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1. Introduction
Geographically separated antenna (RRH) has been proposed under the study item for CoMP transmission as one scenario (Scenario 4) for investigation [1] and it has also been included as one of scenarios in WI of CoMP [2]. As all transmission points share the same cell ID, it is also a scenario (Scenario B) for CSI feedback enhancement in SI on DL-MIMO enhancement [3]. 
This contribution discusses multi-point CSI feedback for single-cell RRH scenario, and provides our views and proposals on CSI feedback enhancement for this scenario. 
2. Similar feedback mechanisms to other CoMP scenarios
Four scenarios have been identified for CoMP investigation and WI:
· Scenario 1: Homogeneous network with intra-site CoMP
· Scenario 2: Homogeneous network with high Tx power RRHs
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs as the macro cell
· Scenario 4: Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell
As all transmission points within the Macro cell coverage share the same cell ID, Scenario 4 has also been chosen as a scenario for CSI feedback enhancement in SI on DL-MIMO enhancement. Since CSI feedback of single-cell RRH is studied under both CoMP WI and MIMO SI, it is possible that two different mechanisms are designed separately. In our view, discussion of  CSI feedback for downlink CoMP and study on downlink MIMO enhancement under the same AI can effectively avoid this separate design. 
The channel characteristics are the same in Scenario 4 and Scenario 3. Thus, CSI feedback scheme applicable to Scenario 3 is also applicable to Scenario 4. Considering possible transmission schemes, there is no obvious difference between Scenario 4 and other scenarios, that is, in terms of the corresponding CSI feedback requirement, no obvious difference exists.  From the perspective of UE, a transmission point is identified by CSI-RS. Whether the RRH point shares the same cell ID or not does not has much impact on its implementation. The only impact may be the scrambling sequence of CSI-RS. Therefore, similar feedback mechanism should be adopted for Scenario 4 and other CoMP scenarios to reduce the standardization effort and to get a clean specification.
Proposal 1:
· Similar feedback mechanism shall be adopted for all CoMP scenarios including Scenario 4.
3. Aggregated and per-point feedback
To support CoMP feedback, multiple CSI-RS and zero-power CSI-RS patterns may be configured. In aggregated feedback mechanism, the aggregated channel from multiple points to a UE is fed back jointly by global information just like it was generated by a single point. The global information can be the recommended global precoding matrix, the aggregated channel matrix, the full transmit channel covariance matrix or its main eigen component(s). While for per-point feedback, the channel state information of each point is separately fed back, and the aggregated channel can be reconstructed by multiple per-point feedback and complementary inter-point information. In some CoMP transmission schemes, such as DPS, CS/CB, non-coherent JT, the inter-point information is not required, and therefore the inter-point information may be not fed back.
For aggregated feedback, there are several problems to be solved to begin with. 
Firstly, the antenna ports for the aggregated channel may be not 2, 4, or 8, new codebooks for diverse antenna port numbers may be needed and results in lots of standardization efforts. Considering the limited time, it seems not feasible in the stage of Rel-11. If setting a constraint on possible aggregated antenna ports, e.g., 2, 4, or 8, the performance loss due to the constraint should be evaluated. 
Secondly, imbalanced received power among aggregated antenna ports should be evaluated. The unequal transmission power and different path loss cause the imbalanced received power among the aggregated antenna ports [4]. Rel-10 downlink codebooks are constant modular, and may be not appropriate in this scenario. 

Thirdly, the Rel-10 8Tx codebook is optimized for closely spaced cross polarized array, where two groups of co-polarized arrays have the same angle of departure (AoD). However, the AoD of different antenna port is different, if the antenna ports come from geographically separated points. Therefore, the accuracy of 8Tx codebook for aggregated channel of 8Tx ports is questionable. 
Finally, it is difficult to derive individual per-point channel information from the aggregated feedback. Therefore, if the aggregated channel state information from N points is fed back, transmission with less than N points can be well supported unless aggregated channel state information for less than N points is also fed back. A tradeoff between feedback overhead and scheduling constraint is needed.
Comparing with aggregated feedback, per-point feedback is more flexible and scalable.
At first, codebooks already available in Rel-10 can be reused for per-point feedback. The standardization effort on codebook design can be reduced to a large extent. The only point to be addressed is how to feedback the complementary inter-point information. One simple way is that the relative amplitude information may be approximately described by CQI of different points, and the co-phase information can be quantized to M-PSK elements.
The second, a common feedback framework may be feasible based on per-point with inter-point feedback mechanism for different transmission schemes, i.e., coherent JT can be supported with CS/CB feedback if inter-point information is provided in addition; DPS can be supported as a special case of JT or CS/CB. Switching between different transmission schemes may be smooth based on such common feedback framework.
Based on the above discussion, the mechanism of per-point feedback is preferred for all CoMP scenarios including Scenario 4. Nevertheless, the awareness of point information is not necessary for UE due to the utilization of CSI-RS and the DM-RS. The eNB can just inform UE about CSI-RS pattern and DM-RS ports. The mapping from the CSI-RS patterns to the antennas of points may be transparent to the UE. Therefore, the per-point feedback is actually per-pattern feedback. Furthermore, in some cases that the Rel-10 codebook for 2, 4, or 8 antennas is effective to quantize an aggregated channel from multiple points, the antenna of these points can be mapped into a single CSI-RS pattern and the channel can be fed back aggregately.
Proposal 2:

· Per-pattern feedback is recommended for single-cell RRH.
4. Codebooks for per-pattern feedback
One advantage of per-pattern feedback over aggregated feedback is that the codebooks in Rel-10 can be reused for per-pattern feedback. Since the closely spaced cross polarized antenna configuration is of the highest priority, the 4Tx codebook in Rel-10 which is optimized for closely spaced ULA and uncorrelated channels may induce performance loss with the configuration of closely spaced cross polarized array. And 4Tx codebook enhancement in per-pattern feedback is evaluated to be beneficial for both CoMP and MU-MIMO for homogeneous deployments in [5]. Benefit of codebook enhancement for single cell RRH scenario may be also anticipated. For Scenario C with 2Tx, performance improvement may be expected by codebook enhancement with closely spaced ULA configuration, since LOS rays bring better spatial separation. However, the necessary of 2Tx codebook enhancement should be evaluated. For 8Tx, the current codebooks are already suitable for cross polarized arrays, no enhancement is needed.
Proposal 3:

· Per-pattern feedback can be beneficial from codebook enhancement.
5. Conclusion
In this contribution, we discuss the CSI feedback for single-cell RRH scenario, and provide our views on this topic:
Proposal 1: Similar feedback mechanism shall be adopted for all CoMP scenarios including Scenario 4.
Proposal 2: Per-pattern feedback is recommended for single-cell RRH.
Proposal 3: Per-pattern feedback can be beneficial from codebook enhancement.
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