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1 Introduction

In the past RAN1 meetings, many multiple antenna schemes for E-UTRA have been provided. Among these schemes many companies focus on the combination of different multiple antenna techniques such as beam-forming, spatial multiplexing and Space-Time Coding (STC). We also think it is a good way to apply multiple antenna technology for E-UTRA. 

As required in the TR 25.913 v7.0.0, E-UTRA should support high data rate and a variety of coverage scenarios including the cases up to 5km, 30km and 100km [1]. In the TR 25.814 v0.2.1 beam-forming technology used at the base station has been a general method to mitigate the inter-cell interference.[2,3]. So beam-forming and spatial multiplexing should be seen as candidate multiple antenna techniques to reach the requirements. Beam-forming can increase the cell range, mitigate the inter-cell interference and save transmitter power. Spatial multiplexing can increase the data rate. Anyway STC is also can be seen as a candidate multiple antenna technique. 
In this document, an overall multiple antenna scheme combining beam-forming, spatial multiplexing and STC is proposed for E-UTRA downlink, and further considerations of beam-forming is discussed.
2 Multiple antenna scheme for E-UTRA downlink
The various multiple antenna techniques can be simply classified into three categories, beam- forming, spatial multiplexing and spatial diversity (including transmit diversity and receive diversity). In the scheme different multiple antenna techniques can be selected to adapt different wireless environments. For low spatial correlation channel, spatial multiplexing can be used to increase data rates which need high SNR. Transmit diversity technology (such as STC) can be used to combat fast fading to increase link reliability. So in many cases spatial multiplexing is applied in the area near BS and transmit diversity is applied in the area near cell edge. For high spatial correlation channel, beam-forming can be used to mitigate inter-user interferences, especially inter-cell interferences for E-UTRA, to increase link reliability. Further beam-forming can also be used to increase data rates and only one received antenna is needed. In this case different user can use the same frequency and time resource and be covered by different beams, i.e. SDMA.
The spatial correlation depends basically on the scattering environment and the space between array elements. Generally when there are rich scatters around transmitter, the channel can be seen as a low spatial correlated one and contrariwise, a high correlated one. In fact the E-UTRA system will be deployed in a large coverage scenario, the high spatial correlation can be gained because of the considerable height of BS antenna and no rich scatters around it. It is true that the wireless channel is a time-varied channel. And for the small coverage scenario, there is no mechanism can be used to ensure the scatters are rich around transmitter when the effect of array spacing is ignored. So the spatial correlation will be mainly dependent on the space between array elements. 
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Figure 1, a transmitter with linear antenna array of M elements
As described in section 1, beam-forming, spatial multiplexing and STC are selected as the candidate multiple antenna techniques for E-UTRA. All these techniques can be combined into an overall multiple antenna scheme. But it is well-known that the lager array spacing will result in the lower channel correlation. Spatial multiplexing and STC require large array spacing and beam-forming requires a relatively small one. To reach the target of combination of different multiple antenna techniques which have different array spacing requirements, the array configuration at BS should be considered. In figure 1 a transmitter with linear array of M elements is proposed which can flexibly support different multiple antenna techniques. The key characteristic of the proposed array is that the space between adjacent elements is relatively small for example half wavelength. The M elements can be grouped into N sub-arrays in which the elements is adjacent. When beam-forming is selected, all the M elements can be used to form a beam or multiple beams (SDMA, Type I), see figure 2 a) and b). When spatial multiplexing and STC are selected, each sub-array can form a beam to transmit different data streams or coded streams for STC, see figure 2 c). In this case the beam-forming of each stream can also increase the received SNR at UE. When each stream is beam-formed, the different streams can also be transmitted to different users which can also be seen as a method as SDMA (Type II), see figure 2 d).
The proposed multiple antenna scheme combining beam-forming, spatial multiplexing and STC can be flexibly applied to various coverage scenarios. For large coverage scenarios, the beam-forming and spatial multiplexing will be selected with high priority. The beam-forming can not only increase the cell range but also the effect range of spatial multiplexing. For small coverage scenarios, for example indoor environments, STC and spatial multiplexing will be selected with high priority.
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a) beam-forming 





b) SDMA Type I
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c) Spatial multiplexing and STC

  
d) SDMA Type II
Figure 2, Schematics for different multiple antenna techniques used with the same antenna array
3 Further considerations of beam-forming
For beam-forming, the transmitter requires beam-forming weights. Two methods can be used to estimate the weights. One is the close-loop method that the receiver estimates the channel and feedback channel state information or corresponding weights to transmitter. Using this method it can be gained the matching of the estimated weights and the frequency resources used to transmit in downlink. There are some disadvantages of the close loop method. Firstly, the feed back mode must use some uplink bits to transmit channel information or beam-forming weights, and downlink bit to transmit multiple antenna pilots, so the spectrum efficiency will decrease. Secondly, the feed back delay, error and the limit of feed back bits will introduce beam-forming error which leads to system instability. Finally, the feed back mode will make the system more complicated and increase computational complexity of UE．

Another is the open-loop method to estimate the beam-forming weights. The BS receives the uplink array signals which will be used to estimate downlink beam-forming weights. The weights can be gained from the estimated uplink channel state information. Using this method it doesn’t require feeding back any channel state information or weights from uplink, and doesn’t require transmitting different pilots from different antenna elements in downlink. These will reduce the system overhead which maybe helpful to the system frequency efficiency. One important problem is that downlink transmission and uplink transmission may use different carrier frequency, which will lead to weights estimation error. So the open-loop method is more suitable for TDD mode, in which the uplink and downlink work in the same frequency band. And in OFDMA systems, we can choose the same or nearby sub-carriers for uplink and downlink transmission for the same UE.
4 Conclusions
In this document, a multiple antenna scheme combining beam-forming, spatial multiplexing and STC is proposed for E-UTRA downlink. In order to enable beam-forming and spatial multiplexing at the same time, one antenna array with relatively small space between adjacent elements is proposed. Some adjacent elements can be grouped to transmit one beam-formed stream which may be further spatial multiplexed. Two weight estimation methods for beam-forming are discussed. For TDD mode the open loop method is preferable.
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