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1 Introduction
In [1], we introduced the concept of Multipoint Transmission and Reception (MPTR). It is a cooperative technology which coordinates transmission and reception of distributed point either jointly or separately. This technology, as other technical components with the same basic principle, has been agreed as the Coordinated Multi-Point (CoMP) defined for LTE-Advanced. The simulation results about multi point transmission and reception technology in [2] [3] show that the significant gain can be obtained with CoMP, for both the average users and the cell-edge users. The results support that CoMP is a promising solution to achieve the LTE-A requirements on capacity, coverage and spectral efficiency for out-door and, especially, in-door scenarios [4].

In this contribution, some important issues in CoMP are put forward and discussed further.

2 Discussion
2.1 Basic Principles of CoMP
CoMP is a cooperative transmission and reception technology, which can be easily deployed in a semi-distributed communication system with distributed antennas but centralized control functionality. As shown in Figure.1, several access points are linked to one eNodeB, whereas each access point may contain one or multiple antenna elements. Multiple UE’s can be served by one or multiple access points of the same or different eNodeB’s simultaneously. The coordinated central controllers retrieve information from distributed access points and allocate resources to satisfy the QoS requirements of the UE’s while maximizing the network performance.
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Figure.1 Basic Principle of CoMP 

2.2 Some issues in CoMP
As there is a centralized controller among different points with one eNodeB, supporting  intra-eNodeB multi-point cooperation is straightforward. The intra-eNodeB cooperation includes coordinated scheduling, joint transmission and joint reception, interference management, etc. 
However, the cell-edge bit-rate among multiple eNodeB coverage areas also needs to be improved. The need calls for the inter-eNodeB cooperation. Unlike the straightforward intra-eNodeB coordination, the flexibility of inter-eNodeB cooperation is limited by the delay and the bearer capability of the X2 interface. Further investigation on inter-eNodeB is needed. Based on the result, we can decide whether to enhance X2 interface capability for inter-eNodeB cooperation, or to limit the flexibility of inter-eNodeB cooperation with little or no modification of the current X2 interface.
The following part in this paper focuses on the intra-eNodeB scenario.
2.2.1 Coordinated Scheduling
In the intra-eNodeB scenario, the central controller can retrieve information from many distributed points. Then it selects the antenna ports and schedules frequency and time resources for UEs. The main principle of CoMP that UE could be jointly served by multiple points over the same radio resource is the basis to increase the spectrum efficiency while maintaining the macro diversity and/or spatial multiplexing gain. Therefore, how to schedule spatial, time and frequency resources from the geographically distributed points to satisfy the high throughput and latency requirement for both cell center and cell edge users will become an important issue in CoMP. 
2.2.2 Channel Measurement and Estimation
The reference signals are sent from multi points to multiple UEs on the downlink or sent from multiple UEs to multiple points on the uplink for channel measurement.  We propose two schemes for channel measurement:
1. Channel measurement only with uplink reference signals: The eNodeB makes scheduling decisions by uplink measurement (e.g. SRS) for both uplink and downlink transmission. It is economic to implement, but may have poor performance for FDD systems.
2. Channel measurement with both uplink and downlink reference signals: For downlink transmission, the UE measures the channel based on the downlink reference signals and the eNodeB makes scheduling decision according to the measurement reported by the UE. For uplink transmission, the eNodeB allocates resources according to uplink measurement. This method provides better performance, nevertheless the pros and cons needs careful evaluation.

With multiple distributed transmitting points, current LTE reference signal may not be sufficient. Whether an additional reference-signal (RS) is necessary should be investigated for LTE-A CoMP. The study on the additional RS should include:

1. The impact on channel estimation.
2. The complexity of the scheduler and the loss of system performance due to constraints of sequence grouping: For example, orthogonal RS enables robust channel estimation for UL CoMP, but the current LTE scheme might need to be improved. In LTE, allocating different cyclic shifts to different cells to maintain orthogonality is possible, but requires scheduled resources in these cells to be on the same band and the same sequence group. In CoMP, it is desirable to minimize the impact on scheduling caused by involving increased number of geographically separated cells, as well as the loss of system performance due to the same sequence group. 
2.2.3 Inter-Point Interference Management
The interference management introduced by CoMP can give a higher cell-edge spectral efficiency that LTE Release 8 currently lacks of. Due to the centralized CoMP controlling unit for all points, the inter-point interference mitigation (including interference coordination and cancellation) becomes easy to implement. Various interference mitigation methods, such as frequency reuse schemes similar to dynamic SFR/FFR, can be implemented conveniently and the cell edge spectrum efficiency is expected to be improved. Moreover, since there is a powerful central scheduler can do the same work and in order to simplify the overall procedure, Time/Frequency/Spatial Division Multiplexing is recommended as the baseline for CoMP in the first stage
2.2.4 Gain vs. Overhead

As discussed in the above sections, the existence of a central controller enables many technologies such as centralized scheduling and inter-point interference management. However, the complexity and the signalling overhead will be increased accordingly for coordination among different points. 
3 Conclusion
This contribution provides some qualitative analyses on the principle of CoMP, and points out some issues within the scope of the CoMP technology. For intra-eNodeB cooperation, it is necessary to further investigate coordinated scheduling, channel measurement and estimation, interference management, and overhead. For inter-eNodeB cooperation, it is important to consider the balance between the flexibility of cooperation and the modification of X2 interface.
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