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1. Introduction

Cooperation among coordinated multiple points could bring performance improvement for cell-edge UEs as well as the overall system throughput. In LTE, such techniques were studied in Rel-10 under the name of coordinated multi-point transmission/reception (CoMP). In RAN 50 plenary meeting, it was approved that CoMP study would continue in Rel-11 [1]. In this contribution, we present some high level views of CoMP system, which could be used as the   starting points for further study.
2. High level view of CoMP system
In Rel-10, CoMP systems were extensively studied, and some concepts and framework were developed, which covers several aspects including CoMP set definition, CoMP processing category, feedback schemes, and reference signal design. However, no convergences could be reached in areas such as feedback and processing schemes at that time. For Rel-11, with the continuity of CoMP study, setting up priorities would be helpful to make the study more focused and efficient. In [1], some of such priorities were mentioned which include:

· CoMP in high capacity/low latency systems
· CoMP among different cell layers in heterogeneous networks 

· Enhancement for control signalling, feedback and uplink sounding

In the following, some aspects of CoMP system are discussed and high level views are presented. 
2.1. Intra-eNB CoMP
This scenario includes the CoMP among cells from the same eNB or among the distributed remote radio heads (RRH) from the same cell or same eNB. This would be the most promising scenario as it fits into the category of high capacity/low latency system and would lead to the least impact to the specification and existing system. It would be easy for the eNB to share the data, channel state information (CSI) among CoMP transmission points without involving the backhaul. The eNB could rely on the central scheduler to coordinate the transmission from multiple CoMP points. As Rel-10 already defined a set of orthogonal CSI-RS ports, what CoMP transmission needs is to configure different orthogonal CSI-RS ports for different points involved in the CoMP transmission. The UE needs to measure the channels from these ports and feed back CSI to its serving cell and the Rel-10 feedback modes could be reused. The eNB could decide when to schedule CoMP or single cell transmission to a particular UE. Single cell transmission techniques such as closed loop MIMO or BF or combined MIMO/BF could be used in CoMP transmission. The UE may or may not need to know if these ports are from the same cell or from different cells, thus making the CoMP transmission more transparent to the UE. In summary, for intra-eNB CoMP, CoMP system which could reuse Rel-10 single cell transmission/feedback schemes could be considered as the baseline. More advanced CoMP techniques could be investigated with consideration on both complexity and performance gain. 
2.2. CoMP in heterogeneous networks

As heterogeneous networks attract lots of attention in Rel-10, the extension of CoMP study from homogeneous network to heterogeneous network would be beneficial. For heterogeneous network, CoMP would mainly involve coordination among cells in different cell layers, such as macro cells/pico cells, macro or pico cells/femto cells. Such scenarios could also be extended to the relay network such as CoMP among donor eNB and relay nodes (RN). Compared with homogeneous network, the distribution of cells in a heterogeneous network may or may not be uniform. Hence, some models needs to be set up for this. The other challenge would be the backhaul design to accommodate the need for information sharing among cells. Some of the other key aspects that should be studied for CoMP in heterogeneous network scenario include
· The control signalling enhancement: As studied extensively in Rel-10 eICIC WI, interference condition on PDCCH can be quite severe from aggressor cell to victim cell’s UE. For example, interference from the macro cell to pico cell UE or interference from femto cell to non-member macro cell UE. Therefore, the Almost Blank Subframe (ABS) was introduced in Rel-10. When CoMP is applied to HetNet, the PDCCH on the victim cell will suffer the same severe interference from the aggressor cell. While CoMP aims to improve the performance of PDSCH, consideration should also be taken to improve the performance of PDCCH since if PDCCH is not received correctly, the overall user throughput and system throughput will be affected. For example, some coordination of PDCCH transmission would be beneficial to effectively support CoMP. 
· Enhanced CoMP cooperation techniques: Enhanced CoMP operations are required to improve the cell average throughput performance. This could include investigation of spatial domain cooperation techniques such as spatial domain inter-cell scheduling and/or interference coordination. These techniques have been extensively studied in the last couple of years. One of the new techniques as mentioned in [2] is to minimize the dimensions of interference and thus lead to more interference free dimensions for transmission of data streams. A number of practical solutions were developed to make it more feasible to be implemented in 4G system [2]. For example this technique requires feedback within the cell while achieving quite significant gain especially in a heterogeneous network. Further study could be considered along this direction. 
· Open-loop or semi-closed loop transmission scheme: For such schemes, it may not need to share channel information among cells, which could reduce the backhaul traffic and reduce latency. 
2.3. Feedback and CSI-RS configuration for CoMP

To reduce the impact to the UE and the system, it is preferable to reuse the existing feedback modes developed in Rel 8-10 if possible. The UE could feed back all channel state information to its serving cell, whether they are from its serving cells or from other coordination points. In fact, the UE may not need to know if a CSI-RS port is from its serving cell or from potential CoMP transmission points. Hence, the UE could use some existing feedback modes such as those developed in Rel-10 to feed back the channel state information. It is up to the backhaul to share channel information and data among transmission points for more complicated CoMP transmission such as inter-eNB CoMP can be used. To the UE, CoMP transmission could be viewed as transmission from an extended cell which consists of multiple coordination transmission points. Different orthogonal CSI-RS ports could be configured for different transmission points. Coordination points in a CoMP transmission could be looked from a virtual cell from UE perspective. A UE could be configured in CoMP transmission or single cell transmission either dynamically or semi-statically. 
3. Conclusion

In this contribution, some high-level views on CoMP scheme and design consideration were presented. We feel that CoMP systems which reuse some of the schemes developed in Rel 8-10 such as transmission and feedback schemes could be considered as the baseline. More advanced CoMP techniques could be studied with consideration on both complexity and performance benefits. 
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