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1. Introduction

In this contribution, we provide some high level views on the principles for the design of CoMP feedback. It is widely agreed that CoMP should be supported only when significant gains are demonstrated over the existing methods.  Feedback is a crucial issue that determines the performance of CoMP and has been identified as one of the major issues in the CoMP study item document [1]. In the following we provide some design principles:

1. Hierarchical framework: The feedback for CoMP can be categorized into the following components 

a. Serving cell CQI/PMI
b. Reporting set cells channel direction (CDI/PMI)

c. Reporting set cells channel magnitude (CMI/CQI)

For non CoMP operation only the serving cell PMI/CQI is fed back. For coordinated beamforming, the channel direction information of the interfering cells needs to be added; for joint processing, both the channel direction and magnitude of the reporting set are added to the feedback. This framework can be used as a baseline in conjunction with implicit feedback.

2. Implicit feedback: One of the major points of discussion during Rel. 10 feedback standardization was the issue of implicit versus explicit feedback. For implicit feedback, the EESM-based link abstraction model used for CQI calculation is consistent with that of the data demodulation. This is not true for explicit feedback. For example, with channel covariance feedback, the instantaneous channel covariance is averaged linearly across various RBs and fed back to eNB. Although this type of feedback provides greater flexibility at eNB in scheduling, precoding and MCS assignment, there is a considerable performance loss because the channel-magnitude information that is conveyed by the linearly-averaged covariance is not consistent with the EESM link abstraction model. More details are provided in the companion contribution [3].
3. Limited size of Reporting and Cooperating sets: The size of the reporting and cooperating sets determines the feedback overhead and scheduler complexity. Constraining the size of the reporting set to 2 or 3 is a good choice for homogenous network deployments.
4. Assumptions:

a. Codebook Reusability: It is preferable to reuse the Rel10 8Tx codebook in CoMP feedback for both the serving cell and interference cells. However, the 4TX codebook should be revisited since it lacks resolution.
b. Scheduler Issues:  The centralized scheduler for CB/JP should be assumed to have reasonable complexity. For example, exhaustive search for coordinated scheduling can provide significant gain, but it may not be feasible in practice. Also, the exchange of UE feedback data needs to be updated at the duration of feedback interval (for example 5ms) while the HARQ information (ACK/NACK) should be updated every TTI. 
c. Priority: CB/JP: It is preferable to prioritize CB over JP because of its relatively lower standardization impact and since JP has higher operational cost. However, it is not clear if CB can provide substantial gain over the already efficient MIMO schemes. 
In the next section, we provide an example of a high level scheme following the guidelines discussed above. 
2. An example feedback scheme

In the following, we provide a high level example of a feedback scheme for coordinated beamforming. The CoMP operation has the following sequence of steps. 

Measurement:
First, the UEs identify up to two strongest interfering cells apart from the serving cell based on RRM measurement (RSRP/RSRQ). If the interference from the strongest cell is less than a certain threshold, that cell is not reported. The UEs then estimate the channels corresponding to the reporting-set cells based on CSI-RS observations.
Feedback:
The UE calculates CQI/PMI/rank of the serving cell using the existing codebooks and CQI definitions. The feedback is based on the assumption that interference from the cells in the reporting set will be eliminated, or greatly reduced, by the centralized scheduler. Hence, the SNR is defined as the ratio of signal to noise plus interference outside the reporting set. In addition, the UE can also send a non-COMP CQI which includes the interference from the reporting set cells. 
For each of the interfering cells in the reporting set, the UE approximates the channel with an element in the PMI codebook. The rank of the quantized channel can be constrained to 1 or 2 depending on whichever yields minimum quantization error. 

Scheduling and Transmission:

Each cell receives the feedback from its served UEs. Based on the type of coordination, data is either exchanged between cells or via a central controller to perform scheduling. The coordinated scheduler uses the serving-cell CQI and reporting-set PMI’s to compute MMSE/zeroforcing precoder for coordinated beamforming, and re-adjusts the UE CQI. The best combination of users is then scheduled. 
The additional overhead compared to that of the existing specification is the extra two PMIs for the reporting cells.  For the case of 4x2 MIMO, the single cell feedback consists of 9 bits per CQI report. With this CB scheme, the additional feedback overhead is 10 bits (4 bits PMI and 1 bit rank for each of the interfering cell).

3. References
[1] RP-101127, Study Item, Coordinated Multi-Point Operation for LTE, RAN#50, Istanbul, Turkey

[2] R1-094906, “Downlink MU-MIMO with Coordinated Beamforming and Scheduling”, Marvell, Jeju, Nov 2009
[3] R1-110269, “Performance Evaluation of CoMP”, Marvell, Dublin, January 2011
- 2/2 -

