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1. Introduction
In RAN1#66bis, the following were agreed as working assumptions for CoMP CSI feedback [1].
· Standardise a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB. 

· Feedback scheme to 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
Note that use of SRS may be taken into account when reaching further agreements on the above.
Among these feedback schemes, it was agreed in RAN1#67 [2] that at least per-CSI-RS-resource feedback is used for CoMP CSI feedback. In RAN1#68b [3], some further agreements were made.
· The maximum size of the CoMP measurement set is FFS between 2 and 3 CSI-RS resources
· Inter-CSI-RS-resource phase indicator feedback is not supported in Rel-11
Based on these conclusions, the CSI feedback modes for CoMP transmission are discussed. 
2. Discussion on CSI feedback modes for CoMP transmission
For transmission mode 9 in Rel.10, both periodic and aperiodic feedback are supported. If the UE is configured with PMI/RI reporting and number of CSI-RS is larger than one, periodic CSI feedback modes 1-1, 2-1 and aperoidc CSI feedback modes 1-2, 2-2, 3-1 are used. If the UE is configured without PMI/RI reporting or the number of CSI-RS is equal to one, periodic feedback modes 1-0, 2-0 and aperiodic feedback modes 2-0, 3-0 are used. With these feedback modes, the UE could provide variable feedback granularity in time, frequency and spatial domain. Therefore, the base station obtains essential information for scheduling and transmission and thus provides a good tradeoff between feedback overhead and system performance gain for UEs. The CoMP transmission mode will use both CSI-RS and DM-RS. TM9 is the existing transmission mode of this kind and also is a baseline for designing a CoMP transmission mode. Thus, the supported feedback modes for TM9 will also be the baseline for CoMP CSI feedback modes. Periodic feedback modes 1-0, 2-0, 1-1, 2-1 and aperiodic feedback mode 2-0, 3-0, 1-2, 2-2, 3-1 are supported for CoMP CSI feedback with similar reasons, such as different application scenarios and feedback requirements.
Proposal 1:  Feedback modes for CoMP transmission are based on feedback modes supported by TM9. 
Based on the above discussed feedback modes, the configuration of periodic feedback parameters is further discussed. Multiple non-zero power CSI-RS-resources could be configured to a UE for CoMP CSI measurement. The configuration of subframe, antenna ports and resource for non-zero power CSI-RS are independent. Therefore, the feedback mode may be different because of independent antenna port configuration per-CSI-RS-resource. The signaled parameters for periodic CSI, such as ICQI/PMI, IRI could be configured independently per-CSI-RS-resource in order to match the CSI-RS resource configuration. In addition, considering the transmission power and interference situation could fluctuate subframe by subframe in the Heterogeneous scenario, the measurement set restriction in the time domain may need to adopt a separate configuration. From another viewpoint, per-CSI-RS-resource CSI feedback has some commonalities with multi-cell feedback for CA. Thus, the feedback design framework of CA could be reused as a baseline for CoMP CSI feedback to reduce standardisation complexity. The number of independent periodic CSI feedback parameter sets may be 2 or 3, which depends on the final decision of the maximum size of CoMP measurement set. 
Proposal 2:  Independent parameter configuration per CSI-RS-resource for periodic CSI feedback can be a baseline for CoMP feedback mode design.

To achieve most of the CoMP gain and make better link adaptation, different interference assumptions are made at the UE side. The RI/PMI/CQI may be different due to different assumptions of interference and CoMP transmission schemes. Thus, more feedback information will be transmitted in the configured periodic reporting resource. On one hand, a new transmission container or more subframes could be used. For new transmission container, new uplink transmission mode may be used for CSI reporting, such as format 3. This method is only suitable forUEs supporting format 3 and, some further standards work is required. For multiple feedback subframes for one CSI-RS-resource, the collision probability between independent configured reporting resources increases. Furthermore, this kind of reporting may give increased burden to the PUCCH and thus negative impact on PUSCH. On the other hand, to achieve a tradeoff between feedback overhead and system performance, some methods of reducing feedback overhead could be further investigated, such as different coding for CQI [4], PMI/RI restriction [5], codebook restriction, joint RI feedback. With these methods, the number of feedback subframes is reduced for one CSI-RS-resource. Thus, feedback overhead and collision probability are decreased. 
Proposal 3:  Methods of reducing RI/PMI/CQI feedback overhead for one CSI-RS-resource can be further investigated.
For the design of feedback modes, the subframe structure and feedback type could be reused as much as possible to reduce standards work. If multiple subframes are used for PMIs/CQIs feedback for one CSI-RS-resource, one reporting resource is determined by high layer parameter configuration. Other reporting resources may be determined by an implicit relation. When there is collision between CSI reporting of different CSI-RS-resources, the similar dropping rules could be reused according to priority of different feedback types as the definition in CA. For collisions of the same feedback type, CSI of coordinated points would be dropped before CSI of serving point. The drop priority could be determined by the implicit order of configured CSI-RS-resources or configured CSI reporting parameter sets.
Proposal 4: The feedback design of subframe structure, feedback type and dropping rule in Rel.10 can be reused as much as possible to reduce standards work.
For CoMP transmission, multiple CSIs for transmission points in the measurement set need to be fed back to the base station to carry out scheduling and transmission. Periodic feedback could provide basic CSI. Aperiodic feedback could provide feedback with fine feedback granularity and good flexibility. It can also provide larger feedback capacity and low feedback delay. A combination periodic CSI feedback with aperiodic CSI feedback could enable the base station to obtain the required CSI information flexibly. Due to the large overhead of multiple CSI reports, a subset of the measurement set can be reported in an aperiodic CSI report in order to achieve the balance between system performance and feedback overhead. Existing CSI request field in PDCCH may be reused for dynamic triggering signaling with small standardisation impact. To further achieve better tradeoff between dynamic signaling overhead and selection flexibility, semi-static subset may be provided by high layer signaling for dynamic selection [6-7]. Alternatively, the UE could make a selection, for example based on CQI. 
Proposal 5:  Dynamic signaling can be used for aperiodic CSI feedback triggering/selection combined with high layer signaling.
3. Conclusions
Based on the above discussion, our proposals are as follows:
Proposal 1: Feedback modes for CoMP transmission are based on feedback modes supported by TM9.
Proposal 2: Independent parameter configuration per CSI-RS-resource for periodic CSI feedback can be a baseline for CoMP feedback mode design.
Proposal 3: Methods of reducing RI/PMI/CQI feedback overhead for one CSI-RS-resource can be further investigated.

Proposal 4: The feedback design of subframe structure, feedback type and dropping rule in Rel.10 can be reused as much as possible to reduce standards work.
Proposal 5:  Dynamic signaling can be used for aperiodic CSI feedback triggering/selection combined with high layer signaling.
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