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1. Introduction 
A list of different forms of feedback in support of DL CoMP has been agreed after the meeting in San Francisco via email discussions [1]. In this document, we discuss issues related to codebook design for different categories of CoMP. In particular, we propose a simple approach to codebook design to provide suitable feedback for Coherent Joint Transmission in CoMP.  
2. Discussion 
CoMP Categories can include the following:
1. Joint Processing: Where the UE data is available at each transmission point. 
a. Joint Transmission of the same data to a UE from multiple transmission points at the same time
i. Coherent PDSCH (requiring knowledge of channel phase difference between access points)

ii. Non-coherent PDSCH

b. Transmission of different data to a UE from each transmission point at the same time

i. Beamformed (aiming to achieve spatial orthogonality at the UE)

ii. Non-coherent PDSCH
c. Dynamic cell selection: PDSCH transmissions may be made to a UE from more than one cell, but only one cell transmits at a time.
2. Coordinated Transmission: Where the UE data is only available at one transmission point (i.e. serving cell)

a. Co-ordinated Beamforming: PDSCH precoding is chosen to mitigate interference to other UEs   
b. Co-ordinated scheduling: PDSCH transmission to the UE do not occur from other cells at the same time as from the serving cell 

In each case we assume the following by default:- 

· The UE may receive more than one spatial layer (and the corresponding dedicated reference symbols)

· The UE is not explicitly aware (i.e. by signalling) of which transmission points contribute to a particular layer  
· The UE is not explicitly aware (i.e. by signalling) of transmissions to other UEs occurring at the same time

However, there may be circumstances in which there is some performance benefit if the network provides the UE with information about which transmission points are active and/or the presence of transmissions to other UEs (which may be from the serving cell or other transmission points). For example, in the case of multiple antennas at the UE, interference rejection may be improved if such information is available.  
UE Feedback
Using single cell UE feedback as a baseline (i.e. non CoMP), we can consider the following possibilities

1. UE feedback of CQI for multiple single cells 

· Multiple CQI values per cell could be reported for different assumptions (e.g. different transmission mode, transmission rank, and interference). 
2. UE feedback of information related to channel transfer function (including channel rank) for multiple single cells e.g.

· Quantised channel vectors(s)/matrix

· Preferred precoding vector(s)/matrix

Reporting both CQI and channel information described above would be sufficient for scheduling DL transmissions from one or more single cells and would support all the considered CoMP categories except Coherent Joint Transmission (1.a.i), as discussed in more detail below.
Feedback suitable for Coherent Joint Transmission requires: 

· Either a multi-cell channel codebook 

· Or, a method of using feedback based on single cell codebooks for multi-cell transmission
Codebook Design

For most CoMP categories UE feedback based on single cell channel codebooks would be sufficient (assuming extension of the Release 8 codebooks from 4x4 up to 8x8). The UE could feedback a separate codeword index to represent the channel for each cell. CQI information could provide amplitude information per cell. However, this is not sufficient for a full channel representation, since the phase relationship between channels from different cells would be undefined. However, most of the envisaged CoMP schemes do not require transmissions with a particular phase relationship between cells, so independent feedback per cell should be sufficient in those cases.   
For Coherent Joint Transmission we could extend the approach for single cells to cover multiple cells and design codebooks up to 8N x8 where “N” is the number of cells. However, a simpler approach would be to re-use single cell codebooks. 

As an example let us assume 8 Rx antennas per cell and 8 Rx antennas at the UE. Let us also assume that an 8x8 codebook is already designed for UE feedback. Then the multi-cell channel can be efficiently specified with N entries from the 8x8 codebook with and addition set of N-1 phase rotations. The phase rotation is specified with respect to a reference and for convenience we can take the phase reference as the codebook entry for the serving cell. The phase difference could be quantised to 2 or 3 bits.      
This approach would also be applicable for “downloadable codebooks” [2]. For example in a scenario with highly correlated channels, then a codebook consisting entirely of DFT based entries would give good performance for a calibrated linear antenna array in a single cell. However, the antenna arrays from different cells are not necessarily jointly calibrated and therefore to properly represent the channels with multiple cells would require a DFT codebook entry per cell and a phase factor between cells.   
3. Conclusions
In this document, we have proposed a simple technique to re-use single cell codebooks for UE feedback with multiple cells. In the few cases where it is necessary (e.g. Coherent Joint Transmission) we propose that the UE provides the phase difference information between the cells. This technique will allow the use of existing or new (e.g. 8x8) codebooks designed for single cell to be re-used in CoMP without the need to introduce a larger size of codebook to support CoMP.
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