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1. Introduction
In TSG RAN#53, a new WI, “Coordinated Multi-Point Operation for LTE” was approved, and it contains two core work tasks for downlink and uplink CoMP respectively [1].
It is agreed that the work for specifying CoMP support in Rel-11 should focus on:
- Joint transmission

- Dynamic point selection, including dynamic point blanking

- Coordinated scheduling/beamforming, including dynamic point blanking.
The UE CSI feedback scheme in support of DL CoMP is a key part of the new CoMP WID [3]:

“UE feedback scheme and related measurements

- individual per-point CSI feedback with or without complementary inter-point feedback as baseline. Aggregated CoMP feedback is not precluded. 

- potential enhancement of SRS for CSI measurement at eNodeB exploiting channel reciprocity 

- all schemes will be developed assuming that the UE reports CSI feedback based on the assumption of single-user transmission. This assumption causes no restriction on the SU/MU scheduling decision at the eNB when the PDSCH is demodulated based on UE-specific RS.”
In this contribution, we discuss and analyze the principles of the two main kinds of CSI feedback scheme for CoMP, namely aggregated feedback and per-point feedback. 
2. Aggregated feedback for CoMP

Aggregated feedback is a joint measurement of the whole radio channel matrix from multiple points. It is inherently able to support coherent JT, which has shown the best performance gains in both homogeneous and heterogeneous network CoMP evaluations [2].
In CoMP scenario 4, when multiple geographically separately transmission points in the CoMP measurement set are mapped to a single CSI-RS pattern and share the same cell ID, the UE can naturally form a single CSI report capturing both the intra-point and inter-point CSI. In this case aggregated feedback is completely compatible with the current Rel.10 feedback mechanism, and it is transparent to the UE whether the measured antenna ports are geographically separated or co-located. [4]
For example, in scenario 4 with a 4-tx RRH within the coverage area of a macrocell which also has 4 Tx antennas, a single CSI-RS pattern with 8 ports can be configured for UE measurement, and the UE will report a single CSI to its serving cell using the Rel.10 8-Tx codebook, such that the feedback depicts the aggregated channel from the macrocell and RRH.
Thus aggregated feedback is naturally supportable using the Rel.10 CSI feedback scheme, and has low overhead and UE complexity due to the fact that the CSI feedback is contained in a single report. However, for best performance, aggregated CSI feedback  from multiple points requires a higher-resolution PMI codebook to capture the inter-point phase and amplitude information, taking into account the  power imbalance and phase drift between the points.  Another limitation for aggregated feedback in Rel-10 is the total number of antennas supported since the PMI codebook in Rel-10 only supports up to 8 antennas.  
 Potential solutions to support aggregated feedback in Rel-11 are enhancing the resolution of the existing codebooks and providing a codebook for more than 8 Tx antennas. However, the latter may have practical limitations.   
3. Per-point feedback for CoMP

In order to support coherent JT, each UE needs to feed back not only a PMI for each TP in the CoMP coordination set but also the phase difference and possibly amplitude difference between each TP.  The serving cell then coordinates the generation of the precoding based on this information and sends the necessary information to the TPs in the cooperating set to generate the local precoding vectors for joint transmission.     
In order to further reduce the feedback overhead, the long-term and short-term channel characteristics can be considered separately with per-point feedback. A two-stage concatenated codebook design and feedback method is addressed in [5, 6] for geographically-separated antennas or TPs; the same two-stage feedback structure can also be used for single-cell or single-point x-pol antenna deployments [7].

Long-term average power imbalance between TPs and polarization direction of each TP can be captured in long-term and/or wideband feedback of W1, and short-term and/or subband feedback of W2 can further depict any amplitude and phase adjustment between different polarizations or different TPs. Consider three geographically separated TPs for example; the two-stage concatenated codebook is expressed as follows:
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where 
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 are DFT vectors for the long-term polarization direction of the TP, 
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 reflect any long-term power imbalance between TPs. In W2, 
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 respectively denote the amplitude and phase adjustment between different polarizations or different TPs.  Note that assembling the per-point feedback in this way in fact results in forming the aggregate feedback matrix for all cooperating TPs. 
Per-point feedback is a simple and straightforward method of providing feedback JT within the current LTE feedback framework.  This approach can incorporate any desired number of TPs  in the cooperating set.  The addition of feedback of inter-point phase/amplitude offsets between would enable the optimal performance gain from coherent JT.     . Such feedback can be flexibly adapted to larger numbers of antenna in the cooperating set to emulate the effect of global precoding.  The   feedback overhead can be controlled to a reasonable level by using the two-stage feedback method already introduced for 8 tx in Rel-10. 
4. Summary

In this contribution, we analyze and compare per-point feedback with aggregated feedback in principle. We make the following proposals:

In scenario 4:
· Further study of both aggregated and per-point feedback is needed for scenario 4, to compare the feedback overhead and performance.
In scenarios 1-3:

· Per-point feedback should be supported for scenarios 1, 2 and 3 with additional inter-point phase and amplitude feedback between the serving point and each other point in the cooperating set.  
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