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1 Introduction
During the RAN1 #57bis meeting, concept of common feedback framework (CFF) for downlink CoMP is proposed in [1] and [2]. Views from multiple companies on CoMP feedback is summarized in [3] with following feedback design principle proposals:
Transmission/reporting modes:

· Different transmission schemes for CoMP and non-CoMP can be made “transparent” from reception/demodulation perspective thanks to the use of UE-RS

· Common framework for feedback design in support of CoMP and non-CoMP (SU/MU-MIMO)

· Discuss reporting transmission modes in conjunction with MIMO discussion

· Dynamic switch of CoMP transmission modes (if more than one CoMP transmission mode defined) is supported

· Dynamic switch of CoMP and non-CoMP transmission modes is baseline

Feedback: 

· Explicit, implicit and SRS-based feedback mechanisms are not exclusive of each other

· Individual per-cell feedback is the baseline

· Complementing per-cell reports with joint multi-cell feedback needs discussion

However, after long discussions during the meeting, these feedback design principles are not agreed. The main concerns are given in the following:
· Whether CoMP and non-CoMP transmission can be made totally “transparent” still needs further discussion. What was agreed in RAN1 is that UE is capable of receive/demodulate Rel-10 PDSCH with different transmission schemes for CoMP and non-CoMP based on the UE-specific DM-RS associated to a single serving cell.
· The meaning of common feedback framework is not clearly defined and its benefits are not convincing to some companies.
· If CoMP and non-CoMP should use the same feedback mechanism, there may be potential negative impact on the performance.

· The meaning of “dynamic switch of CoMP and non-CoMP transmission modes” is not clear since transmission mode in Rel-8 is semi-statically configured.

· No detail has been provided for the potential common feedback framework to ensure its possibility.
In this contribution, we try to address these concerns. First, the concept and scope of common feedback framework (CFF) is discussed in Section 2. In Section 2.3, a few options to design CFF are presented. Finally, a way forward is proposed for common feedback framework for DL CoMP.
2 Common Feedback Framework (CFF)

Two extremes of the feedback framework design: 
· Full-flexible design: Full CSI feedback provides full flexibility and commonality but prohibitively high overhead.

· Scheme-specific design: Independently defined feedback types/formats for various CoMP/non-CoMP schemes which result in high complexity of the UE and minimum flexibility.
Either one of the above two extremes has its apparent drawbacks. The design criteria in between is needed, with some trade-off of the flexibility and overhead-optimization. A hierarchical feedback structure with individual per cell feedback as baseline might be used to balance the feedback overhead reduction and the commonality between the feedback for non-CoMP, CBF and JP as well as the feedback for various numbers of cells.
2.1 CFF for CoMP and non-CoMP transmissions

In LTE Rel-8, there are 5 feedback types/formats to support downlink SU-MIMO. While new features, such as more advanced MU-MIMO, may be introduced for non-CoMP MIMO in LTE-A, it is reasonable that the Rel-8 MIMO feedback types/formats may be reused with some modifications for non-CoMP MIMO in Rel-10. 
Due to the use of Rel-10 UE-specific DM-RS, the CoMP UE is capable of receive/demodulate PDSCH only associated to a single serving cell; thus it is possible for some CoMP and non-CoMP single cell transmission schemes share the same feedback type/format. With this regard, the non-CoMP single cell feedback is a special case of CoMP feedback, when the reporting cell shrinks to one.
For example, feedback for coordinated scheduling/beamforming, SU non-coherent JP, is closely related to that of non-CoMP MIMO schemes in Rel-8, and the MU JP is closely related to that of non-CoMP MU-MIMO scheme in Rel-9 or Rel-10.
Considering that there are already 5 feedback types/formats to support downlink SU-MIMO in LTE Rel-8, while more feedback types/formats might be introduced to support LTE-A features, it is desirable to limit the total number of the feedback types/formats to keep UE complexity in a reasonable low level and permit the flexibility of dynamic switch among multiple transmission schemes of both Non-CoMP and CoMP and in between, which requires the following measures:

· To maximize the commonality of the feedbacks for CoMP (different transmission points) and non-CoMP single cell feedback, i.e. some CoMP and non-CoMP transmission share the same feedback type/format.

· The CoMP MIMO feedbacks can be viewed a super set of non-CoMP MIMO, with a per-cell feedback as a baseline. 

· To consider the possibility to reduce the feedback types/formats for non-CoMP MIMO.

2.2 CFF for CoMP transmissions

In TR36.814 [2], the downlink CoMP schemes are categorized as coordinated scheduling/beamforming and joint processing which is further divided into (coherent and non-coherent) joint transmission and dynamic cell selection. It is noticed that the different downlink CoMP schemes may require different amounts of overhead, complexity and will provide different levels of CoMP performance improvement, as given in [4][5]. In addition, LTE-A system supports the different CoMP schemes with network-configurable CoMP cooperating set, which requires the CoMP feedback framework capable of supporting the feedbacks for various numbers of cells. Thus some tradeoffs are to be considered in feedback design:

· Balance between feedback overhead and performance gain.
· Balance between category-specific feedback optimization design and dynamic mode/scheme-switching, with various numbers of cells.
Accordingly, we propose several principles for feedback design, also taking account the CFF for CoMP and non-CoMP transmission, as the following:
· A unified framework for CoMP (and non-CoMP) feedback is preferred, with individual per-cell feedback as baseline, which permits dynamic switch between CoMP and non-CoMP as well as the feedbacks for various number of cells

· A small number of feedback types/formats (if not a single type) for CoMP are preferred. 

· Some feedback overhead reduction optimization should be permitted for different feedback types/formats

· Feedback design should enable dynamic switching among multiple CoMP transmission schemes within one or few CoMP categories. It is a reasonable requirement as CoMP transmission schemes should adapt to the channel state and other factors of the system. Therefore the number of feedback modes should be limited in order to facilitate this kind of dynamic switching. 

· A hierarchical feedback structure for CoMP is preferred to support different CoMP cooperating sets for different CoMP categories.

· Incremental information among different feedback types/formats with the hierarchical feedback structure helps to reduce the feedback overhead further

2.3 Design options for CFF

In this section, we listed approaches from the current proposals that might be used as building blocks towards a common feedback framework:
· At the cell level, a hierarchical feedback structure with individual per cell feedback as baseline might be used to maintain commonality between the feedback for non-CoMP, CBF and JP as well as the feedback for various numbers of cells.

· At the CoMP scheme level, complementing information may be added to bridge the feedbacks for different CoMP schemes and incremental CQI/interference information may be used to enable accurate link adaptation.
· At the feedback content level, a unified format may be used to feedback various contents while the right interpolation derived from the configurations or the preceding reports.

3 Proposed way forward
Based on the above discussions and the email summary of the prior RAN1 meeting [3], the following is proposed as a way forward of common feedback framework for DL CoMP:

Transmission/reporting modes:

· UE is capable of receive/demodulate PDSCH with different transmission schemes for CoMP and non-CoMP based on the UE-specific DM-RS only associated to a single serving cell.
· Common framework for feedback design in support of CoMP and non-CoMP (SU/MU-MIMO), with different transmission schemes for CoMP and non-CoMP capable of sharing the same feedback types/formats
· Discuss reporting transmission modes in conjunction with MIMO discussion
· Dynamic switch of CoMP transmission schemes that share the same feedback type/format (if more than one CoMP transmission schemes defined) is supported
· Dynamic switch of CoMP and non-CoMP transmission schemes that share the same feedback type/format is supported
Feedback: 

· Individual per-cell feedback is the baseline
· complementary inter-cell feedback might be needed
· the detailed explicit, implicit or SRS-based feedback designs are FFS

· Explicit, implicit and SRS-based feedback mechanisms are not exclusive of each other
· Combinations of full or subset of above three are possible
· A subset of the measurement set may be semi-statically configured by the eNodeB or dynamically selected by the UE for each feedback type/format;
· Only a small number of feedback types/formats are to be defined 

· Incremental information among different feedback types/formats with the hierarchical feedback reporting sets helps to reduce the feedback overhead further
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