3GPP TSG RAN WG1 #43
                                            R1-051399 
Seoul, South Korea, 7 November – 11 November 2005
Source: 
Institute for Infocomm Research (I2R), NTT DoCoMo
Title:
MIMO Transmission Techniques for E-UTRA
Agenda Item:
8.5
Document for:
Discussion and Decision
1. Introduction
In the #42bis meeting (San Diego), some aspects of LTE MIMO were set out [1]. Several contributions have also been presented outlining the different possible techniques for LTE MIMO [2-4].  In this contribution, we present detailed descriptions of a few MIMO transmission modes for MIMO-OFDMA and SC-FDMA in E-UTRA.
2. MIMO Transmission Schemes
2.1. System Structure
We consider a MIMO system with M transmit antenna and N receive antenna. The system can be modelled as

      y  = Hx + w    
                                                  (1)
where x is the transmit vector, H is the channel matrix, y is the receive vector and w is noise vector at the receiver. The block diagram such a MIMO transmission system is shown in Figure 1. The space time processing (STP) block may be reconfigured into the following operation modes:

· Spatial division multiplexing (SDM). The STP can be represented by an M x M identity matrix. In the SDM mode, same coding rate and modulation order shall be used for each spatial stream;

· Space-time block coding (STBC) mode . The STP is represented by the encoding process given in Section 2.3. Same coding rate and modulation order shall be used for each STBC stream;

· Transmit beamforming (TXBF) mode. TXBF can be applied when the channel state information (CSI) is available at the transmitter (either explicitly or implicitly). The detailed operation of TXBF can be referred to Section  2.4.
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Figure 1.  Diagram of a MIMO transmission system
2.2. Spatial Division Multiplexing (SDM)
For spatial multiplexing, we have M parallel streams of data being transmitted from the M transmit antennas simultaneously. Each stream is encoded with the same rate and modulated with the same modulation order.
2.3. Space Time Block Coding (STBC)
STBC exploits the spatial diversity of the system to provide better performance. It is especially effective in the following scenarios:

· Asymmetric MIMO channels when there are more transmit than receive antennas;

· When there is no CSI available at the transmitter.

Here we present two sets of space time block codes which are feasible for the implementation at the Node B, as given in Table 1 for M=2 system (the Alamouti STBC [5]), and in Table 2 for M=4 system. Both STBC’s have a coding rate of one.
	
	n
	n + 1

	Transmit Antenna 1
	x1
	x2

	Transmit Antenna 2
	-x2*
	x1*


Table 1. Space Time Block Codes for 2 transmit antennas
	
	n
	n + 1

	Transmit Antenna 1
	x1
	x2

	Transmit Antenna 2
	-x2*
	x1*

	Transmit Antenna 3
	x3
	x4

	Transmit Antenna 4
	-x4*
	x3*


Table 2. Space Time Block Codes for 4 transmit antennas
The STBC codes exploit the spatial diversity of the channel and provide a good tradeoff between multiplexing and diversity gains. With the appropriate manipulation at the receiver, the received streams can also be effectively decoupled, making way for the streams to be detected using the ML criterion at moderately low costs. 

2.4. Transmit Beamforming (TXBF)
When CSI is available at the transmitter (either implicitly or explicitly), TXBF can be used to attain simultaneously the diversity gain, multiplexing gain, and beamforming gain.

The CSI can be attained by either CSI feedback from the receiver in FDD mode, or assuming channel reciprocity in TDD mode.

The principle of TXBF is as follows. Performing singular value decomposition (SVD) on the channel matrix H as 

H = UDVH  





(2)
we can re-write the system equation (1) as

y = UDVH x + w.




(3)
The beamforming is performed by the transmitter pre-multiplying the transmit vector by V such that the resultant system can be written as
y = UD
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(4)
At the receiver, the received vector is multiplied by UH such that 
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(5)
The communications system is effectively decoupled into different parallel channels with different SNRs. The capacity is achievable if “water filling” is applied to each of the parallel channels. This can be implemented by using adaptive modulation and power loading [6].
3. Simulation Results
	Parameter
	

	Carrier frequency
	2.0 GHz

	Transmission Bandwidth
	5 MHz

	Sub-carrier spacing
	15 kHz

	Sampling Frequency
	7.68 MHz

	FFT size
	512

	Number of occupied sub-carriers
	301 (including DC)

	TTI Length
	0.5 ms

	Number of OFDM symbols per TTI
	12 (6 x 2)


	Number of data symbols per TTI
	3600 (1800 x 2)

	Symbol rate
	7.2 million symbols/s (3.6 million symbols/s x 2)

	Cyclic Prefix (CP) Length
	4.82 μsec (37 samples)

	Channel model
	Typical Urban (TU) 

	MIMO configurations 
	2 x 2 (SM)
4 x 2 (STBC)

4 x 2 (Transmit Beamforming)

	Transmit and receive antenna correlation 
	0

	Modulation Coding Sets 

(Rate punctured Turbo codes)
	QPSK with r = 1/2 and 8/9
16QAM with r =  1/2 and 8/9


	Detection
	Linear MMSE

	Channel Estimation
	Perfect channel estimation


Table 2. Simulation parameters
Table 1 shows the simulation parameters used in the simulations. We follow closely the parameters in [7]. We assumed the same data rate for all the different MIMO configurations.
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Figure 2. Performance of Rate ½ QPSK for different transmission schemes
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Figure 3. Performance of Rate 8/9 QPSK for different transmission schemes

[image: image6.emf]4 6 8 10 12 14 16

10

-4

10

-3

10

-2

10

-1

10

0

SNR (dB)

 Performance of 16 QAM Code Rate 1/2

FER

1 Iteration

3 Iterations

5 Iterations

8 Iterations

TXBF 

STBC 

SDM 


Figure 4. Performance of Rate ½ 16 QAM for different transmission schemes
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Figure 5. Performance of Rate 8/9 16 QAM for different transmission schemes

In Figures 2-5, we present the frame (TTI)  error rate performance using different MCS sets for the different transmission schemes.

4. Conclusions
In this contribution, we presented several transmission modes for LTE MIMO. We have also shown the advantages and disadvantages of the different schemes and the situations where they will be suitable. We have also presented some simulations to back up our claims. We would like the three different transmission modes presented in this contribution to be considered as possible transmission modes in LTE MIMO.
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7.1.1.4 MIMO

Spatial multiplexing should be considered as the primary mode of operation for MIMO.

Space time block coding should be considered as a transmission mode.

Transmit beamforming should be considered as a transmission mode with possible rate and power adaptation.
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Spatial multiplexing should be considered as the primary mode of operation for MIMO.

Space time block coding should be considered as a transmission mode.

Transmit beamforming should be considered as a transmission mode with possible rate and power adaptation.
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