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1. Introduction

In the study item for LTE-A the CoMP related progress has been slow. There is a plethora of transmission and feedback schemes on the table, but very limited consensus on how to proceed or which techniques to adopt: Instead of narrowing down the scope new techniques are introduced. Moreover, most discussion as of yet has focused on generic feedback design in support of CoMP, rather than what feedback that is required for a specific candidate CoMP scheme.
To focus our efforts and achieve progress there is a clear need to instead start simple and to as large extents as possible build/expand upon features already available in LTE. An essential part of the CoMP concept relates to managing the inter-cell interference within the coordinating cells. This concept is already available in Rel-8 in the inter-cell interference-coordination (ICIC) framework, which provides a basic set of functionality. 

It is therefore proposed to build upon the current functionality and focus our CoMP efforts on extending the current ICIC to take advantage of multiple antennas for interference coordination in the spatial domain. 
Observations:

· CoMP progress slow
· We should start simple 
2. Extension of Rel-8 ICIC
The Rel-8/9 ICIC is based on three messages [1] that can be exchanged over the X2 interface. 

Relative Narrowband Tx Power (RNTP): The RNTP indicates, per PRB, whether downlink transmission power is lower than the value indicated by the configurable RNTP Threshold, see [2] . The receiving eNB may take such information into account when setting its scheduling policy.
UL Interference Overload Indication (IOI): The IOI indicates the interference level (high interference, medium interference, or low interference) experienced by the indicated cell on all resource blocks, per PRB. The receiving eNB may take such information into account when setting its scheduling for the uplink.
UL High Interference Indication (HII): The HII indicates, per PRB, the occurrence of high interference sensitivity, as seen from the sending eNB. The eNB that receives the HII should try to avoid scheduling cell edge UEs in its cells for the concerned PRBs.
The ICIC messages are assumed valid until a new message is received by the eNB. The RNTP and HII can be seen as the UL and DL counterparts: They both indicate which sub-band (or rather which PRBs) the eNB intends to allocate in the upcoming sub-frames, and implicitly asks the eNB that receives the message to avoid interference on these PRBs. The IOI, is more to be interpreted as information to a neighboring eNB on which PRBs there are significant interference. 
The downlink ICIC functionality of Rel-8/9 is thus limited to exchange of RNTP messages—there is no counterpart to the UL IOI for the downlink. Hence the Rel-8/9 downlink ICIC must be proactive, by means of a eNBA informing a neighboring eNBB which resources eNBA intends to use; it is up to eNBB to avoid using the same spectrum for its allocations (or using it with a lower transmission power). 
The main deficiency of the Rel-8/9 ICIC is that it is limited to coordination in the frequency dimension. Therefore, in order for an eNB to avoid interference to a neighboring cell, it has to be silent, or reduce the Tx power, on parts of the allocated bandwidth. Such silencing obviously penalizes the spectral efficiency in the cell. 

By extending the ICIC to coordination also in the spatial domain, silencing can to a large extent be avoided. Instead creation of interference is avoided by exploiting the spatial domain. Hence, an eNB could mitigate the inter-cell interference that it causes, without losing significant spectral efficiency in its own cells.

Observation:

· Main deficiency of Rel-8/9 ICIC is the lack of spatial interference coordination
3. Candidate Schemes

There are many conceivable methods of how to extend the ICIC functionality to the spatial domain, and it is by no means clear how to achieve the best performance. As a basic design principle we should however strive for a scheme that is robust against typical backhaul delays.  The extension could include eNB exchange of best (or worst) companion PMIs where a eNBA informs a neighboring eNBB that it preferably should use (or avoid using) a certain set of precoders (spatial directions), much in line with [3] . Such an exchange could also be proactive, as in the RNTP, where an eNB informs the neighboring eNBs a set of precoders that it expects to use for each sub-band (or per PRB) in the next 10-20 ms. Other kinds of spatial information exchange are also conceivable; for example, exchange of expected Tx Signal Covariance Matrix.
For an extension of downlink ICIC to the spatial domain, the eNBs must be able to determine how its allocated UEs are interfered by the neighboring cells, and which precoders that is compatible (or not compatible) for the neighboring eNB to use. This may require new measurements and feedback signaling from the UEs.    

Conclusion and Proposal
In order to harmonize the CoMP discussions and get progress we should initially aim for a simple scheme that builds upon existing features in Rel-8/9 of LTE. 

· We propose to restart our downlink CoMP study efforts by focusing on simple extensions of the Rel-8/9 downlink ICIC functionality to take advantage of the spatial domain. 
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