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1 Introduction

It is commonly agreed that close-loop multi-antenna techniques are preferred to satisfy the peak data rate requirement of 5bps/Hz and 2.5bps/Hz spectral efficiency for EUTRA downlink and uplink respectively. Many different MIMO techniques were put forward at RAN WG1 #42 meeting and UTRA, and in general, one scheme is only appropriate for a certain set of scenarios [1, 4]. The best solution is to feedback the channel parameters from the receiver to the transmitter just like the method proposed in [5]. However this brings a problem that a significant amount of feedback information is required.

In RAN WG1 #42 meeting, we proposed a close-loop multi-antenna technique----unifying MIMO (U-MIMO) for EUTRA, which can be applied in various propagation environments, transmit and receive antenna numbers, deployment scenarios, UE mobility, etc. The U-MIMO is a composite technique, which is the harmonization of a set of techniques such as data compression, adaptive modulation and coding, data stream number determination and power allocation as well as linear pre-coding at transmit antennas. In this contribution, we further illustrate the principle of U-MIMO and show some simulation results.
2 Challenges to multi-antenna techniques

The targets for EUTRA related to multi-antennas are [6]:
-
Significantly increased peak data rate e.g. 100 Mbps (downlink) and 50 Mbps (uplink)

· Increase cell edge bit rate
· Significantly improved spectrum efficiency ( e.g. 2-4 x Release 6)
-
Reasonable system and terminal complexity, cost, and power consumption. 

· System should be optimised for low mobile speed but also support high mobile speed
· Baseline configuration of antennas

a)
Downlink capability – 2 Tx antennas at Node B and 2 Rx antennas at UE
b)
Uplink capability – 1 Tx antenna at UE and 2Rx antennas at Node B

To achieve these targets, multi-antenna techniques face the following challenges:

Antenna numbers

Although a baseline MIMO configuration (2 by 2 in downlink, 1 by 2 in uplink) is determined the evaluation of multiple access schemes, a larger number of antennas should also be considered for achieving high spectral efficiency. Some simulation results show that in many scenarios, in order to support 5bps/Hz in downlink and 2.5bps/Hz in uplink, 2 antennas at Node B and 1 or 2 antenna(s) at UE may be not enough (e.g. with a relatively low SNR). How many antennas will be required to support the target spectral efficiency in various environments is still under investigation. If more than 4 antennas are used in the Node B, then many current MIMO proposals based on 2 or 4 antennas cannot be used or need to be modified.

Antenna spacings

In the current MIMO models, antenna spacings 0.5(, 4( and 10( are adopted. For the application of spatial multiplexing, a large antenna spacing is preferred to decrease the spatial correlation between antennas. At the cost of a large antenna spacing, a large physical size of the array is required. For example, a 4-antenna array operating at 2GHz with antenna spacing 10( needs a space of 4.5m for accommodation. And the grating lobes will make it difficult to implement SDMA. On the other hand, small antenna spacing such as 0.5( will be beneficial for beamforming, otherwise result in a high inter-antenna correlation in some cases. Hence it will be helpful to embrace the MIMO techniques corresponding to different antenna-spacing configurations into a unifying framework.

Propagation environments

Another problem in employing MIMO is how to adapt to the various propagation environments. A multi-antenna Node B may be deployed in a dense urban area, a suburb area or a countryside area. Hence the inter-antenna correlations could vary in a large range (from very low to very high, sometimes line-of-sight may exist). Therefore the MIMO technology should be able to adapt to different propagation environments.

Reliable and high efficient data transmission

EUTRA will support scalable bandwidth such as 1.25/2.5/5/10/15/20MHz. Meanwhile the SNR and correlation between antennas may also change significantly from the center to the edge of a cell. Hence for different channel conditions, the candidate MIMO technology should be able to provide a reliable and high efficient transmission.  

Feedback requirements

In the close-loop MIMO, the optimal feedback approach is to transmit all instantaneous channel parameter from receivers to transmitters, and then too much feedback information needs to be transmitted. Hence an agreeable feedback scheme will an essential part of EUTRA MIMO techniques.

3 Principle of U-MIMO
To deal with above challenges to EUTRA MIMO, we propose a robust technique----U-MIMO, which can be used in various channel environments, antenna configurations and mobility conditions. The basic operation of U-MIMO is based on the fact that the MIMO channel matrix can be expressed in a general format:
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where K represents Ricean factor, 
[image: image2.wmf]T

Σ

 and 
[image: image3.wmf]R

Σ

 denote the transmit and receive correlation matrices respectively. 
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where the column vectors 
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 are array manifolds at receiver and transmitter respectively. The superscript H represents conjugate complex transpose. The unifying expression of the MIMO channel matrix implies that different MIMO techniques can be implemented in a unifying manner.
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Figure 1 Principle of U-MIMO

In a U-MIMO system (as shown in Fig.1), channel parameters are estimated at the receiver end, and then the statistical channel correlation matrix is calculated. Due to the slow variation of the long-term statistics of channel, the parameters representing the channel correlation matrix can be further reduced and compressed. The compressed parameters, together with channel capacity, are fed back to the transmitter. Then the number of the data streams are determined via the eigen-decomposition of feedback channel covariance. By using the statistical water-filling method, the transmit power on each data stream can be allocated. After that, the modulation order and coding rate of each data stream will be determined.Then the modulated and coded data streams are pre-coded. Finally, the CP and pilot symbol are inserted, before the streams are transmitted via multiple antennas. The implementation flow chart of U-MIMO is shown in figure 2.


Figure 2 Implementation flow chart of U-MIMO

4 Simulations

In this section, the performance of U-MIMO is shown with simulations. The simulations are based on the GMC transmission scheme, and the corresponding simulation parameters are listed in table 1. The simulation results for OFDM systems could be provided in future.

Table 1 – Simulation Parameters

	Bandwidth
	19.2MHz

	Sub-frame length
	0.5ms

	Tx, Rx antenna
	2-by-2, 2-by-4, 4-by-4

	Turbo Coding
	Rate=1/2

	Modulation
	QPSK, 16QAM

	Channel model 
	Typical Urban

	Fading correlation factor
	0.0, 0.5

	UE velocity
	3km/h
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Fig. 3 Throughput of U-MIMO
From figure 3 we know that in an uncorrelated environment, it takes about 6dB and 6.5dB Es/N0 for 4-by-4 and 2-by-4 antennas to achieve the 50MHz throughput with system bandwidth 19.2MHz, while 2-by-2 antennas cannot reach 50MHz throughput even if the Es/N0 approaches 14dB. When the correlation coefficients at transmitter and receiver both are 0.5, it takes about 9.5dB and 12dB Es/N0 for 4-by-4 and 2-by-4 antennas to achieve the 50MHz throughput with system bandwidth 19.2MHz.

5 Conclusions
In summary, we think that the candidate MIMO techniques for EUTRA should satisfy the following requirements:

· Efficient transmission in various propagation environments

· Adaptive to different numbers of antennas and antenna spacings

· High spectral efficiency and data transmission reliability

· Acceptable feedback overhead

Based on the above requirements, we propose a multiple antenna technique----U-MIMO, which can be used in various channel conditions and achieve high spectral efficiency in low BER and with a relatively small amount of feedback information.
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