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SDD Details for Downlink Multi-cell MIMO
Keying Wu, Hongwei Yang
Alcatel Shanghai Bell
1 Introduction

Multi-cell MIMO has already been included in SDD DL MIMO to improve the sector throughput and cell-edge throughput through multi-BS coordinative precoding, inter-cell interference nulling, or network coordinated beamforming, etc. In this contribution, we propose some more details on multi-cell MIMO after discussing several approaches to implement multi-cell MIMO and simulation results to demonstrate its advantage.
The following techniques for multi-cell MIMO are discussed in this document: 

· Inter-cell interference nulling
· Collaborative MIMO
· Closed-loop macro diversity 
2 Multiple-cell MIMO 

Multi-cell MIMO techniques may be used to mitigate inter-cell interference for cell-edge and sector throughput improvement [1, 2]. Depending on whether the data traffic intended for a MS is replicated at multiple BSs, multi-cell MIMO techniques can be categorized into single cell antenna processing techniques enhanced through multi-cell coordination such as inter-cell interference nulling and recommendation/restriction of precoding matrix index (PMI), or alternatively into multi-cell joint antenna processing techniques such as collaborative MIMO (Co-MIMO) [1, 3] and closed-loop macro diversity (CL-MD) [1, 4]. Most of these techniques work with both codebook feedback and uplink sounding, while some only work with codebook feedback (e.g. PMI recommendation/restriction). Fig. 1 shows an overview of the classification of multi-cell MIMO technologies. 
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Figure 1. Classification of the multi-cell MIMO techniques
2.1 Single Cell Antenna Processing with Multi-cell Coordination 
Interference nulling through multi-cell coordination aided precoding exploits any additional spatial degrees of freedom at a single BS in order to reduce interference to neighboring cells. The BSs involved in the multi-cell coordination can be determined using static, dynamic or semi-static clustering approaches. With static clustering, a BS will coordinate with a fixed group of BS(s). With dynamic clustering, a MS that senses high levels of interference will report the identification of dominant interfering BSs to the serving BS, which then proposes a ICI reduction request to the corresponding BSs. The semi-static clustering can make certain compromise between the static and dynamic clustering. Once an interfering BS accepts the inter-cell interference reduction request from the serving BS, an interference measurement process will be started. Sounding based precoding is supported for TDD, and in this case, the interfering BS will estimate the channel state information (CSI) of the intended MS in the neighboring cell, via its sounding signals. Codebook based precoding is supported for both TDD and FDD, and in this case, the intended MS will determine precoding matrix index (PMI) for its interfering BS, and report to the serving BS. The serving BS then forwards the PMI to the relevant interfering BS via the network interface. Based on the interference measurement result, the interfering BS determines its own precoding matrix such that the interference to the intended MS in neighboring cell is reduced.

2.2 Multi-cell Joint Antenna Processing 
Techniques in this category use joint MIMO transmission across multiple BSs to obtain inter-cell interference mitigation gain and macro diversity gain. The BSs involved in the joint transmission can be determined using static, dynamic or semi-static clustering approaches. With static clustering, a BS will coordinate with a fixed group of BS(s). With dynamic clustering, a MS that senses high levels of interference will report the identification of dominant interfering BSs to the serving BS, which then proposes an ICI reduction request to the corresponding BSs. The semi-static clustering can make certain compromise between the static and dynamic clustering. Once the interfering BS accepts the ICI reduction request, multi-cell joint antenna transmission techniques such as closed-loop macro-diversity (CL-MD) and collaborative MIMO (Co-MIMO) may be employed. 

Closed-loop Macro-diversity

For CL-MD, multiple BSs perform joint MIMO transmission to one MS. Each BS involved in coordination performs narrow-band or wide-band single-user precoding with up to two streams, and multiple BSs transmit the same or different information. The number of streams from all coordinating BSs is restricted to up to two for one MS. Sounding based CL-MD is supported for TDD, and codebook based CL-MD is supported for both TDD and FDD. For the codebook based case, the MS involved in coordination determines narrow-band or wide-band PMI for each coordinating BS, and reports these to the serving BS, which in turn forwards the corresponding PMI to the relevant BS via the network interface. 

Collaborative MIMO

For Co-MIMO, multiple BSs perform joint MIMO transmission to multiple MSs located in different cells. Each BS performs multi-user precoding towards multiple MSs (i.e, SDMA), with one stream per user. Each MS benefiting from Co-MIMO receives multiple streams from different BSs. Sounding based Co-MIMO is supported for TDD, in which case one coordinating BS estimates the CSI of all MSs for which multi-user precoding is carried out. Codebook feedback based Co-MIMO is supported for both TDD and FDD, in which case a MS involved in coordination determines the narrow-band PMI for each coordinating BS and reports these to the serving BS, which in turn forwards the corresponding PMI to the relevant BS via the network interface. 
2.3 Simulation Results for Multiple-Cell MIMO
Based on simulation assumptions in Table 1, we provide some system-level simulation results to show the benefits of Closed-loop Macro Diversity, interference nulling and Co-MIMO, as shown in Figure 2. For CL-MD, we have simulated three schemes. CL-MDHO I means antennas of each BS form a single beam to transmit a single data stream and each of two coordinated BSs transmit the same data; II and III means that antennas per BS form two beams to transmit two data streams. Meanwhile, I and II perform wide-band precoding, and III performs narrow-band one. As reference performances of legacy system, we present Open-loop MIMO with frequency reuse 1 (denoted by MIMO) and Fractional Frequency Reuse (denoted by MIMO FFR), MIMO with Macro Diversity (MDHO) for 2 Tx and 2 Rx antenna configuration as well as MIMO+BF for 4 Tx and 2 Rx.

Table 1 Simulation assuptions
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Figure 2 System-level simulation results of Multi-cell MIMO technologies and reference MIMO technologies
2.4 Measurement Support 
The interference measurement process needs to provide a channel quality indicator (CQI) to MSs for sensing the inter-cell interference level and determining dominant interfering BSs. It also needs to provide BSs with relevant CSI information of MSs for which interference nulling or multi-user precoding is carried out.
3 Proposed Text for SDD

-------------------------------------------------------------Start of the Text-------------------------------------------------------
11.8.4 Advanced Features
11.8.4.1 Multi-cell MIMO
Multi-cell MIMO techniques are supported for improving sector throughput and cell-edge throughput through multi-BS collaborative precoding, network coordinated beamforming, or inter-cell interference nulling. Both open-loop and closed-loop multi-cell MIMO techniques can be considered. For closed-loop multi-cell MIMO, CSI feedback via codebook based feedback or sounding channel will be used. The feedback information may be shared by neighboring base stations via network interface. Mode adaptation between single-cell MIMO and multi-cell MIMO is utilized. 
Depending on whether the data traffic intended for a MS is replicated at multiple BSs, multi-cell MIMO techniques can be categorized into multi-cell joint antenna processing techniques, or alternatively into single cell antenna processing techniques enhanced through multi-cell coordination. 
11.8.4.1.1 Single Cell Antenna Processing with Multi-cell Coordination

Additional spatial degrees of freedom at a BS can be exploited to reduce its interference to neighboring cells through multi-cell coordination aided precoding.
A BS that receives high interference report from serving MSs will propose an ICI reduction request to interfering BSs. Once an interfering BS accepts the request, the interference measurement process will be started. Sounding based precoding is supported for TDD, and in this case, the interfering BS will estimate the channel state information (CSI) of the intended MS in the neighboring cell, via their sounding signals. Codebook based precoding is supported for both TDD and FDD, and in this case, the intended MS will determine and report precoding vectors to its interfering BS via the network interface.
11.8.4.1.2 Multi-cell Joint Antenna Processing

In the closed-loop mode, closed-loop macro Diversity (CL-MD) and Collaborative MIMO (Co-MIMO) may be used to reduce inter-cell interference.
A BS that receives high interference report from serving MSs will propose an ICI reduction request to interfering BSs. Once the interfering BS accepts the request, the interference measurement process will be started. For CL-MD, each BS involved in coordination performs either narrow-band or wide-band precoding, and multiple BSs transmit the same or different information data. CL-MD is restricted to single-user transmission with up to two streams. For Co-MIMO, each BS performs multi-user precoding towards multiple MSs located in different cells, with multiple streams per user from multiple BSs. Sounding based CL-MD and Co-MIMO are supported for TDD, and codebook based ones are supported for both TDD and FDD. For codebook-based case, the MS involved in coordination determines precoding matrix index (PMI) for each coordinating BS, and reports to serving BS, which forwards corresponding PMI to the relevant BS via network interface. For CL-MD, both narrow-band and wide-band PMI feedback can be supported.
--------------------------------------------------------------End of the Text-------------------------------------------------------
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