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1 Introduction 
Coordinated multi-point transmission/reception is considered as a promising technique to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput [1-7]. According to [1], CoMP is mainly characterized into two categories:

· Coordinated scheduling/beamforming

· Joint processing/reception

In the category of joint processing, data to single UE is simultaneously transmitted from multiple transmission points to improve the received signal quality and/or cancel interference for other UEs. This advanced technique is particularly beneficial for cell-edge throughput. For joint processing, the CQI/PMI feedback mode and feedback overhead of various transmission techniques are important issues to study. In this contribution, several issues related to CQI/PMI reporting for joint processing are studied. Specifically, the construction of measurement cluster and cooperation cluster are discussed respectively. A prelimiary discussion on the mode of CQI/PMI feedback is also given.
2 Construction of Measurement Cluster
UE should always measure and feed back the CQI/PMI of cells within a cell cluster, which is referred to as a measurement cluster in this contribution. Cells in a measurement cluster are potential for joint processing; however, a cell in the measurement cluster may not participate in joint processing eventually. We focus on the construction of measurement cluster here. How to choose cells for joint processing from measurement cluster is another question and needs further analysis. The measurement cluster could be constructed statically, dynamically or semi-statically.

2.1 Static approach

In the static approach, cells in the network are partitioned into non-overlapped clusters. The partition is fixed during network planning or updates over a very long period. The partitioning information is broadcast over the network or delivered to UE via higher layer signaling. If being identified as a CoMP user, the UE should measure the CQI/PMI of the cells in the cluster where the UE belongs to. Static approach is pretty simple to implement. However, it is possible that a cell in the cluster is far from the UE, thus little gain can be obtained from the cooperation. On the other hand, some strong intefering cells to the UE may be not in the cluster. As a result, the performance may be degraded.
2.2 Dynamic approach

In the dynamic approach, UE measures the instantaneous CQI of the cells satisfying the RSRP threshold predetermined by the network. Best combination of cells based on the instantaneous CQI is constructed as the measurement cluster. The merit of this approach is that the cluster is a dynamic combination, and can guarantee that the instantaneous SINR of the cooperation is optimal. However, the drawback is also evident. That is, the feedback overhead is large and the allocation of feedback resource is complicated. Since the cluster is dynamic, UE has to indicate CELL_ID of the cells associated with the CQI. This will cost lots of feedback resources. Moreover, according to the discussion in previous RAN1 meetings, the number of CoMP cells should not be limited. As a result, network is unable to know how many resources are required for feedback without knowing the exact number of cells in measurement cluster. Consequently, resource allocation and scheduling of uplink channel become complicated. The combination of cells is numerous, and hence a number of uplink control channel formats are needed. This will bring lots of complexities to specification.
2.3 Semi-static approach

In the semi-static approach, network determines the measurement cluster for a relatively long period based on long term channel statistics. The cluster is UE-specific and UE is informed of the cluster by higher layer signaling. The cluster can be updated periodically or aperiodically. Since the measurement cluster is known in advance, network could allocate resources for UE reporting. The number of uplink channel formats is manageable and it has little impact on specification. The cluster is known at both ends before feedback, and CELL_ID is not necessary for feedback, such that the feedback overhead is reduced. The performance of semi-static approach may be inferior to dynamic approach. However, comparing the merits and demerits of the different approaches including the specification implementation and overhead, semi-static approach seems to be a balanced approach for CQI/PMI reporting in joint processing. 

Based on above analysis, we have the following suggestion:
Proposal：For single-layer joint processing, in order to reduce the complexity of specification and overhead of control signaling, reporting of CQI/PMI should be constrained to a cell cluster semi-statically constructed. In this semi-static approach, network informs UE the cell cluster for CQI/PMI reporting. The cell cluster is UE-specific.
3 Construction of Cooperation Cluster
The cooperation cluster associated with a UE comprises cells that participate in joint processing toward the intended UE. The cooperation cluster could be identical to the measurement cluster. In this case, UE has the knowledge of cooperating cells without explicit downlink signaling. Allowing eNodeB to construct a cooperation cluster different from the measurement cluster gives eNodeB more flexibility in scheduling, i.e., cells with relatively poor CQI could be discarded from the cooperation cluster. The benefit of additional flexibility depends on the manner the measurement cluster is constructed. For the static approach, it is very likely that some cells in the measurement cluster are of poor CQI, and hence proper selection of cooperating cells may improve the performance. However, for the semi-static approach and dynamic approach, the performance improvement may be rather limited, since channel condition is utilized to construct the measurement cluster.
4 Feedback of PMI
Each of the cell sites could get the precoding matrix by UE feedback. In TDD system, eNodeB could acquire instantaneous downlink channel state information via uplink measurement, then the downlink precoding matrix can be obtained based on the information without feedback. In case of UE feedback, the Precoding Matrix Indicator(PMI) instead of the precoding matrix itself is fed back. For different transmission techniques, the precoding matrix could be calculated either per cell or by all cells. Also, feedback of PMI should be treated differently for coherent and non-coherent transmission techniques.
4.1 Non-coherent transmission

For non-coherent transmission, the precoding matrix of each cell is calculated per cell，i.e. the PMI could be fed back on per cell basis. By this way, reuse of LTE R8 codebook is possible. However, the feedback overhead increases linearly with the number of cooperating cells.
4.2 Coherent transmission

For coherent transmission, the precoding matrix could be calculated either per cell or by all-cells. If calculated per cell, PMI of each cell could be fed back individually. Besides PMI, a phase correction factor for each cooperating cell is needed to ensure coherent combination. Finer resolution of phase correction and smaller frequency granularity provide better performance, whereas more feedback overhead is needed. The tradeoff between performance and feedback overhead needs further study. The possibility of designing a codebook for phase correction of more than 3 cooperating cells should be included to support this technique. If calculated as a whole, the precoding matrix is selected from a “large” codebook, thus a single PMI is feedback. This is an efficient way in terms of feedback overhead. In order to adapt to various number of cooperating cells, codebooks of diverse sizes are needed.
5 Feedback of CQI

There are two distinct ways of feeding back the CQI in the measurement cluster: individual feedback and integrated feedback.
5.1 Individual feedback

Individual feedback means that the CQI of each cell is individually calculated and feedback. Overhead of individual feedback increases linearly with the number of cooperating cells. However, it allows eNodeB to schedule cells with good channel quality for UE’s data transmission. This also gives eNodeB the flexibility to discard some cells with poor channel quality in the measurement cluster when the system overload is high.
5.2 Integrated feedback

Integrated feedback means that an integrated CQI of all the cells in the cluster is feedback. The integrated CQI can better reflect the channel quality of the joint processing. However, this feedback approach will impose some restrictions on scheduling, since it is difficult to recover the individual CQI of each cell from the integrated CQI. Compared to individual feedback, the feedback overhead is reduced due to the integration.
6 Conclusion
In this contribution, several issues related to CQI/PMI feedback are studied and a proposal is given correspondingly. 
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