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1. Introduction 
Cell interference—both inter and intra-cell— is a clear limiting factor in the performance achievable with LTE Rel-8, especially for cell-edge UEs. Enhanced interference cancellation techniques should be supported in LTE-A in order to enable greater benefit to be derived from the use of multiple-antennas. This document examines weaknesses in existing LTE interference mitigation techniques for the case of intra-cell interference (MU-MIMO) and, based on current trends and agreements reached and captured in [1], suggests improvements.

2. MU-MIMO interference management: Rel-8 approach
As explained above, 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 likely to be 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. Currently, LTE suffers from following limitations, rendering it unable to fully harness the benefits of MU-MIMO interference suppression techniques:

a) The UE does not normally know the precoding vectors selected for other UEs, so it has a problem calculating the best receive processing vector that maximises its SINR [2].

b) Maximising SINR for individual UEs does not necessarily result in the maximum sum-rate for the given pool of UEs.

c) Sending only one PMI indicator does not account for the fact that the eNB may be operating under different transmit hypothesis. Put another way, the eNB has little flexibility in its choice of transmit beamformer.
d) A large or even infinite number of receive beamforming vectors may be possible.
e) Precoded UE-specific RSs are only supported for a single spatial channel.

f) Since they occupy the same RE, a UE cannot easily use UE-specific RS to determine the precoding applied for transmission to another UE (or UEs). 
In the following section we address these issues and propose improvements.
3. Proposed improvements
One approach intended to tackle the issues under a) above 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. 

A way of implicitly conveying to a UE the precoding applied to other UEs has been proposed in [3]. An alternative approach that we propose here would be for the eNodeB to signal to the UE a receive combining vector which to apply. This would mean that only one vector would have to be signalled to each UE.
The first enhancement to the current system proposed is therefore the introduction of the ability to inform a UE which receive beamforming vector to use. This approach also obviates the need for the UE to calculate/estimate a value for the receive beamforming vector which might not be optimal (see under b) above).
To support the eNodeB in calculations of the appropriate receive combining vector to be signalled to a UE, we further propose enhanced signalling from the UE. As an example, the UE could report two PMI indicators corresponding to two receive combining vectors. 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. This approach would successfully tackle the problem under c) above.
As an additional level of information fed back to the UE, UE could feed back the composite channel (radio channel + receive combining vector calculated under Rel-8 assumptions). This complete knowledge of the channel (from transmit antennas at the eNodeB to after receive processing has been performed) would allow the eNodeB to schedule users who have orthogonal composite channels, again relaxing the restrictions under c) above.

To address the issue under e) above, it has been agreed to introduce multiple orthogonal UE-specific DRS in LTE-A. DRS can be used to obtain a channel estimate of the combined channel formed by the precoding and the radio channel, as a result alleviating the problem of c). We would like to highlight here another beneficial use of Rel-10 DRS design, namely the possibility to further improve interference suppression by inferring precoding applied to transmissions to other UEs, helping to remedy the problem under f). The basic idea has already been summarised in [3].
The problem with using only UE measurements is that interference environment in any future subframes may be different to that derived from past history. We attempted in this section to rectify this fundamental limitation of Rel-8 via a number of signalling techniques intended to improve interference mitigation capabilities of UEs. Another approach, drawing on what was just said about DRS, would be to allow the UE to monitor in an informed way the various DRS sequences in its cell (and/or neighbouring cells) and report to the eNodeB. To improve UE receiver performance the eNodeB can provide the indication of the DRS sequences used in the same cell. Going one step further, it would be advantageous to additionally inform the UE whether it should assume that its own measurements of particular DRS sequences are to be interpreted on the basis of spatially white interference or on the basis of spatially localised transmissions.
4. Conclusions

Interference management is a key aspect which needs to be addressed to improve spectral efficiency in order to meet the LTE-A requirements. This is in line with general trends in MU-MIMO interference management, as outlined in [1] (as especially relevant for CoMP operation). An approach to signalling to support intra-cell interference mitigation algorithms in the UE has been introduced in this document. In particular, the following should be further considered:

· The eNodeB signals to the UE the receive combining vector that it should use for receiving a particular spatial channel;
· The UE reports more than one PMI to the eNodeB under the assumption of different receive combining vectors;
· The eNodeB signals to the UE information on the DRS(s) being currently used;
· The UE reports to the eNodeB measurements based on different DRS sequences.
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