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1. Introduction
In order to guarantee considerable CoMP gain, CoMP CSI feedback needs to be carefully studied. In this contribution, we discuss CoMP CSI feedback with regard to three points as follows:
· Potential CoMP CSI feedback structures 
· Per-point based feedback structure and aggregated feedback structure
· CSI feedback container for CoMP 

· Multi-shot feedback and one-shot feedback
· UE assumption for calculating per-point CSI & dependency among per-point CSIs
· Inter-dependent per-point CSI with respect to RI/sub band/Rx processing 
2. Discussion

2.1. CSI feedback structure for CoMP

With the separation of CSI estimation RS and demodulation RS, we are able to apply non-codebook based precoding at the eNB. With this standard transparent beamforming technology at the eNB, most major consideration for CoMP in the specification is the feedback mechanism. From the various simulations and study from CoMP schemes, it seems that at least a new feedback structure, by which a CoMP UE can perform multi-point CSI report, needs to be defined in order for CoMP schemes to perform properly. Although there might be various methods of doing CoMP feedback, we list two potential general feedback structures and discuss different aspects on the two feedback structures. 
The first feedback structure is ‘aggregated feedback’ method. In this scheme the feedback itself is quantized to indices of a single codebook, in which the codebook itself contains all the information needed to operate CoMP transmission techniques. Thus, the coordinating transmission points then just take the codebook entry to apply the beamforming needed for CoMP. An example of this would be designing a codebook entry for 6 Tx, where the codebook can be used for three 2 Tx cells performing JT CoMP. The aggregated codebook can be made based on a new design principle for a certain CoMP scheme and can improve the performance of that CoMP scheme as the reported CSI is more optimized for it. However, the necessity of this type of feedback needs to be carefully investigated since it is not scalable to various CoMP points grouping or techniques.

The second feedback structure is ‘per-point based feedback’ method which is the baseline in Rel-11 CoMP WI [3]. In this feedback structure, the UE feedback multiple information components and the eNB processes these multiple information components to operate CoMP transmission techniques. For example, the j-th PMI represents an effective channel from the j-th coordinating points in CoMP measurement set, the effective channel which means a channel from a certain coordinating points after applying receiver beamforming matrix. To quantize each effective channel, the UE can use the same Rel-10 codebook. Some detailed description of this approach is given in the Annex of contribution R1-111628 [1]. By calculating Tx beams and MCS based on those PMIs and CQIs, the networks can dynamically support various CoMP schemes such as CSCB or JT [2]. For coherent JT, phase corrector is needed additionally. This phase corrector information may need to be reported even when per-point PMI is obtained by SRS because SRS reception in a CoMP cluster may not provide accurate phase information among multiple CoMP points due to the difference in the propagation delay, clock drift, etc. 
There are some pros and cons associated with each of the feedback structures.

Table 1. Pros and Cons of general CoMP feedback structures
	
	Pros
	Cons

	Aggregated feedback
	- Straightforward application of vectors/matrices to beamforming at the eNB
- CQI can be computed and estimated in the same way as LTE Release 10. 
	- Not scalable to various CoMP cell grouping or techniques
- Significant standard work is needed to get the appropriate codebook entries



	Per-point based feedback
	- Reuse of existing codebook entries is possible
- It can be scalable to various CoMP points groupings and techniques as eNB compensates per-point based CSI according to CoMP cell grouping or CoMP techniques.
	- PMI/CQI definition or estimation methods may need some modification
- CoMP beamforming matrix and MCS level calculated at the eNB may not be optimal.


The pros and cons listed above are just general comments for each of the feedback structure and there might be other various advantages and disadvantages depending on what the exact schemes are. Although no particular CoMP feedback method is precluded during the SI phase, we should start consider what kind of approach is best suitable for initial specification of CoMP for LTE Advanced.
From our perspective the initial specification of CoMP for LTE Advanced should be a feedback mechanism which can be easy to extend in the future releases and is easily scalable. During the study item of CoMP, we have only started to touch upon few of the useful deployment scenarios for CoMP, and we may find even more complex deployment scenarios and various cell configurations in which CoMP will be beneficial. From this perspective, scalability of the CoMP feedback mechanism should be the first consideration when adopting a CoMP feedback scheme for LTE Advanced. Furthermore, it is needed to introduce common CSI feedback information scalable to various CoMP schemes since it makes available dynamic selection among various CoMP schemes at network side with low feedback overhead. As a UE calculates and reports common CSI feedback information not intended only for a specific CoMP scheme, a network can determine the best CoMP scheme optimized to current network situation by manipulating the CSI information. It will improve overall CoMP gain due to the increasing degree of freedom to select CoMP scheme the network has. In this sense, a per-point based feedback is more suitable than an aggregated feedback.
One additional note we would like to make is that there also might be a CoMP feedback method which is hybrid of the per-point based feedback structure and aggregated feedback structure. For example, in order to compensate the possible mismatch between CoMP beamforming matrix and MCS level calculated at eNB and the optimal ones, a UE can additionally report some CSI such as RI and/or CQI derived under the assumption of a certain CoMP scheme, for example, under the assumption that a certain set of transmission points performs joint transmission. However, in terms of the tradeoff between feedback overhead and performance enhancement, it also needs to be investigated further.
2.2. CSI feedback container 

In per-point based feedback structure, there are two options to design CSI feedback container; the single-container approach in which multiple per-point CSIs are transmitted together, and multiple-container approach, in which each feedback container is exclusively used to report different per-point CSI. It could be an example of single container that PMIs of coordinated transmission points are multiplexed in a feedback container and fed back at one subframe. In the case of multiple containers, CSI of one transmission point and that of another transmission point are fed back in different subframes. In this sense, we call single container case ‘one-shot feedback’ and multiple containers case ‘multi-shot feedback’ in this contribution. With focusing on periodic reporting, each feedback method that has different specification issue is further discussed below.

· Multi-shot feedback
A CoMP UE transmits per-point CSI to its eNB with different CSI feedback container (potentially by reusing Rel-10 PUCCH format 2). Per-point CSI can be transmitted sequentially or in a parallel manner depending on whether multiple periodic configurations are supported or not.
 In the case of single periodic configuration, a CoMP UE reports multiple per-point CSIs in a sequential manner by sending one per-point CSI in one subframe of the given periodic transmission opportunity. There may exist some asymmetry among per-point CSIs as CSI for some certain transmission points, for example, CSI of the serving eNB, can be reported more frequently than CSI for other transmission points. Another alternative to support multi-shot feedback is that eNB indicates to CoMP UE multiple periodic configurations, each of which is used for CSI feedback of each transmission point. This approach has some similarity to the periodic CSI reporting for CA in Rel-10 in the sense that the eNB can set multiple periodic CSI reporting that are transmitted in TDM manner at the UE. 
· One-shot feedback
A CoMP UE reports multiple per-point CSIs with single container. As Rel-10 PUCCH format 2 can support 11 bits, a new feedback container with increased capacity is needed to send multiple CSIs at the same time. 
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(a) Multi-shot feedback in a sequential manner
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(b) Multi-shot feedback in a parallel manner
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(c) One-shot feedback

Figure 1. Alternatives of CoMP CSI feedback container 

(CSIi denotes CSI of CoMP Tx point i)

2.3. UE assumption for calculating per-point CSI & relation among per-point CSIs
UE can calculate RI/PMI/CQI (including phase corrector if coherent JT is supported) under the assumption of a single point transmission (possibly with muting). In this section, we further divide this single point transmission CSI in terms of the relation among per-point CSIs.
· Per-point CSI calculation under a single point transmission assumption 

When calculating CSI for the i-th transmission point in CoMP measurement set, UE assumes single point transmission from the i-th point (possibly with additional assumption of muting from other points). In this case, UE can independently calculate per-point CSI. Since this kind of per-point CSI is optimized for single point transmission, it can be directly used for DPS without additional CSI compensation at a network side. However, if one of other CoMP schemes such as CS/CB and JT is applied, meaningful CoMP gain may be hardly expected unless the network smartly compensates CSI fit for the CoMP scheme. For example, if reported best subband selections corresponding to multiple transmission points are different from each other, eNB may not make a right scheduling decision as CSI for JT and CS/CB may not be available in a certain subband. This problem can be resolved by introducing restriction of common subband selection described in the below sub bullet point. Other useful restrictions making per-point CSI inter-dependent are illustrated below.

· Common sub band restriction
UE reports per-point CSI for the same sub band regardless of best sub band for each transmission point so that eNB can easily conduct sub band JT or CS/CB scheduling. 
· Common RI restriction
When it comes to per-point based feedback, RIs corresponding to multiple transmission points can be set to be the same value with the intention of minimizing error of CSI compensation for JT at network side. 
· Common Rx processing
When calculating per-point CSI, UE assumes the same Rx processing. For example, UE determines PMI and CQI of each Tx point under the assumption that the same Rx beamforming matrix is applied. In DPS case, it is natural that UE applies separate Rx beam aligned with dominant channel direction of each point when generating per-point CSI, but this calculation method seems not fit for CS/CB or JT. For example, in JT case, CSI on which the same Rx beam is applied is suitable since UE conducts post processing for the desired signal from multiple Tx points that are combined in the air. As a result, the CoMP precoding and MCS selection may not be done properly unless a common Rx processing is assumed. For example, it is possible that the best PMIs, each of which is derived independently, renders orthogonal effective channel directions under the assumption of independent Rx processing and the signal combining gain of CoMP JT is much lowered.
3. Conclusion
In summary, we study various aspects of CoMP feedback and discuss related specification issues as follows:
· CoMP feedback structure

Merits and demerits of aggregated feedback and per-point based feedback are described, respectively. We believe that CoMP feedback structure should be robust to scalability issues regarding various CoMP cell grouping and CoMP schemes. Therefore, per-point feedback structure seems to be good start point of discussions for this matter. In addition, we can study the possibility of adding the aggregated feedback as a supplementary CSI for the purpose of improving the feedback accuracy for a specific CoMP scheme.
· Feedback container

We described two types of feedback container and discussed specification issues of each case: single container in which multiple per-point CSIs are aggregated, and multiple containers carrying different per-point CSIs, respectively. Further study on both types of feedback container is needed.
· CSI calculation

Various per-point CSI calculation methods are illustrated in terms of UE assumption and dependency among per-point CSI. In order to support various CoMP schemes within a single feedback structure, it seems more appropriate to introduce inter-dependent per-point CSI derivation in which some part of CSI calculation assumptions are common among the multiple per-point CSIs.
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