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Coexistence of Collaborative MIMO
with Single-Base-Station Based MIMO

Yang Song, Keying Wu, Xiaolong Zhu 
Alcatel-Lucent Research and Innovation 

Introduction

The multiple-input multiple-output (MIMO) technology has received intensive attention since its advent, due to the capability to greatly improve the system capacity and communication reliability. So far, three MIMO modes, i.e. single-user MIMO (SU-MIMO), multi-user MIMO (MU-MIMO), and collaborative MIMO (Co-MIMO), have been proposed to exploit the MIMO advantages in different ways, such as to improve per user data rate, system overall throughput and coverage or performance of cell-edge users. Each MIMO mode has its own preferred operating conditions and none can work optimally in universal environments. Therefore, in order to maximize the MIMO gain and meet the diversified system requirements, different MIMO modes should be supported and selected (e.g. dynamically or semi-statically) according to a certain criteria.
In this proposal, we suggest the coexistence of SU-MIMO, MU-MIMO and Co-MIMO modes as well as the adaptive switching thereof in the IEEE 802.16m systems.

Coexistence of MIMO Modes

MIMO is a general concept where the transmitter and/or the receiver are configured with multiple antennas. Both the transmitter and the receiver may involve one or more base stations (BSs) and one or more mobile stations (MSs). According to the number of BSs and MSs involved, existing MIMO techniques can basically be divided into three categories as shown in Figure 1: SU-MIMO, MU-MIMO, and Co-MIMO. They are designed for different purposes, and have distinct features, advantages and limitations.

In SU-MIMO, each user is served by only one BS and it occupies the resource exclusively, including time, frequency, and so on. SU-MIMO requires that the user has multiple transmit antennas and receive antennas, and its target is to increase the data rate and communication reliability by exploiting the spatial multiplexing gain or spatial diversity gain available in MIMO channels. That is, SU-MIMO tries to improve the service from the user perspective. Therefore, it is a preferred option when a system wants to optimize single user performance. 

In MU-MIMO, several users are served by one common BS by sharing the same radio resource simultaneously. Note that it is possible for multiple single-antenna users to perform MU-MIMO, and a typical example is the virtual MIMO technique on the uplink where several single-antenna users communicate with a BS independently but using the same time-frequency resource. By serving multiple users over the same time- frequency resource, MU-MIMO can improve the overall system throughput significantly. Hence, MU-MIMO is most favorable for heavily loaded systems where the maximization of overall system throughput is the primary concern. Since most existing MU-MIMO approaches require the channel information at the transmitter, MU-MIMO is more suitable for low to moderate mobility scenarios where relatively accurate channel information can be obtained at the transmitter.
In SU-MIMO and MU-MIMO, each MS is served by only one BS, and they are referred to as the single-BS based MIMO in this proposal. These single-BS based MIMO modes usually exhibit higher performance gain at high SNR region. However, in the cellular network with low frequency reuse factor, the severe inter-cell interference may degrade link quality a lot to very lower SNR especially at the cell edge, thus limit the benefit of the single-BS based MIMO schemes.

Co-MIMO is an extension of single-BS based MIMO and it allows multiple BSs to serve more than one MS simultaneously over the same radio resource in a collaborative manner. That is, in Co-MIMO each MS is jointly served by multiple BSs and at the same time each BS can serve several MSs simultaneously. Through BS coordination, Co-MIMO can greatly reduce the inter-cell interference (ICI) among the coordinating BSs, especially in the case of low frequency reuse. Since the ICI is most severe in the cell edge, Co-MIMO is most efficient to improve the performance of cell-edge users. Refer to [1] for more details on Co-MIMO.

As explained above, the suitability and performance of single MIMO mode depend on the network deployment, radio propagation environment (e.g., multipath, arrival angle, spatial correlation, etc.) and quality of service (QoS) requirements (e.g., single-user data rate, average throughput, latency, etc.). Since none of the SU-MIMO, MU-MIMO and Co-MIMO can work optimally in any conditions, it is not very efficient to build a wireless communication system on a single MIMO mode. In order to provide diverse types of service with different QoS requirements under various radio environments, and to meet the demands of individual operator, various MIMO modes should coexist in a communication system, and be adaptively selected to cope with the diversified and complicated application scenarios.
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Figure 1  A coexistence example of three MIMO modes
Switching between Co-MIMO and Single-BS based MIMO

In single-BS based MIMO, SU-MIMO allocates the time-frequency resource exclusively to each user while for MU-MIMO the same resource is shared by multiple users. The switching between SU-MIMO and MU-MIMO can be decided by e.g., the throughput maximization criterion. When the ICI becomes severe, such as in the cell edge for low frequency reuse deployment, Co-MIMO should be exploited to reduce the interference and optimize the system coverage and throughput performance at the cost of limited information exchange over backbone. 
Figure 2 gives an example of Co-MIMO working together with SU-MIMO and MU-MIMO, where all MSs share the same time-frequency resource. MS2 communicates uniquely with BS2 and thus it works in the SU-MIMO mode. MS1 is served jointly by the coordinating BS1 and BS3, so it works in the Co-MIMO mode. Since BS3 serves simultaneously MS1 and MS3 and meanwhile MS1 operates in the Co-MIMO mode, a mixed scenario of MU-MIMO and Co-MIMO is also illustrated in the figure. In addition, BS1 can manage to mitigate its interference to MS2 by interference nulling when generating the signals for MS1.
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Figure 2  A scenario of Co-MIMO working with SU-MIMO and MU-MIMO

To take full advantage of the MIMO gain, adaptive switching among the three MIMO modes is necessary. A possible measure to this end is the receive signal strength indicator (RSSI) or channel quality indicator (CQI) per MS from neighboring BSs. If the difference of the largest two RSSIs or CQIs between an MS and its neighboring BSs is larger than a specific threshold, this MS would work in the single-BS based MIMO. On the other hand, if the difference is relatively small, the MS may select the Co-MIMO mode. After scheduling, over the same radio resource a BS may:

· Serve one MS with its all transmit antennas (SU-MIMO)

· Serve multiple MSs by SDMA (MU-MIMO or Co-MIMO)

· Serve one MS while mitigating interference to other MSs by interference nulling

For any MS, it may be:

· Served by one BS (SU-MIMO or MU-MIMO)

· Served by multiple BSs (Co-MIMO)

· Interference mitigated by one or more BSs

Summary

Each mode of SU-MIMO, MU-MIMO, and Co-MIMO has its own preferred operating conditions and none can work optimally in universal environments. Therefore, in order to fully exploit the potential MIMO gain and meet the diversified system requirements, the three complementary MIMO modes should coexist in future wireless communication systems with the support of a practical low-complexity adaptive switching mechanism. 
References

[1] IEEE C802.16x-07/NNN, Collaborative MIMO Based on Multiple Base Station Coordination.











  


_1249380703.doc
[image: image1.png]





Co-MIMO to improve cell-edge throughput and coverage







MU-MIMO to increase average cell throughput







SU-MIMO to increase per user data rate



















SU-MIMO



MU-MIMO



Co-MIMO












_1248717429.doc
[image: image1.png]





BS2















BS1















Useful signal for MS3







Mitigating to MS2















Backbone







Useful signal for MS2















MS3







MS2















Useful signal for MS1



























MS1















BS3







Scheduler
















