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1 Introduction

Time-Domain (TD) based enhanced Inter-Cell Interference (eICIC) was agreed in RAN1 as the way forward for co-channel heterogeneous deployment scenarios [1]. The X2 signaling for supporting the transmission of the Almost Blank Subframe (ABS) patterns from the aggressor cell to the victim cells is therefore needed in order to enable the TD-based eICIC schemes.
In this contribution, we explore the applicability of some self-organized mechanisms designed for supporting TD-based eICIC functionalities and provide our technical recommendations.
2 Discussion

In the non Close Subscriber Group (CSG) Macro-Pico co-channel deployment scenario, the Macro-cell is the aggressor, while the Pico-cell is the victim. In this case, it is reasonable that the aggressor should be responsible to enable the ABS function and send the ABS pattern to the victim Pico-cells within the Macro-cell’s coverage area. To achieve this objective, the aggressor should be able to associate itself with all relevant victim cells, and trigger the TD-based eICIC procedure if severe Inter-Cell Interference (ICI) is detected in the victim cells. While this may be attained through the Operations, Administration and Maintenance (OAM) configurations, it is desirable to adopt more automatic methods, namely the proposed self-organized mechanism based arrangements, which are also preferred from the perspective of operators [3].
2.1 Automatic cell association
The first question is how to associate the aggressor cell with each victim cell concerned. This is equivalent to create the association with each other, the aggressor cell should be able to determine whether a specific neighbour cell is a victim cell, and vice versa.

The above objective can be achieved based on the existing mechanism. The presence of severe ICI can be detected by the victim cell. Moreover, the victim cell can identify the dominant interfering sources by Radio Resource Management (RRM) measurement reports sent from the UE, or by its Network Listen Mode (NLM) capability. Specifically, all these dominant interfering sources may be seen as the candidate aggressors by the victim. 
In addition, the cell type information could be used to further help the victim identify aggressor cells. Currently, the cell type information of neighbour cells, carried in the UE History Information [2] IE, reflects the related neighbour cell size, as indicated by its categorised value (‘very small’, ‘small’, ‘medium’, and ‘large’). In the non-CSG scenario, typically, the cell size of the victim (namely Pico-cell in this case) is smaller than the aggressor’s (namely Macro-cell in this case). Therefore, the cell type information may be used for assisting in judging the role (aggressor or victim) of the neighbour cells. On the other hand, in the CSG cells, with the aid of the measurement report sent from the UEs, the network is aware of whether a neighbour cell is a CSG cell or not. If it is a CSG cell, then it is also an aggressor for its nearby non-CSG cells.
Once those aggressors are identified, an interference indicator, which will be discussed in the next section, can be sent to the aggressors for specifying the severity of ICI. Upon receiving the indicator from the victims, it is up to the aggressor’s decision whether to trigger TD-based eICIC functions and, if triggered, which ABS pattern to be used. Therefore, the interference indicator would be helpful from the aggressor’s perspective, since it facilitates the aggressor in triggering TD-based eICIC. With the aid of the interference indicator, a loose association can be created between the aggressor and its victim cells. This is a simple solution that does not need significant standardisation effort.
Proposal 1: It is proposed to create a loose cell association between the aggressor and its victim cells through transmitting an interference indicator from the victim to the aggressor.
2.2 Interference indicator
As discussed above, it is suggested that an interference indicator is sent from the victim cell to the aggressor cell in order to inform the aggressor of the severity of ICI. There are several options for this purpose:
1. Frequency-Domain (FD) sub-band interference information;
2. An ABS pattern recommended by the victim;
3. A single indicator from the victim.
Option 1: FD sub-band interference information
Firstly, FD sub-band interference information is not that informative in the context of the co-channel heterogeneous network deployment scenario. This is because in such a scenario, the FD interference is typically a wideband instead of a narrowband type of interference. In other words, the interference usually exists over the whole FD bandwidth. Moreover, in the narrowband scenario, the conventional ICIC technologies supported in Rel-8/9, such as for example FFR, shall be applied. Hence, Option 1 may be inappropriate to be used as the interference indicator.
Option 2: An ABS pattern recommended by the victim

Option 2 has some advantages if RAN1 can standardize a limited set of ABS patterns [4]. In this case, the victim can choose a preferred ABS pattern according to the interference and/or load levels, time shifting, CSI-RS patterns, etc. For example, if the traffic load in the victim cell is low, a pattern with less ABS resource is preferred, which helps to reduce the control signalling overhead. Otherwise, a pattern with higher ABS resource should be used. Moreover, if RAN1 concludes that the CSI-RS transmission needs to align with the ABS patterns, then the victim can further take its CSI-RS into consideration when recommending an ABS pattern to the aggressor. By employing Option 2, the victim can not only notify the aggressor of the severity of ICI, but also provide a preferred ABS pattern.
Proposal 2a: A preferred ABS pattern is recommended by the victim cell to the aggressor cell about the interference level, if a limited set of ABS patterns is standardized in Rel-10.
In the case of a limited set of ABS patterns is not agreed in Rel-10, then Option 2 is not preferred for several reasons. Firstly, the potential overhead may be too high, especially in the case that the size of the bitmap-based ABS pattern can be as large as 40 bits for FDD or 70 bits for TDD. Secondly, a victim cell may have no knowledge of the interference level in other victim cells. Consequently, the bitmap recommended by various victim cells may be different, making it difficult for the aggressor cell to decide the best pattern to be used.
Option 3: A single indicator from the victim

Considering the issues in Option 2, a better choice may be to use a single indicator, which indicates the interference level for the aggressor. However, considering that it should be able to adjust/switch the ABS bitmap/pattern according to the actual severity of ICI, a one-bit indicator (interference in presence or not) may be insufficient. Thus, at least a three-level indicator (high/medium/low) is suggested, which borrows the definition of the Overload Indicator (OI) defined in Rel-8/9.
Proposal 2b: A three-level interference indicator should be sent from the victim cell to the aggressor cell about the severity of ICI, if limiting the set of ABS patterns is not agreed in Rel-10.
Given the interference indicator form the victim, the aggressor will have the knowledge of how many victims are within its coverage area, as well as the interference levels of each victim. The detailed algorithm for how to choose an appropriate ABS pattern at the aggressor cell is an implementation issue.
Proposal 3: How to choose the ABS pattern at the aggressor cell is implementation-specific and does not need to be standardized.
3 Conclusion
In this contribution, we discuss some self-organized mechanisms to support TD-based eICIC. It is suggested for RAN3 to agree on the following proposals:
Proposal 1: It is proposed to create a loose cell association between the aggressor and its victim cells through transmitting an interference indicator from the victim to the aggressor.
Proposal 2a: A preferred ABS pattern is recommended by the victim cell to the aggressor cell about the interference level, if a limited set of ABS patterns is standardized in Rel-10.
Proposal 2b: A three-level interference indicator should be sent from the victim cell to the aggressor cell about the severity of ICI, if limiting the set of ABS patterns is not agreed in Rel-10.
Proposal 3: How to choose the ABS pattern at the aggressor cell is implementation-specific and does not need to be standardized.
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