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1. Introduction

Coordinated Multi-Point transmission/reception (CoMP) is one of the candidate techniques for LTE-Advanced systems to increase the cell average and cell edge user throughput in the both uplink and downlink. Although CoMP naturally increases system complexity, it has potentially significant capacity and coverage benefits, making it worth a more detailed consideration. To be specific, the coordinated multipoint transmission is mainly characterized into two classes [1]: 

· Coordinated scheduling and/or beam-forming (CoMP-CS)

· Joint processing/transmission (CoMP-JP)

This contribution clarifies network topologies of BBU+RRU based CoMP system and presents our initial views on the application of BBU+RRU based CoMP system to LTE-Advanced.

2. BBU+RRU based CoMP system

A CoMP eNB has an extremely powerful base band unit (BBU) and several remote radio units (RRUs) to cover a large geographical area (e.g. hundreds of meters), as illustrated in Fig.1. The based idea is to separate the baseband part and the RF part of eNodeB, BBU connect with RRUs with gigabit optical filbers. Each RRU is equipped with a transceiving device which converts radio frequency (RF) to and from digital intermediate frequency (IF) signals. The actual radio frequency and base band processing as well as radio resource and network management functionalities are included in the BBU. The BBU serving as a baseband pool can provide joint processing for its RRUs. In the BBU+RRU based CoMP system, UE can be served by multiple adjacent RRUs with similar received power levels and select these serving RRUs dynamically according to pathloss or received signal strength (RSS). Moreover, multiple UEs can get paired and collaborate with each other for transmission. In this way, virtual MIMO technique is employed to increase the system throughput.
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Fig.1 Network topology of BBU+RRU based CoMP system 

The joint processing can be performed in a centralized manner within the RRUs of the same BBU. 

3. Benefits of BBU+RRU based CoMP system

       The benefits of BBU+RRU based CoMP system in LTE-Advanced are listed as follows.
1. Saving costs on equipment rooms. With a small size, the BBU can be installed in residential and business buildings. It can also be located in the integrated power cabinets, in a basement, solving the problem of insufficient equipment rooms. The BBU+RRU solution has no special needs for equipment rooms and requires only the installation of the auxiliary antenna feeder systems, enabling operators to speed up network construction to gain a first-mover advantage. In this way, network construction can be achieved in an economical, flexible and fast mode. 

2. The access distance for UE is decreased since BBU+RRU based CoMP system has a very high density of RRUs, so small cells with lower transmit power can be efficiently deployed. Therefore, the energy used for signal transmitting will be reduced, which is especially helpful to UE battery and results in much lower electromagnetic radiation. 

3. BBU as the central processing part has the knowledge of data and channel state information (CSI), so it can perform joint transmission, scheduling and detection. Hence, inter-cell interference (ICI) which reduces the cell-edge throughput will be mitigated or even beneficial instead of acting as interference.
4. BBU+RRU based CoMP is also suitable for nonuniformly distributed traffic by simply adjusting the density of RRUs.
5. Though the serving RRU changes along with the movement of UE, there is no handoff within one BBU. As the coverage of one BBU is larger than the traditional eNodeB, the problems result from fast handoff will be overcome.
6. The latency and overhead constraints on X2 interface does not exist in this BBU+RRU based CoMP system.

4. Application of BBU+RRU based CoMP system
   In the section 3, the possible merits are listed when CoMP is considered in LTE-Advanced. Followings should be considered when BBU+RRU based CoMP is applied in LTE-Advanced.
1. The optical fiber between BBU and RRUs has to carry a large amount of information such as data and signaling, so the capacity of optical fiber may be gigabit level.

2. Because the radio link between RRUs and UEs are increased compared to the traditional system structure, the channel estimation error and the system overhead may be increased. In order to attain the full CSI between all UEs and RRUs in the cellular network, the channels should be jointly estimated at each BBU. Multi-cell orthogonal RS structure may need to be designed for estimating channels accurately between multiple RRUs and UE.
3. For downlink, the main challenge is to make the CSI available at the transmitter. This can be achieved by conveying CSI as feedback information over the uplink. However, providing full CSI via feedback may cause an excessive overhead on the uplink, and hence, it is difficult to realise in practice. But for TDD system, due to channel reciprocity, the downlink channel can be estimated accurately during the previous uplink frame assuming that the frame length is shorter than the channel coherence time.
4. A large part of the signal processing load can be shifted to the BBU both in the uplink and the downlink. This allows for a simple terminal design.
5. Legacy Rel-8 LTE UEs should be able to co-exist in the CoMP system.
6. The radio resource management algorithms such as joint scheduling and user grouping need further investigation.
5. Conclusion

    In this contribution, we have summarised our current views on the application of BBU+RRU based CoMP system in LTE-Advanced.
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