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1. Introduction 
Inter-cell interference is a clear limiting factor in the performance achievable with LTE Rel-8, especially for cell-edge UEs. In general the approach taken in Rel-8 is one of randomisation, where inter-cell interference is whitened but not removed. 

Interference cancellation techniques should be supported in LTE-A in order to enable greater benefit to be derived from the use of multiple-antennas. 
2. Inter-cell and Intra-cell Interference Management

A prerequisite for inter-cell interference cancellation in the UE with reasonable complexity is synchronisation of the network. We believe that network synchronisation is both feasible and strongly beneficial in the timeframe of LTE-A; we therefore consider that LTE-A cells should not be required to support key LTE-A functions without network synchronisation, so that an LTE-A UE operating in an LTE-A cell can typically assume that the LTE-A cell is synchronised with neighbouring LTE-A cells. 

We further believe that provision of suitable signalling to assist interference mitigation algorithms in the UE should be considered for LTE-A. Examples of such signalling could include:
· information on reference symbol patterns and scrambling applied for different UEs and for neighbouring cells;

· information on power allocations on different RBs in both the serving cell and neighbour cells;

· information to enable interference nulling for transmissions to other users in MU-MIMO.

We believe that this improved signalling is required both within the access network and to/from the UE.

2.1

Signalling to support interference nulling for MU-MIMO
We consider here in particular the provision of support for interference nulling at the UE in the case of MU-MIMO. Currently in Rel-8 the UE can infer that another UE is scheduled in the same RBs by means of the 3dB power offset indicator, but receives no explicit information as to the best receive combining weights to use to eliminate the interference from the transmission to the other UE. 
As all LTE-A UEs will have multiple receive antennas (as is indeed already the case for Rel-8 UEs), it makes sense to provide suitable support to enable the antennas to be used to null the multi-user interference. 
One useful approach is to signal directly to each UE the whole transmit precoding matrix rather than just the precoding vector for that UE. However, as the number of antennas at the eNodeB increases (e.g. to 8 in LTE-A, with the possibility of up to 8 UEs being scheduled in the spatial domain in MU-MIMO mode), such signalling starts to result in a high overhead—for example, 8 vectors would have to be signalled to each of the 8 UEs. 
An alternative approach would be for the eNodeB to signal to the UE a receive combining vector to apply. This would mean that only one vector would have to be signalled to each UE.

As a further development of this approach, the UEs could report as many preferred precoding vectors (PMI) as the number of receive antennas. For example, a UE with 2 receive antennas in MU-MIMO mode could report two PMI indicators, one corresponding to each receive antenna (i.e. corresponding to receive combining vectors (1, 0) and (0, 1)). Alternatively, any two orthogonal receive combining vectors could be used to generate the two reported PMI indicators. For example, the UE could report two PMI indicators corresponding to the receive combining vectors (1, -1) and (1, 1) respectively. 

The eNodeB could then use any linear combination of such vectors, which would give the eNodeB an additional degree of freedom in selecting UEs to schedule spatially in MU-MIMO mode: instead of only being able to select UEs whose effective channels were orthogonal based on a single receive combining vector selected by the UE, the eNodeB could select UEs which could be made orthogonal by means of different receive combining vectors being applied at each UE. 

3. Conclusions

Interference management is a key aspect which needs to be addressed to improve spectral efficiency in order to address the LTE-A requirements.
In particular:

· Network synchronisation should be assumed as the default.

· Signalling to support inter-cell and intra-cell interference mitigation algorithms in the UE should be provided. 

· For MU-MIMO:

· The UEs should report as many PMI vectors as the number of receive antennas that can be used for interference nulling. 

· The eNodeB should signal a preferred receive combining vector to each UE scheduled in MU-MIMO mode. 

A corresponding text proposal for TR36.814 is provided below:

--- Start of text proposal ---
8
Coordinated multiple point transmission and reception
Editor's note: This section will capture techniques such as enhanced interference coordination and cooperative MIMO

Coordinated multi-point transmission/reception is considered for LTE-Advanced as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput.

[ -- sections deleted -- ]

8.3
Interference coordination
Cancellation at the receiver of inter-cell interference, and intra-cell interference in the case of MU-MIMO transmission, is considered as a tool to improve coverage and data rates, especially at the cell edge. To support such techniques, it is assumed that cells operating according to LTE-Advanced will be synchronised within a geographical region. Additionally, signalling of key parameters to support receiver interference mitigation techniques is considered. Such parameters may for example include:

· Information on reference symbol patterns and scrambling applied for different UEs and for neighbouring cells;

· Information on power allocations on different RBs in both the serving cell and neighbour cells;

· In MU-MIMO mode:
· Signalling of multiple PMI vectors by the UE;
· Signalling of a preferred receive combining vector by the eNodeB.
--- End of text proposal ---









