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1 Introduction

At the RAN3#70 meeting, one use case has been identified in eICIC discussions that a Pico-cell (Pcell) may suffer from interferences from multiple Macro-cells (Mcells). Hence, the Pico-eNB (PeNB) will benefit from a common ABS pattern provided by coordinated Macro-eNBs (MeNBs) nearby [1][2][3]. With the aid of the common ABS pattern, the Pico-eNB can effectively exploit the ABS resources and thus being able to improve its achievable system throughput, especially for the cell-edge Pico-UEs (PUEs). Such a relationship between these coordinated MeNBs may be defined as the inter-eNB coordinating set, which includes the PeNB and all the neighbouring MeNBs that impose severe interference on the Pcell.
The procedure to get the common ABS pattern may consist of several steps as following:

1. Each eNB of the coordinating set should identify the roles of other eNBs in the context of TD-ICIC;

2. Set up the coordinating set of eNBs with respect to TD ICIC;

3. Exchange information about ABS patterns among the eNBs in the coordinating set;
4. Deduce the common ABS pattern.

In this contribution, we focus on the common ABS pattern issue and discuss the essential conditions for each of the aforementioned steps. Our objective is to justify whether the existing X2 signalling procedure can achieve solve the issues concerned or new X2 features should be implemented to support the TD-ICIC operations.

2 Discussions
2.1 Determination of the role of a cell
According to the TD-ICIC mechanism, the ABS pattern is provided by MeNB for the PeNB to avoid severe ICI on PUEs. The role of each eNB im terms of requesting or offering ABS, depends on the eNB type (for example, MeNB or PeNB). Naturally, such roles should be first be determined in ICIC operations. This means the PeNB can distinguish a neighbouring MeNB from neighbouring PeNBs and Home-eNB (HeNBs), and vice versa.

Basically, we share the similar view with [1], that O&M configuration can fix this problem. Furthermore, the situation here is quite similar to the HeNB addressing issue of ANR discovery procedure, which was resolved by [4]:
The eNB may differentiate the open access HeNB from the other types of (H)eNB by the PCI configuration or ECGI configuration.
Since the above statement is an endorsed solution, it makes sense to extend it to the Macro-Pico ICIC scenario. Moreover, identification of eNB type is also beneficial for handling the RNTP properly where the ABS is activated, as discussed in [5]. Therefore, we propose that the eNB should be able to identify the type of a neighbour eNB (i.e. MeNB/PeNB/HeNB) by PCI or ECGI configurations.
Proposal 1: The eNB should be able to identify the type of a neighbour eNB (i.e. MeNB/PeNB/HeNB) by PCI or ECGI configurations. Such a working assumption shall be captured in stage-2 specification.
2.2 The coordinating set of cells for TD-ICIC
The concept of the coordinating set implies some operational constraints:
1. the coordinating set is defined per Pcell;

2. the PeNB shall not request those MeNBs that do not belong to the same coordinating set for ABS resources;

3. the MeNB shall only coordinate with the other MeNBs in the same coordinating set for negotiating the common ABS pattern.

Obviously, since the coordinating set is Pcell-specific, the PeNB can identify which eNB should be included in the set and shall implement the second constraint. Therefore, one straightforward method is a Pico-centric way, where the PeNB designates itself and the related MeNBs as a coordinated set by sharing X2 messages among them.

On the other hand, the MeNB can also recognize whether another MeNB belongs to the same coordinating set through the existing X2 signalling procedure, namely the X2 setup or eNB configuration update procedure. Because the MeNB and PeNB involved in ABS operations are expected to have X2 support, when the MeNB finds the ECGI/PCI of another Mcell included in the Neighbour Information IE associated with the Pcell, it can figure out that the other MeNB is a legitimate candidate of this set. In this case, no additional X2 signalling is required.
Observation 1: When a MeNB is a PeNB’s neighbour and it is ABS-enabled, it is able to identify whether the other eNBs neighbouring to the PeNB  is a candidate for coordination of common ABS pattern.
2.3 Information exchanged in the coordinating set
The first question to be addressed is what kind of information should be exchanged in the coordinating set. Based on that, how to exchange the information is the second question.

With respect to the first question, the fundamental information that can facilitate a MeNB for inter-eNB coordination is the ABS patterns proposed by other MeNBs and the utilization status of the ABS patterns. Once the MeNB acquired the information, it can decide whether its ABS pattern needs to be adjusted. On the other side, a PeNB only needs the ABS pattern provided by the aggressor MeNB and reports its utilization status of ABS resources to the MeNB as required. 

There are two methods for exchanging the ABS pattern:

· star-topology solution

When the PeNB received ABS patterns from multiple MeNBs, it constructs a proper pattern (e.g. composite ABS pattern) and responses each MeNB about the resulting ABS pattern. This method has additional impact on current X2 specification.

· ad-hoc solution

As section 2.2 mentioned, the MeNB can identify the other MeNBs belonging to the coordinating set. The MeNB can exchange their own ABS patterns with each other directly through the X2 Load Information messages, i.e., in the ad-hoc way [3]. Although the LI is originally defined between macro and pico, as long as the receiving MeNB can interprets the message properly, it can be easily reused to coordinate ABS patterns between macros. Given the ECGI/PCI configuration method proposed in section 2.1, the receiving MeNB can deduce that the received ABS pattern is used for inter-eNB coordination for common ABS pattern.  

The ad-hoc method may cause more overhead than the star-topology solution. However, the number of Mcells surrounding the Pcell is small, which means the overhead is negligible. On the other hand, the advantage is this method is already available. Hereby, considering that the two solutions have the same output, we propose that the ad-hoc solution should be admitted.
Besides the ABS pattern information, the utilization status of ABS resource from the PeNB is helpful for the MeNB to choose a new ABS pattern. It’s reasonable to assume that the MeNB will trigger the PeNB to report the information after it received an ABS invoke indication IE from the PeNB. 
Proposal 2: The MeNBs belonging to the same coordinating set of time-domain ICIC can directly communicate with each other to exchange the ABS pattern information. A MeNB, who received an ABS pattern information, shall consider the information as an indication for inter-eNB coordination of common ABS pattern.
2.4 Methods for coordination
The methods for coordination can be categorized into the following: the OAM-based and the RAN-based. The OAM-based method is actually a centralized solution, whereas the RAN-based method is a distributed solution that relies on the inter-eNB negotiation for coordination of common ABS pattern. 
There are some concerns on whether the distributed coordination between the MeNBs can converge to a consensus of common ABS pattern, or a common subset of ABS pattern. However, each MeNB has its unique experience of the radio environment, working load and QoS policy, which means keeping the distributed method as an option is meaningful; otherwise some significant operational cost will be unavoidable. Moreover, the number of eNBs involved in this operation is limited, and the ABS configuration is unlikely to be changed frequently, so that a well-defined algorithm can resist the possibility of oscillation. Last but not least, the distributed coordination can be supported for (almost) free, because the stage-3 changes are already there. Therefore, we propose that: 
Proposal 3: The distributed solution of exchanging ABS patterns between the MeNBs shall be supported to coordinate common ABS pattern. 
3 Conclusion and proposals
The discussion in this paper presents the basic steps for the inter-eNB coordination of common ABS pattern and the essential characteristics of each step. Our observations are that no additional signaling procedure is needed based on the principal agreements in RAN3#70 meeting, while some stage-2 requirements for time-domain ICIC shall be captured in specification. We suggest RAN3 to agree on the following proposals:
Proposal 1: The eNB can identify the type of a neighbour eNB (i.e. a MeNB/PeNB/HeNB) by PCI configuration or ECGI configuration. Such working assumption shall be captured in stage-2 specification.
Proposal 2: The MeNBs belonging to the same coordinating set of time-domain ICIC can directly communicate with each other to exchange the ABS pattern information. A MeNB, who received an ABS pattern information, shall consider the information as an indication for inter-eNB coordination of common ABS pattern.

Proposal 3: The distributed solution of exchanging ABS patterns between the MeNBs shall be supported to coordinate common ABS pattern. 
With respect to the proposals, a corresponding stage-2 CR is provided in [6]. 
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