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1. Introduction

In RAN#53 meeting, CoMP work item (WI) was approved to be prioritized in Rel-11. More attention should be paid to a common feedback framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. In RAN1#66bis, there were extensive discussions on what types of feedback should be studied. Also, it was proposed that feedback scheme should be composed from one or more of the following, including at least one of the first 3 sub-bullets:
· feedback aggregated across multiple CSI-RS resources
· per-CSI-RS-resource feedback with inter-CSI-RS-resource feedback

· per-CSI-RS-resource feedback

· per cell Rel-8 CRS-based feedback

In this contribution, we will provide our view on the first three multi-point CSI feedback schemes mentioned above.
2. Aggregated CSI feedback
The aggregated CSI feedback is suitable for coherent JT in the CoMP transmission modes. UE feeds back a single instance which is the global aggregated channel information to multiple TPs just like the global CSI feedback [1]. The global information can be the global precoding matrix, the aggregated channel matrix, the full transmit channel covariance matrix or its main Eigen components. Some advantages and disadvantages are described as follows.
Advantages:
The aggregated CSI feedback can take full advantage of the correlative channel information of all TPs, so it can achieve the best performance if it adopts a proper codebook.
Disadvantages:
First, the antennas ports for aggregated channel will be variable. If the total number of antenna ports at all the transmission points is not equal to 2, 4 or 8, the Rel-10 codebook could not be reused directly and a new codebook should be redesigned. For example, if one UE is served by a macro cell and two RRH cells with 4 antenna ports each cell, there is a need to design a 20
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2 codebook. Due to the amounts of aggregated antennas ports number in CoMP configuration, the design work of the new codebook will bring a huge standardization works.
Second, the aggregated CSI feedback is less flexible. We can obtain the PMI of global optimization in the aggregated feedback mechanism. However, individual optimized PMI can’t be expressed as the corresponding rows and columns of the global PMI. So it is difficult to derive the individual per-point channel information supporting the transmission of CS/CB and DPS from the aggregated channel information. So it is difficult to design the aggregated feedback as the common feedback framework.
Third, it has some problems while reusing the Rel-10 codebook. The Rel-10 codebook is designed for the uniformly located antennas with a close spacing. In aggregated feedback mechanism, the different AoD of multiple geography separated antennas results in unusable legacy codebook in Rel-10 [2].
Finally, the aggregated CSI feedback is related to transmission power imbalance. The different transmission power and large scale fading result in the imbalanced received power among the aggregated antenna ports [3]. The current Rel-10 codebooks are not suitable in this scenario. It will take some overheads for solving power imbalance in aggregated feedback.
So it is a big challenge to redesign a new type of aggregated codebook for Rel-11 due to the time limited and mass work of standardization perspective.
Observation 1:
For aggregated feedback mechanism, the feedback precision is the highest and the performance is the best. However, the codebook in Rel-11 should be redesigned to suit for more circumstances than that in Rel-10, which requires large efforts from standardization perspective.
3. Per-point CSI feedback 
The per-point CSI feedback scheme refers that individual channel state information of each relevant point is separately fed back [4]. The multiple point aggregated channel information and inter-point information is not considered, so the per-point CSI feedback is the most straightforward of all the three feedback schemes. Some advantages and disadvantages are described as follows.
Advantages:
First, legacy codebooks in Rel-10 can be reused as the independent single-point codebook so that the standardization effort on codebook design doesn’t need to be considered.
Second, the per-point CSI feedback can be applied into the various transmission modes for CoMP extensively, i.e., CS/CB, DPS and non-coherent JT [5].
Disadvantages:
The correlative channel information among all TPs cannot be derived accurately, so the performance will be decreased largely in coherent JT compared with the aggregated feedback.
Observation 2:
For per-point feedback mechanism, no change in codebook is needed, so little standardization effort need to be considered. Nevertheless, the performance of coherent JT will be decreased largely.
4. Per-point CSI feedback with inter-point information
In order to accommodate to coherent JT, the inter-point phase information can be added in the per-point CSI feedback. It is a compromise between the aggregated CSI feedback and the per-point CSI feedback. Some advantages and disadvantages are described as follows.
Advantages:
First, the per-point CSI feedback with inter-point phase information is a relatively flexible feedback mechanism. As the per-point CSI feedback, the Rel-10 codebook can be reused, and the standardization work of codebook design in Rel-11 only needs to focus on the inter-point information. Thus, the standardization effort on codebook design can be significantly simplified compared with that in the aggregated feedback mechanism.
Secondly, in this feedback mechanism, all of current transmission schemes of CoMP can be supported. Moreover, smoothly switching can be implemented between different transmission schemes. For example, if we utilize the per-point feedback mechanism in the transmission scheme of CS/CB, only the inter-point phase information needs to be provided when the coherent JT is put into use.
Finally, as the addition of inter-point phase information, the performance can be improved to a certain extent compared with per-point CSI feedback [6].
Disadvantages:
Compared with aggregated CSI feedback, this feedback mechanism shows only a slightly worse performance on feedback accuracy. However, the performance can be improved to as same as that of the aggregated CSI feedback, if suitable inter-point information is utilized.
Observation 3:
The feedback mechanism of per-point with inter-point phase information is a compromise between the aggregated CSI feedback and the per-point CSI feedback not only in the performance gain but also in the standardization effort.
5. Conclusion
In the contribution, we have discussed aggregated CSI feedback, per-point CSI feedback and per-point CSI feedback with inter-point information from various aspects. In conclusion, different advantages and disadvantages exist in all of the three feedback mechanism, and the scheme with higher feedback accuracy will need more standardization work.  Hence, we propose that:
The feedback mechanism of per-point with inter-point information is a compromise between the aggregated CSI feedback and the per-point CSI feedback not only in the performance gain but also in the standardization effort. Consequently, per-point CSI feedback with inter-point information should be considered as high priority in multi-point CSI feedback framework.
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