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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:
· Common CSI feedback for supporting various CoMP schemes and scenarios
· Per-CSI-RS-resource based feedback with relative phase information
· Additional aggregated CQI for optimized CSI feedback
· Inter-dependency among per-CSI-RS-resource CSIs
· Inter-dependent per-CSI-RS-resource CSI with respect to RI/sub band/Rx processing 

· CSI feedback container for CoMP 

· Multi-shot feedback and one-shot feedback
2. Discussion

2.1. Common CSI feedback for supporting various CoMP schemes and scenarios
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 scalable to support various CoMP schemes. 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 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 an overall CoMP gain due to the increasing degree of freedom to select CoMP scheme the network has. 

In this sense, per-CSI-RS-resource based feedback is more suitable than aggregated feedback, the two types of feedback described in [3] in detail. In ‘per-CSI-RS-resource based feedback’ method, UE calculates per-CSI-RS-resource CSI, assuming single point transmission, possibly with muting. Then, UE feeds multiple CSIs and eNB processes these multiple information components to operate CoMP transmission techniques. For example, the j-th PMI represents an effective channel estimated with the j-th CSI-RS configuration, the effective channel which means a channel after applying receiver beamforming matrix. The UE can quantize the effective channel from each transmission point by using the Rel-10 codebook or futher enhanced codebook. To help eNB compensate CQI, UE needs to calculate per-CSI-RS-resource CQI under the assumption on muting from the CoMP points transmitting different CSI-RS, the CQI calculation method explained as an alternative 1 in [2]. In other words, when determining CQI, UE measures interference power only coming from the outside of CoMP measurement set, thus allowing eNB to recalculate CQI fitting into the CoMP transmission scheme the eNB actually utilizes. 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]. 
Proposal 1: for common CoMP CSI feedback, UE reports per-CSI-RS-resource PMI and CQI in which the out-of-CoMP-set interference is considered.

For coherent JT, phase corrector is needed additionally. This phase corrector information may need to be reported even when 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. 

Proposal 2: additional inter-point phase information is needed for coherent JT

As stated in [1,2], in the case of CoMP UE’s RI=1, eNB can figure out accurate MCS based on per-CSI-RS-resource CQI reflecting the out-of-CoMP-set interference. Additionally, UE can report aggregated CQI derived under the assumption of a certain CoMP scheme such as JT in order to compensate the possible mismatch between CoMP beamforming matrix and MCS level calculated at eNB and the optimal ones. However, in terms of the tradeoff between feedback overhead and performance enhancement, it also needs to be investigated whether such a feature is necessary. Our simulation results in [4] show that, in the case of coherent SU-JT in which CoMP UEs’ RI is restricted to one, aggregated CQI does not provide sufficient a gain to justify additional feedback overhead and that coherent JT without aggregated CQI has greater performance than non-coherent JT with aggregated CQI in terms of 5% tile UE throughput. Accordingly, relative phase information among coordinated transmission points seems enough as inter-CSI-RS CSI information if RI=1. 
If the optimal rank for JT that single CoMP UE receives is higher than 1, then it is tricky for eNB to derive JT CQI by using only per-CSI-RS-resource CQI and some aggregated CSI, which is derived under a hypothesis of JT, shall be needed additionally. However, we should carefully study a few issues associated with supporting multi-rank JT in the perspective of the commonality of CSI feedback. For instance, in the case where the optimal rank for JT and that for a single point transmission that single CoMP UE receives are different, it is not straightforward to obtain PMI and CQI for the CS/CB or JT from the per-CSI-RS-resource feedback and thus further investigation is needed on how to design a common CSI feedback framework which can support various transmission schemes at the same time. One possible way of keeping the commonality and simplicity of CoMP CSI feedback is to restrict CoMP UE’s RIs to the minimum among per-CSI-RS-resource RIs, as explained in the following section. Given that the minimum RI is likely to be one due to CoMP UE’s relatively low geometry, limiting CoMP UE’s RI to one seems appropriate as the first step of designing common CoMP CSI feedback framework. Supporting higher rank JT feedback can be studied as the second step in consideration of the additionally achieved performance gain and the required feedback overhead.
2.2. Inter-dependency among per-CSI-RS-resource 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 additional assumption of muting from the CoMP points transmitting different CSI-RS). Basically, UE can calculate mutiple per-CSI-RS-resource CSIs independently.  This type of per-CSI-RS-resource CSI can be directly used for DPS without additional CSI compensation at a network side if UE differentiates and measures each of CoMP transmission points’ CSI-RS resources. In this case, 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 adapting to the CoMP scheme. For example, if reported ranks are different from each other, eNB may not make a right scheduling decision for JT.

The problem of independent per-CSI-RS-resource CSIs stated above can be addressed by allowing dependency among per-CSI-RS-resource CSIs. For example, the problem can be resolved by introducing common RI setting described in the below sub bullet point. Together with common RI setting, other useful settings making per-CSI-RS-resource CSI inter-dependent are illustrated below.

· Common RI setting
All of or a subset of RIs corresponding to multiple CSI-RS resources can be restricted to be the same with the intention of minimizing error of CSI compensation for JT at network side. Common RI setting can be implemented by codebook subset restriction through RRC signaling or can be treated as a spec issue. Further study is needed on which option is more suitable.
· Common sub band setting
UE reports per-CSI-RS-resource CSI for the same sub band so that eNB can easily conduct sub band JT or CS/CB scheduling. 

· Common Rx processing
When calculating per-CSI-RS-resource CSI, UE assumes the same Rx processing. For example, UE determines PMI and CQI based on each CSI-RS-resource 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 estimated from each CSI-RS-resource when generating per-CSI-RS-resource CSI, but this calculation method does not seem to fit into 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.

Proposal 3: for the commonality of CoMP CSI feedback, inter-dependency among the per-CSI-RS-resource CSIs is needed such as common rank, common sub band, or common Rx processing.
2.3. CSI feedback container 

In per-CSI-RS-resource based feedback structure, there are two options to design CSI feedback container; the single-container approach in which multiple per-CSI-RS-resource CSIs are transmitted together, and multiple-container approach, in which each feedback container is exclusively used to report different per-CSI-RS-resource 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-CSI-RS-resource CSI to its eNB with different CSI feedback container (potentially by reusing Rel-10 PUCCH format 2). Per-CSI-RS-resource 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-CSI-RS-resource CSIs in a sequential manner by sending one per-CSI-RS-resource CSI in one subframe of the given periodic transmission opportunity. There may be some asymmetry among per-CSI-RS-resource 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-CSI-RS-resource 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)

3. Conclusion
In summary, we study various aspects of CoMP feedback and propose the following: 
Proposal 1: for common CoMP CSI feedback, UE reports per-CSI-RS-resource PMI and CQI in which the out-of-CoMP-set interference is considered.

Proposal 2: additional inter-point phase information is needed for coherent JT.

Proposal 3: for the commonality of CoMP CSI feedback, inter-dependency among the per-CSI-RS-resource CSIs is needed such as common rank, common sub band, or common Rx processing .
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