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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—one such approach, where different PMIs are shared between neighbouring cells, has already been proposed in [1].
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. 
A way of implicitly conveying to a UE the precoding applied to other UEs has been proposed in [2]. An alternative approach we propose here 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 -- ]
8.1.3
Feedback in support of DL CoMP

The three main categories of CoMP feedback mechanisms have been identified to be: 

· Explicit channel state/statistical information feedback

· Channel as observed by the receiver, without assuming any transmission or receiver processing

· Implicit channel state/statistical information feedback

· feedback mechanisms that use hypotheses of different transmission and/or reception processing, e.g., CQI/PMI/RI 
· UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity. 

Look at these types of feedback mechanisms for the evaluations. UL overhead (number of bits) associated with each specific feedback mechanism needs to be identified. The feedback overhead (UL) vs, DL performance tradeoff should be assessed with the goal to target minimum overhead for a given performance.

UE CoMP feedback reports target the serving cell (on UL resources from serving cell) as baseline when X2 interface is available and is adequate for CoMP operation in terms of latency and capacity. In this case, the reception of UE reports at cells other than the serving cell is a network implementation choice. 

The feedback reporting for cases with X2 interface not available or not adequate (latency and capacity), and for cases where feedback reports to the serving cell causes large interference (e.g., in heteronegenous deployment scenarios) for CoMP operation needs to be discussed and, if found needed, a solution needs to be identified. 

Do not have to confine the CoMP studies to payload sizes currently supported by PUCCH operation..
Two possibilities should be studied the “container” of the DL CoMP feedback:

· Expand the supported PUCCH payload sizes

· Use periodic/a-periodic reports on PUSCH
Information provided by the network could assist the UE in generating appropriate feedback. Such information could include:

· Reference symbol patterns and scrambling applied for different UEs and for neighbouring cells

· Power allocation to be assumed by the UE in different RBs in both the serving cell and the neighbouring cells
8.1.3.1
Explicit Feedback in support of DL CoMP

This section lists different forms of explicit feedback in support of DL CoMP. They are all characterized by having a channel part and a noise-and-interference part. 

Channel part:

· For each cell in the UE’s measurement set that is reported in a given subframe, one or several channel properties are reported  

· Channel properties include (but are not limited to) the following (‘i‘ is the cell index):

· Channel matrix (Hi) – short term (instantaneous)
· The full matrix Hi, or

· main eigen component(s) of Hi
· Transmit channel covariance (Ri), where Ri = (sum{Hij†Hij})/J, j=0,1,2,…,J-1, (‘j’ is span over time or frequency)
· The full matrix Ri, or
· main eigen component(s) of Ri

· Inter-cell channel properties may also be reported
Noise-and interference part, e.g.,

· Interference outside the 

· cells reported by the UE
· CoMP transmission points

· Total receive power (Io) or total received signal covariance matrix
· Covariance matrix of the noise-and-interference
· the full matrix, or

· main eigen component(s) 

8.1.3.2
Implicit Feedback in support of DL CoMP

This section lists different forms of implicit feedback in support of DL CoMP.

· There are hypotheses at the UE and the feedback is based on one or a combination of two or more of the following, e.g.:

· Single vs. Multi user MIMO

· Single cell vs. Coordinated transmission 

· Within coordinated transmission: Single point (CB/CS) vs. multi-point (JP) transmission

Within Joint processing CoMP:

· Subsets of transmission points or subsets of reported cells (Joint Transmission)

· CoMP transmission point(s) (Dynamic Cell Selection)

·  Transmit precoder  (i.e. tx weights) 

· JP: multiple single-cell or multi-cell PMI capturing coherent or non-coherent channel across reported cells

· CB/CS: Single-cell or multiple single-cell PMIs capturing channel from the reported cell(s) to the UE

· Transmit precoder based on or derived from the PMI weight; UEs could report as many preferred PMIs as the number of receive antennas
· Other types of feedbacks, e.g. main Multi-cell eigen-component, instead of PMI are being considered

· Receive processing (i.e. rx weights) 
· eNB-aided: eNB signals to a UE a preferred receive combining vector
· Interference based on particular tx/rx processing
There may be a need for the UE to convey to the network the hypothesis or hypotheses used (explicit signalling of hypothesis to eNB). And/or, there may be a semi-static hypothesis configuration e.g. grouping of hypotheses (explicit signalling of hypothesis to the UE). And/or, precoded RS may be used to allow UE to generate refined CQI/RI feedback
[ -- sections deleted-- ]
8.3
Interference mitigation: synchronisation issues
Cancellation at the receiver of inter-cell interference, and intra-cell interference in the case of CoMP 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: see 8.1.3 above.

--- End of text proposal ---
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