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1 Introduction

Due to the mobile EUTRA operation environment, the MIMO system will be faced with a variety of different channel characteristics such as different mobile speed, angular spread, delay spread and sometimes line of sight conditions. Changes in the traffic load and type can also affect the usefulness of a particular MIMO solution, for instance, at a particular time instant, the focus can for some users be on maximizing throughput and for others increasing link robustness, all depending on the type of channel and traffic. Furthermore, UE terminals may have different size, complexity, power consumption and differ in the number of available receive antennas and a certain UE might not support a MIMO mode that could be available to more advanced terminals. 
All these facts imply that a single MIMO solution for EUTRA is not sufficient, but rather a collection of MIMO modes with different characteristics must be supported by EUTRA. 
The switching between the MIMO modes shall be relatively fast and the use of different MIMO modes simultaneously for different users or different resource blocks to the same user should be possible. For instance, a low and a high speed user, served simultaneously by using different reuse blocks within a TTI, will generally not find the same MIMO solution optimal. 
Therefore, we suggest that that the utilization of multiple antennas in EUTRA is made flexible enough to simultaneously (within the same TTI) support a number of different MIMO modes. Here follows a general overview of the characteristics of the different MIMO modes, without going in to technical details of each mode, which are left for future studies.

2 Basic downlink MIMO modes
The utilization of multiple antennas at the transmitter and receiver can for the EUTRA downlink transmission be divided into three main modes of operation with different purposes:

· Spatial multiplexing mode, which has the aim of increasing the system throughput by reusing a certain time-frequency resource block in the spatial domain. Hence, the spatial reuse factor is equal to
 or larger than one and the parallel and overlapping transmissions are denoted as streams. The streams may have different modulation constellations to adapt to the channel conditions. This mode requires at least as many receiver antennas as the number of streams. The EUTRA spatial multiplexing schemes and the supporting signalling shall further enable 
· Single user spatial reuse, where a single user receives and decodes the data in all streams in a certain resource block. A single data block can be encoded and interleaved over the available streams or several smaller separately encoded data blocks can be independently transmitted over the available streams. The former method gives increased coding efficiency due to larger encoded block size and stream diversity, the latter gives possibility to send smaller data block, which can be useful for H-ARQ retransmissions. 
· Multiple user spatial reuse, where the streams in a certain resource block are intended for different users. One motivation for this mode by the fact that in the multiple antenna Gaussian broadcast channel, transmitting all streams to a single user cannot achieve the sum rate capacity [3] so it is useful for EUTRA to support this mode. This can also be seen as a spatial division multiple access (SDMA) scheme.
· Spatial diversity mode, which has the aim of increasing the robustness of the transmission against channel fading by adding the space dimension to the resource block mapping. Hence, this mode allows for use of space-time or space-frequency codes such as [1].
· Combined spatial multiplexing-diversity mode, where space-time or space-frequency coding is used to obtain some degree of diversity but the spatial reuse is larger than one. An example is D-STTD [4]. The spatial reuse can as in the spatial multiplexing mode be either for a single user or for multiple users and the streams may use different modulation constellations. Also, this mode requires at least as many receive antennas as the number of streams. 
3 Precoded downlink MIMO

All the MIMO modes in Section 2 can optionally be combined with a precoder, which is defined as some linear mathematical operation on the signals to be transmitted from the different antennas, which improves the downlink performance. To achieve an improvement, the precoding operations are matched to the downlink channel in some sense.  It can thus be determined by MIMO feedback information received on the uplink channel from the UE’s. 
Due to the channel frequency selectivity, the mentioned MIMO feedback is valid only for a certain frequency interval of the total transmission bandwidth, which often makes the amount of feedback to cover the whole bandwidth impractically large. So, the precoding operation using downlink channel information can for instance be used for a resource block defined with subcarriers that are localized in a narrower bandwidth than the whole signal bandwidth.        

It is also possible that the precoding is not dependent on the feedback channel, it can in some cases also be selected randomly, which removes the MIMO feedback requirements and moves the downlink performance enhancement opportunity to the scheduler; see for instance the concept of random beamforming in [2]. With random precoding it can be applied to the whole bandwidth, which is useful for non-consecutive (scattered) subcarrier channels.  

Note that the well known smart antenna techniques should also be considered as a MIMO mode. It can be seen as precoded spatial multiplexing with spatial reuse one where the precoding is determined by either feedback, randomly, or using uplink channel measurements as in WCDMA Rel.5.
An example of when linear precoding also could be useful is when the number of basestation antennas is 4 and a spatial multiplexing scheme with spatial rate 2 is desired (for instance, due to constraints in the number of available receiver antennas). In this case, a rank 2 linear precoding matrix can be used to map the 2 streams to the 4 transmitter antennas.
4 Text proposal
Here follows the text proposal for inclusion of the abovementioned principles into the downlink MIMO section of TR 25.814.
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7.1.1.4
MIMO 
To cope with different channel environments and different demands from traffic load, three basic MIMO modes are defined as follows. These MIMO modes are independently applied to each resource block.
· Spatial multiplexing

· Spatial diversity

· Combined diversity-multiplexing

An encoded data block is allowed to be mapped to several resource blocks, using different MIMO modes and even to different spatial multiplexing streams within a resource block.    

7.1.1.4.1 Spatial multiplexing
With spatial multiplexing, a resource block can be reused in the spatial dimension, which leads to an increased system throughput. This is denoted spatial reuse and the overlapping transmissions are denoted streams.  When spatial multiplexing is used, no transmit diversity algorithms are used, so data symbols are directly mapped to the physical channel resource blocks. A degenerate case of the spatial multiplexing is the single stream transmission. The different streams in a reused resource block may have different modulation. The streams need not be intended for a single user but can be intended for different users, thereby enabling SDMA operation.   
7.1.1.4.2 Spatial diversity
Spatial diversity is a single stream transmission (no resource block reuse) introduced by a space time or space frequency encoding algorithm such as the Alamouti algorithm [1]. 

7.1.1.4.3 Combined diversity-multiplexing 

Spatial diversity combined with spatial reuse is possible with this combined diversity-multiplexing mode. Two streams of spatial diversity encoded data are mapped to the same resource block. The different streams in a reused resource block may have different modulation. The streams need not be intended for a single user but can be intended for different users.   
7.1.1.4.4 MIMO precoding
The downlink MIMO modes described in Sections 7.1.1.4.1-7.1.1.4.3 can optionally be combined with a precoding operation. The precoder combines linearly the output signals from the schemes above in some manner and the number of precoder output signals matches the number of transmit antennas. The precoder can generally be described by a matrix or in the degenerate single stream spatial multiplexing case, a vector. The purpose of the spatial precoder is to match the transmitted signals to the spatial channel using side information, made available for a certain frequency band through the MIMO feedback channel. Random precoding shall also be considered as another possibility if feedback information is unavailable. 
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� We widen the definition of spatial multiplexing to allow for the special case of a single stream transmission in this mode, although it can be seen as a contradiction since there is no actual multiplexing or spatial reuse (since it is one). However, a single stream transmission can be useful and together with precoding, we also allow for the use of “classical” beamforming at the transmitter within this definition. 





