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1. Introduction
In Rel-8, 9 and 10, frequency domain and time domain inter-cell interference coordination (ICIC) schemes were discussed, and these ICIC schemes are promising techniques for the inter-“cell” ICIC based on X2 signalling which is assumed to have relatively large latency. However, conventional ICIC schemes in previous specifications are unsuitable for inter-CoMP cluster interference coordination, especially CoMP scenario 4 in which multiple transmission/reception points share the same cell ID. In this contribution, we discuss considerations on inter-cluster interference coordination.
2. Discussions

2.1. The ambiguity of ICIC indication

In Rel-8, frequency domain ICIC had been discussed and as a result, several indications (which are exchanged between cells via X2 signalling) were defined (e.g. relative narrowband transmission power (RNTP), UL interference overload indication (IOI) and UL high interference indication (HII)). These indications are appropriate for ICIC between two neighboring cells, but it is unsuitable for ICIC between CoMP cluster in scenario 4. This is because each transmission/reception point in a cluster has the same cell ID but the corresponding inter-cell signalling in X2 interface is based on the cell ID, not the “transmission/reception point ID.” As a result, the message-receiving eNB cannot distinguish which point is relevant to the received ICIC indication. Figure 1 describes an example of RNTP indication in CoMP scenario 4. As shown in Figure 1, node 4 cannot know which transmission point in the cluster 1 performs high power transmission in the frequency resources indicated by RNTP message. From UE 1 perspective, RNTP indication from node 3 is of no importance due to the relatively large distance while the indication from node 1 and 2 plays an important role in the frequency ICIC (i.e., cluster 2 will schedule UE 1 in the PRBs in which node 1 and 2 promise low transmission power). Similar situation occurs in doing UL ICIC by exchanging IOI and HII.
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Figure 1. ICIC indication signalling in CoMP scenario 4
One possible solution for solving this problem is to exchange the point-specific ICIC message. This point-specific ICIC can be easily implemented by including the point ID (or virtual cell ID) in ICIC message so that the message-receiving eNB can distinguish the transmission/reception point relevant to the received ICIC message.
Proposal 1: It is suggested to consider the extension of ICIC messages to enable the point-specific interference coordination.
2.2. The impact of dynamic muting
Another aspect in ICIC between CoMP clusters is the impact of dynamic muting. As shown in Figure 2, it is possible that the muting operation can be dynamically performed within a single CoMP cluster via high capacity link (e.g. fiber optics). However, because the link capacity of X2 interface between CoMP clusters is much lower than the link between the points within same cluster in general, the eNB in the neighboring CoMP cluster is unable to follow the dynamics of the muting subframe pattern. This makes it difficult for the scheduler to take advantage of the muting operation performed in the neighboring CoMP cluster even though it is possible for the UE to see non-negligible interference from the transmission point(s) in the neighboring cluster. For example, in Figure 2, it will be beneficial to schedule UE 1 in a subframe in which node 1 and 2 mute their transmission but semi-static muting subframe configuration for the ICIC message exchange in X2 interface does not match the motivation of dynamic muting within cluster 1. 
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Figure 2. Interface between TPs in a same cluster/clusters
In order to enable further improved ICIC in the presence of dynamic muting, a kind of muting prioritization can be considered for the subframe set exchanged via X2 interface. For example, the entire subframes are classified into N groups of subframes according to the priority of muting operation of the message-sending cell (or a particular point in the cell) and this grouping information can be delivered from cluster 1 to cluster 2 in a semi-static manner. Then, cluster 1 performs dynamic muting in consideration of the delivered priority and its traffic load. To be specific, cluster 1 first selects the subframes in group 1 for the muting operation and, if additional muting subframes are required, some in group 2 are selected, and so on. In cluster 2, the cluster-boundary UEs are first scheduled in the subframes in group 1 with the expectation that cluster 1 will perform muting on those subframes with the highest priority, and if additional resources are needed for those UEs, some in group 2 are selected, and so on. By doing this, a CoMP cluster is able to take advantage of the dynamic muting operation of the neighboring cluster to some extent even with slow backhaul coordination. 
Proposal 2: It is suggested to consider the extension of ICIC messages to take advantage of the dynamic muting operation in the neighboring CoMP cluster.

3. Conclusion
We discussed in this contribution ICIC between CoMP clusters. The following was proposed based on the discussion:
Proposal 1: It is suggested to consider the extension of ICIC messages to enable the point-specific interference coordination.

Proposal 2: It is suggested to consider the extension of ICIC messages to take advantage of the dynamic muting operation in the neighboring CoMP cluster.
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