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1 Introduction

Multiple sites coordination is proposed by many companies to meet the challenging requirements of LTE-Advanced [1-3]. The nature of TDD system provides a convenient way to implement the coordination. In this contribution, we describe a potential approach that makes use of the reciprocity of UL/DL channel. 
2 Proposed approach: Multiple sites coordination for TDD system
Multiple sites coordination is an emerging technique aiming to improve the system capacity. It coordinates the transmission and reception of geographically separated sites, which are connected through backhaul network. An eNodeB is in charge of the coordination among sites. Fig. 1 depicts the transmission scheme of a multiple sites coordination system at a time instant
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. As illustrated in the figure, the eNodeB coordinates three sites sending data from network to the UE simultaneously.
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Fig.1 Downlink coordinated transmission of multiple sites
The coordination among geographically separated sites can improve the system capacity, transmission efficiency at cell edge and can mitigate interference between cells. As a result, performance of the overall system is improved.
Uplink coordination

The signal transmitted from UE is received by several sites in the system. Therefore, the received signals at different sites can be combined to enhance the quality of detection. Furthermore, if more than 1 UEs are scheduled to transmit simultaneously, interference among UEs can also be mitigated via receive beamforming.
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Fig.2 Illustration of uplink coordination
Downlink coordination
Downlink coordination requires channel state information (CSI) from each site to UE at the eNodeB. The reciprocal property of the uplink and downlink channel makes it easy to obtain the CSI in TDD system. The whole transmission scheme involves the following steps:
· According to network configuration, UE sends sounding reference signal (SRS) at some specified time instant and frequency band.
· Upon the receiving of SRS, each site estimates the channel impulse response from UE to itself. Due to the reciprocity of the UL/DL channel, the channel impulse response from site to UE is then available. The obtained CSI are all sent to the eNodeB. The eNodeB determines an active site subset 
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 for the UE according to the power level of received SRS at each site. For example 
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 is chosen for transmitting. The eNodeB should also decide the number of data streams that will be sent to the UE. The data streams number depends on channel impulse response from the active sites to UE. 
· The downlink beamforming weight is obtained based on the available CSI. The beamforming weight of the 
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th active site is denoted as
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where 
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M

 is the number of the transmit antennas at the 
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th active site; 
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 is the weight 
of the 
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th antenna for the 
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th data stream.
· The network sends control signaling to specify the time-frequency resource and the number of data streams. The UE’s data together with UE-specific reference signal is weighted by the beamforming weight and sent through the active subset
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. UE receives the transmitted data according to control signaling and UE-specific reference signal.
In summary, downlink coordination of TDD system needs SRS and UE-specific reference signals. Due to the reciprocity of the UL/DL channel, the whole process is a smooth evolution from LTE to LTE-A without any impact on LTE radio-access specification. This is similar to Approach A in [1]. 
2 Conclusion

This contribution presented a multiple sites coordination approach taking into account the UL/DL reciprocal property of UL/DL channel. Uplink beamforming and downlink beamforming are considered as the reception and transmission technique. Both single stream and multiple streams beamforming are incorporated.
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