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1 Introduction

As a part of the physical layer procedure, inter-cell interference mitigation is widely relevant to physical (PHY) layer designs, medium access control (MAC) layer designs, inter-cell coordination, and inter-eNB coordination. The purposes and scopes of those designs may be much different from each other and hard to be harmonized as a single layer operation. In the LTE system [1], three approaches to the inter-cell interference mitigation are currently being considered.

· Inter-cell-interference randomization

· Inter-cell-interference cancellation

· Inter-cell-interference co-ordination/avoidance
On the other hand, based on the same basic principles (even under different terminologies) lots of companies are proposing to use “Multi-Cell MIMO” to change the interference signal into useful signal through joint processing at the coordinated eNBs [2, ..., 10]. Essentially, this is a more aggressive (or efficient) way of performing inter-cell interference mitigation. 
It is interesting to note that both inter-cell interference cancellation and multi-cell MIMO focus on the scenario where the eNBs are transmitting to their intended UEs in the same frequency band simultaneously. The corresponding system setting is illustrated in Fig.1 for the case where two eNBs are talking to two UEs in the same frequency band simultaneously.
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Figure 1: Two eNBs are communicating with two UEs simultaneously

In Fig. 1 the serving base station for UE1 is eNB1 and the serving base station for UE2 is eNB2. Let 
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be the number of transmit antennas at the eNBs, 
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 be the number of receive antennas at the mobile users. Also let 
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 be the respective channel gains. Then the received signal at UE1 and UE2 can be represented by
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where 
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 is the 
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 vector of received signal at mobile user i, 
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 is the 
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 vector of transmitted signal at base station i, and 
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 AWGN noise vector. We know that the particular technologies to optimize the system performance heavily depend on the system assumptions. That is, depends on the coordination level we are able to allow in the system, we may need to use different technologies to perform the inter-cell interference mitigation. Therefore, this contribution tries to set up a unified framework of jointly considering inter-cell interference cancellation and multi-cell MIMO based on the shared information between the coordinated eNBs. By doing this, we can identify various operation modes of the coordinated system and try to characterize various technologies to improve the system performance under different operational modes.

2  Various Operation Modes

In this section, we try to identify various operation modes of the coordinated system. In order to do this, let us take a second look at the interfering system described in Fig. 1. In this system, we have four channel gain matrices which are 
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. Furthermore, we have two sets of data: one set is intended for UE1 while the other set is intended for UE2. Accordingly, the information shared between the two eNBs in Fig. 1 is classified into two categories: channel knowledge related information and data information. 

In the category of channel knowledge related information, we have three situations: no channel knowledge sharing, partial channel knowledge sharing, and total channel knowledge sharing among base stations.

1. In the case of no channel knowledge sharing, each eNB only knows the information related to the channel between himself and his serving UE. That is, eNB1 only knows information related to 
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 while eNB2 only knows information related to 
[image: image20.wmf]22

H

.

2. In the case of total channel knowledge sharing, the information related to 
[image: image21.wmf]11

H

, 
[image: image22.wmf]12

H

, 
[image: image23.wmf]21

H

, and 
[image: image24.wmf]22

H

 are shared between the two eNBs.

3. In the case of partial channel knowledge sharing, a subset of the information related to 
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 are shared between the two eNBs. For example, eNB1 may only know information related to 
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 while eNB2 only knows the information related to
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Similarly in the category of data, we can also three situations: no data sharing, partial data sharing and total data sharing among base stations

1. In the case of no data sharing, each eNB only has the data for his intended UE.

2. In the case of total data sharing, both eNBs have access to both of the data.

3. In the case of partial data sharing, both eNBs have access to part of the other UE’s data.

By dividing channel sharing and data sharing into different situations, we obtain the following 3 by 3 grid. The various operation modes together with the potential technologies that may help to improve the system performance are listed in Table 1.

Table 1: Potential Technologies in Various Operation Modes

	CSI/Data Sharing Among eNBs
	No Data Sharing
	Partial Data Sharing
	Full Data Sharing

	No CSIT Sharing
	(1-1) Inter-cell Interference Coordination
	(1-2)
	(1-3) Inter-cell open loop MIMO/TxD

	Partial CSIT Sharing
	(2-1) Beam Collision Avoidance
	(2-2)
	(2-3)

	Full CSIT Sharing
	(3-1)
	(3-2) MIMO X Channel (Interference Alignment)
	(3-3) Multi-Cell MIMO


3 Potential Technologies

In the case of (1-1), since no information is shared between the eNBs, we can apply inter-cell interference coordination to mitigate interference. The basic idea of this technology is to schedule cell-edge users in different frequency bands so that the information is mitigated. Fast inter-cell interference coordination [4] and semi-static inter-cell interference coordination [11] may be good candidates within this category.

In the case of (2-1), we may consider about beam collision avoidance where UEs send feedback information about least interfering precoding vectors of the interfering eNBs and suggest them to use it. In this sense, the interference can be mitigated by limited coordination.

In the case of (3-2), we may utilize the results from MIMO X channel (interference alignment) [12] where we jointly design the precoding matrices such that the intended signals are orthogonal to the interference signals.

In the case of (3-3), we can apply the standard multi-cell MIMO method where joint beamforming and MIMO broadcast channels with individual power constraints on each eNB (Zero-forcing, Dirty Paper Coding) can be applied.  

4 Conclusion

Inter-cell interference management is a promising technology to realizing the targets of IMT-Advanced on the cell-edge throughput. In this contribution, we provide a unified framework to analyze inter-cell interference cancellation together with multi-cell MIMO. We show that various operation modes exist for inter-cell interference mitigation and the particular technologies to improve cell-edge throughput really depends on the underlying operation mode. 
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