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1
Introduction
Coordinated multipoint transmission/reception (CoMP), is one of the key technologies in LTE-A. It can significantly improve the throughput performance of cell edge UEs through the diversity provided by multiple eNBs. In general, the CoMP can be divided into two modes: coordinated interference management and joint processing. In this contribution, we discuss how these two modes utilize the degrees of freedom provided by multiple eNBs. The performance measure to consider when comparing the performance of different modes is also discussed.
2
Performance Consideration
There are two CoMP modes currently in consideration: coordinated scheduling/beamforming (CS/CB) and joint processing (JP). While the former relies on the coordination of neighbour cells to manage and reduce inter-cell interference, the latter can fully exploit the diversity of multiple transmitting/receiving eNBs, thus can achieve better throughput enhancement. For CS/CB, each UE has a single serving cell. The throughput improvement of the cell edge UEs is from coordinated interference management. If the interference management is effective, the cells can have frequency reuse one, meaning the same time-frequency resource is used by as many UEs as the number of eNBs. In other words, the degrees of freedom offered by neighbour eNBs are used up by the UEs. However, such an effective interference management is very difficult in practice.
Theoretically, JP can support as many UEs as the number of eNBs in the same time-frequency resource (i.e., to have frequency reuse one). However, this usually requires the UEs supported to have exactly the same cooperating eNBs such that the degrees of freedom offered by this set of cooperating eNBs can be fully shared by the UEs. In reality, it is also difficult to have the UEs share the same cooperating set of eNBs unless the set is very large. When the set is large, exchange of information among the eNBs becomes impractical. With small cooperating sets, if the UEs are to take advantage of multi-eNB diversity, they will usually select different preferable eNBs to include in their cooperating sets. Then the degrees of freedom of multiple eNBs may not be fully shared by the UEs (for example, joint zero-forcing beamforming of the union of the cooperating sets of the UEs is not possible), and the number of UEs supported will be strictly less than the total degree of freedom. If a group of UEs are forced to choose the same small set of cooperating eNBs, the degree of freedom provided by the eNBs can be shared by the UEs, so the number of UEs in this group can be as large as the degree of freedom offered by this cooperating set of eNBs. However, this configuration usually does not yield good performance due to suboptimal interference management, or it may mean that the group of UEs are close to one another (so they have similar channels), and their cooperating set will contain the eNBs surrounding them. In other words, this group of UEs are usually the cell edge UEs. Then the cooperating eNB set of this configuration will become similar to that of CS/CB. Comparison of JP and CS/CB in this case can be based on the average level of SINR achieved under the assumption of frequency reuse one, or the frequency reuse efficiency when certain SINR requirement is to be met by all the active UEs.
Due to the above discussion, it is suggested that when comparing the link level performance of different CoMP modes, the ratio of the number of UEs supported to the total degree of freedom is also included as a performance metric. In other words, how close the system is to having frequency reuse one under different modes should be compared. For system level performance comparison with traffic model and scheduling considered, the effect of not fully utilizing the degree of freedom will reflect on the aggregate throughput achieved, thus does not need to be additionally considered.
3
Conclusion
This contribution discussed how different CoMP modes utilize the degrees of freedom provided by multiple eNBs. It is suggested that when comparing the link level performance of different CoMP modes, the ratio of the number of UEs supported to the total degree of freedom is also included as a performance metric.
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