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Introduction

In this contribution, we propose a multiple BS-shared relay stations (RSs) with multiple antenna to be deployed at the cell edge to improve the cell edge performance.
The BS shared RS is able to separate the received mixed signals and performs interference suppression by MIMO techniques before forward transmission to mitigate inter-cell interference.
Basic idea of shared-RS

An advanced RS with multiple antennas in the cell edge area is configured to connect multiple neighboring BSs or next-hop RSs with their corresponding MSs or next-hop RSs concurrently. The RS shared by multiple BSs/RSs and MSs/RSs is named as “shared-RS” hereafter. The shared-RS separates the mixed signals and performs interference suppression by advanced MIMO techniques before forward transmission to solve the problem of performance degradation caused by severe inter-cell interference at the cell edge. 

With MIMO techniques, the shared-RS is able to separate the mixed signals into individual symbols from the source stations (i.e. BS or next-hop RS in downlink and MS or next-hop RS in uplink) via spatial de-multiplexing, and forward to their destination stations (i.e. MS or next-hop RS in downlink and BS or next-hop RS in uplink) via multi-user MIMO precoding or beamforming which is used to mitigate the interference. Besides symbol-level processing, shared-RS can also implement bit-level processing through channel decoding and channel coding to ensure the correctness of the forwarding data packet.
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Figure 1  A simple scenario of shared-RS usage
A simple scenario of an OFDMA system with shared-RS is depicted in Figure 1. A shared-RS with multiple antennas is deployed in the cell edge area. MS1 and MS2 lie in the shared-RS covering area. Take uplink transmission for instance, suppose data streams from MS1 and MS2 are transmitted to BS1 and BS2 respectively, the shared-RS operates as follows:

1) The shared-RS maintains connections to BS1, BS2 and MS1, MS2 as well. The shared-RS must be able to resolve to control messages from both BSs and MSs.

2) The shared-RS receives the signals from both MS1 and MS2.

3) The shared-RS is able to acquire the channel knowledge between the BSs and itself, denoted as HBS1 and HBS2; it also has the channel knowledge between MSs and itself, HMS1 and HMS2.

4) If it recognize some frequency subcarriers assigned to both MS1 and MS2 by the two BSs with collision, the shared-RS firstly applies any spatial multiplexing (SM) decoding on these subcarriers to retrieve the modulated symbols of each MS. The shared-RS can further obtain the data packet of each MS through channel decoding.

5) After obtaining the signal or data of each MS, the shared-RS then amplifies and transmits the signal on these collided subcarriers to the BSs through any multi-user MIMO precoding technique, e.g. zero forcing (ZF), beamforming (BF), or codebook-based precoding etc., to mitigate the interference.

6) For those subcarriers not assigned to the two MSs simultaneously, the shared-RS may function as ordinary RS without receive spatial de-multiplexing and transmit precoding.

With above processing, interference from MS2 will be mitigated considerably when BS1 receives the signal from MS1 and vice versa. Note that this scheme is also applicable to downlink. Shared-RS is able to employ any MIMO transmission, e.g. space-time coding (STC) and SM.
Multiple shared-RSs can operate in a cooperative manner to obtain diversity gain. In addition, the shared-RS can also be a role in a multi-hop relay system as illustrated in Figure 2.
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Figure 2  A scenario of two shared-RSs and using multi-hop RS

A simplified usage of the shared-RS is to deploy the shared-RS in one cell to enhance uplink virtual-MIMO performance and implement multi-user transmission in downlink. In this case, MS1 and MS2 are transmitting to or receiving from the same BS with the same time-frequency resources. The shared-RS functions as described above. Figure 3 shows the scenario.
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Figure 3  A scenario of enhancing uplink virtual-MIMO and implementing downlink multi-user MIMO by shared-RS
Summary

Shared-RSs can be deployed at the hot spots in the cell edge, or other places where strong inter-cell channel interference exists. It can enhance the received SINR due to RS’s strong receiving and forwarding capability, and interference nulling processing. Thus, system performance, throughput and coverage will be highly improved without loss of time-frequency resources.

Proposed Text for 802 .16m SDD

Insert the following text into Interference Mitigation sub-clause:

-------------------------------------------------------Start of the text------------------------------------------------------------
15.x Multi-BS Shared Relay Station
A RS with multiple antennas can be shared and controlled by multiple BSs. Shared-RS, connecting multiple BSs or next-hop RSs with their corresponding MSs or previous-hop RSs concurrently, shall separate the received mixed signals and perform precoding by MIMO techniques on the same resource block before forward transmission to mitigate inter-cell interference.
-------------------------------------------------------End of the text------------------------------------------------------------
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