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Cooperative Relay
Keying Wu, Liyu Cai, Xiaolong Zhu, Hongwei Yang, Dong Li, Yang Song, Hao Liu
Alcatel Shanghai Bell
Xin Su, Xiaofeng Zhong

Tsinghua University
1 Introduction

Relay is an important means to meet the requirement of IEEE802.16m in terms of system coverage and cell-edge throughput. Cooperative relay can further enhance the performance of a relay-based system by treating the antennas of different relay stations (RSs) as a part of an antenna array, and applying the multi-antenna techniques among several RSs. By properly coordinating the transmitted signals from several RSs, a multi-antenna processing gain similar to that in a point-to-point scenario can be achieved, which can significantly improve the link quality, data rate and coverage of a relay-based system.

Cooperation among RSs requires extra information exchange among RSs, including the resource allocation and scheduling information. Sometimes, it also requires RSs to share certain channel state information (CSI), which generally leads to an increased signaling overhead. In this contribution, we discuss three types of cooperation techniques, which require no CSI sharing, partial CSI sharing and full CSI sharing, respectively. Different levels of cooperation provide different tradeoffs between the system performance and signaling overhead, thereby suitable for different application scenarios.
2 Cooperative Relay 
Without loss of generality, we use a two-hop relay system as an example. Assume that the data from a source is received by two or more RSs. With the cooperative relay technique, these RSs can work as a virtual antenna array to forward a processed version of the received signals. Various multi-antenna processing techniques can be used to achieve a similar multiple-input-multiple-output (MIMO) gain as in a point-to-point scenario. 
Some multi-antenna techniques, such as the closed-loop precoding, require a RS to know not only the local CSI (CSI between itself and the destination), but also the global CSI (CSI between other RSs and the destination). Generally speaking, global CSI at each RS helps to improve the system performance, but also leads to higher signaling overhead. In real systems, different tradeoffs between performance and overhead are required to suit various application scenarios. In the following, we will discuss three types of cooperative relay techniques with different global CSI requirement, to provide different tradeoffs between performance and signaling overhead.

Cooperative relay without global CSI
Without global CSI, the antennas of different RSs can only work in the open-loop MIMO mode, while the antennas of one RS can work in either open-loop or closed-loop MIMO mode depending on whether local CSI is available. Existing open-loop MIMO techniques, like diversity and multiplexing schemes, can be used among multiple cooperative RSs, with the antennas at each RS acting as a part of an antenna array.
Figs. 1 and 2 give two examples of open-loop cooperative relay with two single-antenna RSs.  (Note: All Figures in this contribution show the uplink scenario, but the same principle can also be used for downlink.) In Fig. 1, the transmit diversity scheme is used among the two RSs, with each RS transmitting one stream of the Alamouti code. By doing so, additional spatial diversity gain can be achieved and the link quality can be improved. In Fig. 2, two RSs form a collaborative spatial multiplexing system, where two data streams are transmitted from two RSs using the same time-frequency resource to increase the throughput.
This approach requires RSs to exchange resource allocation and scheduling information, leading to limited signaling overhead.
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Figure 1. Example of the cooperative relay based on virtual transmit diversity.
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Figure 2. Example of the cooperative relay based on virtual spatial multiplexing.

Cooperative relay with partial global CSI
With partial global CSI, cooperative RSs can coordinate their signal waveforms to a certain extent. Fig. 3 shows an example, in which the two RSs perform coherent coding to achieve (partial) coherent combining gain. In Fig. 3, the parameter b is a combining coefficient, which takes value from e.g. {+1, -1}. The value of “b” is selected such that the signals from the two RSs can be positively combined at the destination. The idea of coherent coding can be generalized to RSs with multiple antennas, as shown in Figure 4 where RS1 has one transmit antenna and RS2 has two transmit antennas.

Since the value of “b” depends on the CSI between two RSs and the destination, it should be selected by the destination based on the channel estimation results, and fed back to the RSs, which lead to a moderate increase of the signaling overhead.  
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Figure 3. Example of the cooperative relay based on coherent coding.
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Figure 4. Anther example of the cooperative relay based on coherent coding.
Cooperative relay with full global CSI
With full global CSI, cooperative RSs can coordinate their signal waveforms for global optimization through joint precoding. Fig. 5 shows an example of jointly precoded cooperative relay, in which each RS transmits a precoded version of the received signals. In Fig. 5, W=[w1 … wK] represents the precoding matrix used by RS1 and V=[v1 … vK] the precoding matrix used by RS2. Denote by H1 the channel matrix between RS1 and destination, and H2 the channel matrix between RS2 and the destination. The precoding matrixes W and V are obtained based on the combined channel matrix [H1 H2], such that the overall throughput is maximized.
The precoding matrixes can be generated using the codebook-based precoding technique. The destination first estimates the channel between itself and all cooperative RSs using control signals. It then determines the precoding matrix that maximizes the overall throughput of the combined channel, treating the antennas of each RS as a part of an antenna array, and feeds back the results to all cooperative RSs. Each RS then takes the corresponding part of the matrix as its own precoding matrix. 
This approach requires additional feedback from the destination to RSs, leading to an increased signaling overhead, but can also achieve globally optimized performance.  
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Figure 5. Example of the cooperative relay based on joint precoding.

3 Proposed Text for SDD

-------------------------------------------------------------Start of the Text-------------------------------------------------------
15.x Cooperative relay
Cooperative relay is supported to improve the link quality, throughput and coverage of relay-based wireless communication systems through collaborative transmit diversity/spatial multiplexing, coherent coding or joint precoding among multiple relay stations. For coherent coding and joint precoding, (partial) CSI feedback from the destination via codebook-based feedback can be used. 
--------------------------------------------------------------End of the Text-------------------------------------------------------

























  


