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1 Introduction
Interference mitigation is a critical problem for adaptive TDD systems since severe eNB-to-eNB interference may occur if this problem is not well solved. In the technical report of the Study Item phase [1], several potential interference mitigation schemes for adaptive TDD systems are identified. In the contribution, we analyze the feasibility of these methods. 
2 Discussion
Four potential solutions for interference mitigation are given in [1]. In the following, we make comments on each of them.
2.1 Scheme 1: Cell clustering interference mitigation
In this scheme, the cells are divided into cell clusters according to some metric(s), such as coupling loss, interference level, etc between cells. The active transmissions of all cells in a cell cluster shall be aligned (either uplink or downlink) in all subframes, so that eNB-to-eNB interference and UE-to-UE interference can be mitigated within the cell cluster. The operation should avoid using the same subframe for some cells as UL while as DL for some other cells in the same cluster. But if it does happen, it should be only when the resulting interference is under control. 
This scheme can be interpreted as controlling the interference among neighboring cells by means of the coordination of their UL-DL configurations. While the motivation of adaptive TDD systems is to adapt the amount of uplink and downlink subframes to the uplink and downlink traffic ratio, the cell clustering method needs to consider the interference constraint in choosing the UL-DL configuration, i.e. interference mitigation among neighboring cells. Therefore, it can be expected the gain of TDD UL-DL configuration adaptation will be degraded due to the constraint. Consider the scenario that the transmissions of all cells in a cluster have the same direction in all subframes. In this case, as the number of cells in a cluster increases, the mismatch between the uplink and downlink subframes ratio defined for the cluster and the actual downlink and uplink traffic ratio in a cell can become larger in most of the cells.
Table 1. TDD UL-DL configurations 3 and 5

	Uplink-downlink 

Configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D


The inherent contradiction is always here between the desire to allow maximal UL-DL adaptivity to traffic need and the scheduling constraint that one must observe due to interference. If we fix the transmission direction only for a subset of subframes while allowing more dynamic bi-directional usage of other subframes among the cells in a cluster, the problem still exist even though UL-DL configuration becomes more flexible and may fit better with the traffic pattern. Suppose all cells in a cluster choose either UL-DL configuration 3 or 5 (see Table 1), where the cells in all subframes except for #3 and #4 have the same transmission direction. For subframes 3 and 4, dynamic coordination among cells may be used for traffic adaptation as well as interference avoidance, e.g. cells with UL-DL configuration 3 can suppress uplink transmissions in subframes 3 and 4 so that cells with UL-DL configuration 5 can use those for downlink transmissions, etc. Such kind of resource sharing between cells can be done by eNB scheduling. However, due to the practice of existing HARQ timing, some uplink and downlink subframes are bundled, meaning that e.g. in UL-DL configuration 3, if the uplink transmission of subframe 3 is to be suppressed, no downlink transmissions in subframes 7 and 8 are allowed (i.e., no UL grant or DL transmission that requires HARQ-ACK). Therefore, some resources are still not being used. The cell clustering method may not be useful without allowing more efficient usage of resources such as relieving the scheduling constraints due to existing HARQ timing.  
Observation 1: The cell clustering method controls the interference among neighboring cells by means of coordinating/aligning their UL-DL configurations, which inevitably degrades the effectiveness of adaptive TDD systems.

Observation 2: When the cell clustering method is applied, by allowing some subframes to have dynamic transmission directions, effectiveness of adaptive TDD systems may be improved. However, resource usage supporting the dynamic transmission directions of these subframes is constrained by existing HARQ timing. 
Proposal: Study on enhancement of resource usage, e.g. simplifying the existing mechanism of HARQ timing, is required. 
2.2 Scheme 2: Scheduling dependent interference mitigation 
In the scheduling dependent method, the eNB adjusts the scheduling strategies, e.g., dynamic decision on transmission direction of a subframe, link adaptation, resource allocation, transmit power, by taking into account the eNB-to-eNB and UE-to-UE interference constraint, the downlink and uplink channel quality, traffic loading, etc. The adjustment of scheduling strategies can be based on the variation of the observed interference, the estimation of induced interference, inter-cell interference coordination information exchange, and/or cell load. 
Among the scheduling strategies being mentioned, link adaptation and transmit power belong to the category of “soft interference avoidance” in that all the resources are used in every cell but the modulation levels, coding rates, and transmit powers on different portions of the spectrum of cells are optimized to minimize the interference (fixing MCS and power levels can be regarded as a special case where the scheduling decision is kept unchanged with the variation of the observed interference, cell load, etc). The scheduling decision requires information exchanges between cells and normally dynamically adapts to traffic patterns, interference, and other changes. When the convergence rate of the eNB scheduling algorithm is not fast enough, this type of the scheduling dependent method may not work well.
The strategies of resource allocation and dynamic decision on transmission direction of a subframe can be seen as another category of “hard interference avoidance” methods, where different sets of resource is reserved for each cell to achieve interference avoidance. For resource allocation and transmission direction of a subframe, resources distribution is binary, e.g. a portion of time-frequency resources is assigned to a particular cell, or only the downlink (or uplink) transmission is allowed in a particular subframe to benefit cells with certain UL-DL configurations. For link adaptation and transmit power, resources distribution is in an “analog” form, e.g. all the resources are shared among cells but each has different transmit power for interference minimization. In our opinion, resource allocation and transmission direction of a subframe is more feasible in adaptive TDD systems as the solution of the scheduling decision problem has a lower dimension, and therefore the complexity is lower and it is likely that the time needed in converging the solution is shorter than the coherence time of traffic load, interference characteristics, etc. 
However, the scheduling dependent method based on resource allocation and transmission direction of a subframe also suffers from the problem that was described in the section of the cell clustering method. Specifically, if a particular subframe is assigned to a cell, other subframes originally tied with the indicated subframe due to existing HARQ timing are also unusable for all other cells. 
Observation 3: The scheduling dependent method based on resource allocation and dynamic decision on the transmission direction of a subframe suffers from the same difficulty as the cell clustering method in term of efficient resource usage due to existing HARQ constraints. Some enhancements supporting more efficient usage of resources are required.
2.3 Scheme 3: Interference mitigation based on eICIC/FeICIC schemes

This method reuses the interference mitigation schemes and procedures from eICIC/FeICIC to TDD UL-DL reconfiguration based on traffic adaptation, e.g., almost blank subframes, restricted RLM/RRM measurements, dual CSI measurement reports, etc.. 

It is useful to have this method function jointly with Schemes 1 and 2. The concept and mechanism of almost blank subframes and fake uplink subframes can be applied under the scenario that some subframes (called “flexible subframes” for short) in the UL-DL configurations of cells have different transmission directions, and the scheduler dynamically decides the directions of these subframes based on the traffic need. If, for a particular flexible subframe, the transmission direction is scheduled to be uplink, then some downlink transmission can be still there, e.g. CRS, PBCH, PSS/SSS, and interference cancellation is required at the eNBs during uplink reception. 
Observation 4: Mechanisms in ICIC/FeICIC such as almost blank subframes, fake uplink subframes, and interference cancellation can be used together with cell clustering and scheduling dependent based interference mitigation schemes. 

2.4 Scheme 4: Interference suppressing interference mitigation
This scheme may be considered for UL transmission of either Pico or Macro cells. Suppression of one or more of the dominant eNB-to-eNB interfering signals may be possible, e.g. by enhanced receiver such as MMSE-IRC, or by joint transceiver technologies such as interference alignment or interference nulling.
We think this eNB receiver implementation based method is useful for eNB-to-eNB interference mitigation. 
3 Conclusion
In this contribution, some of the interference mitigation schemes identified in the Study Item phase were analyzed. We had the following observations and proposal.

Observation 1: The cell clustering method controls the interference among neighboring cells by means of coordinating/aligning their UL-DL configurations, which inevitably degrades the effectiveness of adaptive TDD systems.

Observation 2: When the cell clustering method is applied, by allowing some subframes to have dynamic transmission directions, effectiveness of adaptive TDD systems may be improved. However, resource usage supporting the dynamic transmission directions of these subframes is constrained by existing HARQ timing. 

Proposal: Study on enhancement of resource usage, e.g. simplifying the existing mechanism of HARQ timing, is required. 

Observation 3: The scheduling dependent method based on resource allocation and dynamic decision on the transmission direction of a subframe suffers from the same difficulty as the cell clustering method in term of efficient resource usage due to existing HARQ constraints. Some enhancements supporting more efficient usage of resources are required.
Observation 4: Mechanisms in ICIC/FeICIC such as almost blank subframes, fake uplink subframes, and interference cancellation can be used together with cell clustering and scheduling dependent based interference mitigation schemes. 
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