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1. Introduction
This document focuses on enhancements UE feedback that could be provided to support CoMP, as this is likely to be the major aspect relevant to RAN1 specifications in Release 10.  
The main proposals are considered, based on the most recent available RAN1 contributions on CoMP (i.e. typically at RAN1#59bis and RAN1#60).

Here we discuss the UE feedback required to support co-operative downlink transmission between two or more cells, irrespective of whether these are controlled by the same eNodeB or not. We do not consider here other issues such as whether it is beneficial if the UE is aware of which cells are supported by a given eNodeB or the network signaling aspects which may be needed to facilitate co-operative scheduling or transmission by different eNodeBs.  

2. Requirements
System-level performance gains for CoMP, at least under ideal assumptions, have been demonstrated in simulation by several companies. However, the practical performance will depend on sufficiently accurate channel state information being available to the scheduler(s) for the co-operating cells. Where this information would be provided by the UE, the aim should be to achieve low UL signaling overhead, preferably supportable by existing CSI-feedback structures. Another important aspect is reasonable complexity, both for the UE in making the measurements, and on the network side to be able to exploit the resulting feedback.   
3. Existing functionality

Features available in Release 8/910 can already support some forms of CoMP, at least to some degree, for example:

· CB/CS (Coordinated based beam-forming/scheduling) based on channel reciprocity (e.g. long-term channel reciprocity for FDD and short-term reciprocity in TDD)

· This is possible in situations where it is feasible for the relevant cells on the network side to make the necessary measurements on SRS, PUCCH and/or PUSCH. Limitations may arise from available UL power, or the interference environment at the eNodeB antennas. 
· Non-coherent JT (Joint Transmission) (e.g. use of single antenna MBSFN-type transmission from multiple cells)
· This would be limited to Rank 1 transmission. 

· Coherent JT (e.g. co-sited cells, calibrated base-station antennas with and correlated channels)

· This is feasible if the directional information (i.e. PMI) reported for one cell can also be extrapolated for other cells at the same site.  
It should be noted that, in general, since the transmissions hypothesis used by the UE in computing any CQI value would not be based on CoMP operation, the reported CQI would not be directly applicable for CoMP transmission without some compensation being applied by the scheduler. 
However, for the scenarios where CoMP is already applicable, the performance achievable with Rel 8/9/10 features should be used as a baseline against which to evaluate possible enhancements.

4. Feedback Enhancements 
A good review of candidate techniques for CoMP is included in [1]. Here we consider the scope for feedback enhancements within the existing periodic/aperiodic CSI reporting framework.
A good overall picture of the DL channel state for a single UE would be provided by a CSI report which included a single PMI for a set of potentially co-operating cells. However most companies seem to prefer CSI reporting schemes based on PMI for individual cells. One advantage of this approach is that it is more easily scalable for different numbers of cells in the “reporting set”, up to whatever limit may be set on the maximum number of CSI reports.  Furthermore, multiple per cell CSI reports are already supported in Release 10 for carrier aggregation, and CSI reports for CoMP may be able to re-use some aspects of this functionality.
In [2] the main options for CSI with a PMI for each cell in the CoMP reporting set are considered i.e.:
· Per-cell CSI (possibly similar to Rel 8/9/10)
· This is sufficient to support CB/CS

· Per-cell CSI + inter-cell phase information
· This can support precoding for joint transmission 

· The required phase information may be a few bits per additional cell [10]
· Per-cell CSI + inter-cell phase and amplitude information
· This allows additional flexibility in the precoder design   

· The amplitude information could be provided explicitly or implicitly via CQI 
In addition to multiple CSI reports for different cells, it may be necessary to consider different definitions/calculation methods for CSI.  In particular, depending on the cell to which the CSI report relates, the CQI value may be based on different assumptions about the cells which can co-operate, which cells will be sources of interference, and any cells which may jointly transmit, for example as discussed in [3].  In addition, the particular JT scheme should be considered e.g. as discussed in [14]. However, it may not be necessary for the UE to provide more than one instance of CSI for a given cell, provided the scheduler can extrapolate suitable transmission parameters if these would be different from the UE assumptions/recommendations. A full CQI value may not be needed for every cell. For example, as pointed out in [3], a “Delta CQI” can be provided under the assumption that the cell in question cooperates with the serving cell (or a “primary serving cell” if this concept is defined for CoMP).  Following this approach it may be possible to keep the existing feedback unchanged for the primary serving cell [e.g. 11].   
For joint transmission it would be beneficial for the UE to report PMI values corresponding to the preferred precoding for the cooperating cells. However, for CB/CS, where the aim is to minimize interference to transmissions from the serving cell [8], it could be more appropriate to indicate PMI(s) which should be avoided by neighboring cells (e.g. “worst companion” PMI).  The worst companion concept has also been proposed for MU-MIMO within a single cell [4]. It has been suggested (e.g. see [1]) that interference nulling requires more detailed PMI information than spatial multiplexing. This may have an impact on the required feedback granularity [9].
Other proposals for CSI reporting include the following:-
· Resource specific CSI, for example to focus potential use of CoMP on particular subsets of subframes [1]. This could use a bit map similar to that to be defined for eICIC. 

· Long Term CSI (possibly explicit), with incremental short term CSI [5]. 
· Explicit CSI, for example covariance matrix[6], (or a compressed version e.g. using SVD) [12]) 
· PMI indicating a sub-space spanned by a set of precoding matrices [13]
· Downloadable codebooks (e.g. [1])

· Scalar quantizer for explicit channel matrix [7]
· Feedback based on DM-RS [1]
5. Conclusions and Proposals
CoMP performance achievable using all the available existing system features should be the baseline for performance evaluation. Under the assumption that sufficient performance gain can be achieved, at least following approaches should be considered for CoMP feedback enhancement:-

· The CSI-feedback framework for multiple cells defined in Release 10 for supporting carrier aggregation is re-used/adapted to provide enhanced CoMP performance.   
· UE feedback is based on per-cell CSI with the possibility of configuring additional inter-cell information.

·  Possibly different feedback modes available for supporting CB/CS and JT
· CoMP operation may be based on defining a “primary serving cell” with additional (potentially) “cooperating cells”.
· Compared with Release 8/9/10, the calculation method/CSI report contents may be modified for CoMP e.g.:- 

· A “Delta CQI” for a cell may based on the assumption that it cooperates with the primary serving cell
· Specific assumptions on interference sources (e.g. cells outside the cooperating set)  

· PMI for additional cells may configured to be under the assumption of either JT or CB/CS (i.e. “worst companion”)
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