dynamic TDD UL-DL reconfiguration, the interference conditions can be different from one subframe to another implying a system with subframe-dependent interference condition. 

Observation 2: In a TDD system with dynamic TDD UL-DL reconfiguration, the eNB-to-eNB interference is more severe compared to that of the UE-to-UE, limiting the quality of UL transmission. 

Based on the presented discussions and observations, we recommend:

Proposal 1: Investigate whether the overall performance of a TDD system with dynamic TDD UL-DL reconfiguration can be further improved by considering the subframe-dependent interference conditions.
Proposal 2: Further investigate mechanisms to reduce the impact of eNB-to-eNB interference and to improve the quality of UL transmissions in systems with dynamic TDD UL-DL reconfiguration. 

Proposal 3: Further investigate mechanisms providing inter-eNB coordination to achieve proper DL power control and to reduce the eNB-to-eNB interference.

Proposal 4: Further investigate mechanisms providing subframe-dependent UL power control.
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