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1. Introduction

As stated in [12], E-UTRA should support an instantaneous uplink peak data rate of 50Mb/s (2.5 bps/Hz) within a 20MHz uplink spectrum allocation. The peak data rates should then scale linearly with the size of the spectrum allocation.

MIMO is considered essential for E-UTRA to provide high data rates and increased system capacity for the OFDMA downlink. Many proposed schemes are currently under investigation. It is also desirable to use MIMO for SC-FDMA uplink for the same reasons. However, less attention has been paid to the latter.

The previous contribution [17] proposed a MIMO scheme for SC-FDMA uplink using two transmitters at the UE. The method allowed for the selection of two uplink transmission modes: either single-stream MIMO using Space Time Coding (STC) such as space time or space frequency block coding, or multi-stream MIMO using Transmit Eigen-Beamforming (TxBF) or pre-coding. Because the advantages of STC versus TxBF are dependent on the channel conditions, the mode of transmission (STC vs. TxBF) may be selected based on a suitable metric, e.g. SNR, channel-matrix rank, condition number, delay spread, etc. In this contribution we continue the discussions of the proposed MIMO SC-FDMA scheme by including a consideration for Adaptive Modulation and Coding (AMC). The simulations, results, and discussions are extended to include TxBF with AMC.
2. System operation and description 

2.1. Transmission sequence

For reference the subframe format for SC-FDMA is shown below. Reference symbols are transmitted in the two short blocks. The Node B obtains channel estimates from these which may be fed back, suitably quantized, to the UE using techniques such as DCFB [7] or similar methods [4].
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Figure 1 Sub-frame format with two short blocks

2.2. Functional Description

Figures 2 and 3 show the transmitter and receiver block diagrams, respectively. Table 1 describes each functional part in the transmitter and receiver. Channel state information is feedback from the Node B to the UE using techniques such as DCFB [7] or similar methods [4].  The transmitter diagram below should be interpreted as supporting either a single stream with a single codeword, e.g. for SFBC, or one or two streams with TxBF.
Table 1.  Description of each functional part in the transmitter and receiver
	
	Function
	Description

	Transmitter
	Channel Encoder
	Turbo Encoder

	
	Puncturing and Spatial Parsing
	Rate matching and spatial bit mapping

	
	Frequency Interleaving
	Bit interleaving

	
	Constellation Mapping
	QPSK, 16-QAM mapping

	
	Channel State Information
	Channel state information for the transmitter may be derived from the feedback of CSI from the Node B 

	
	2-D Spatial Transform
	May implement SM, STC, or TxBF using the same functional interface.

	
	Sub-Carrier Mapping
	Either distributed or localized sub-carrier mapping may be accommodated.

	Receiver
	Channel Estimation
	Channel estimation is done on a per sub-carrier basis using either LS or MMSE. 

	
	Space Time Decoding (STD)
	STD decodes the STC if present.

	
	Sub-Carrier Demapping
	

	
	MMSE
	This contribution demonstrates results using an MMSE decoder. An MMSE-SIC or ML receiver could also be used at the cost of higher Node B complexity.

	
	Channel Decoder
	Turbo Decoder



[image: image2.emf]
Figure 2. Transmitter Block Diagram
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Figure 3. Receiver Block Diagram

3. Simulation Results

3.1. Simulation assumptions

The simulation parameters used are similar to those used in [11] for MIMO SC-FDMA. AMC is included in these results. A Linear MMSE (LMMSE) receiver was used for these simulaiton results.

Table 2. Simulation parameters
	Parameter
	Assumption

	Carrier frequency
	2.0 GHz

	Symbol rate
	4.096 million symbols/sec

	Transmission bandwidth
	5 MHz

	TTI length
	0.5 ms (2048 symbols)

	Number of data blocks per TTI
	6

	Number of data symbols per TTI
	1536

	FFT block size
	256

	Cyclic Prefix (CP) length
	7.8125 μsec (32 samples)

	Channel model
	Typical Urban (TU6) 

	Antenna configurations 
	2 x 2 (MIMO)

	Fading correlation between transmit/receive antennas
	 = 0

	Moving speed
	3 km/h 

	Data modulation
	QPSK and 16QAM 

	Channel coding 
	Turbo code with R =  1/2, 1/3 and 

soft-decision decoding 

	Equalizer 
	LMMSE

	Feedback error
	None

	Channel Estimation
	Perfect channel estimation


Table 3. Achievable data rates in 5 MHz bandwidth
	MCS
	Achievable data rate

	TxBF: 16 QAM & QPSK r = 1/2
	9.216 Mbps

	TxBF: 16 QAM & QPSK r = 1/3
	6.144 Mbps

	TxBF: 16 QAM & QPSK r = 1/4
	4.608 Mbps

	TxBF: 16 QAM & QPSK r = 1/6
	3.072 Mbps

	TxBF: 16 QAM & QPSK r = 1/8
	2.304 Mbps

	TxBF: QPSK & QPSK     r = 1/2
	6.144 Mbps

	TxBF: QPSK & QPSK     r = 1/3
	4.096 Mbps

	SFBC: 16QAM r = 1/2
	6.144 Mbps

	SFBC: 16QAM r = 1/3
	4.096 Mbps


3.2. Simulation Results and Discussion

In Figure 4 throughputs for TxBF with different modulation and coding rates are shown. The leftmost curve is the throughput performance of TxBF using AMC. Using AMC optimum performance can be achieved for TxBF.
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Figure 4. Throughput performance TxBF with different modulations and coding rates
Large gains may be achieved by utilizing transmit MIMO precoding at the UE relative to those achieved for SFBC. In Figure 5 the throughput for TxBF with AMC and SFBC with 16QAM and coding rates 1/2 and 1/3 are compared. TxBF achieves much higher throughput, 9.216 Mbps, than SFBC 1/2 and 1/3 which achieve maximum data rate 6.144 and 4.096 Mbps when signal quality is sufficiently good such as at high SNR. At low SNR TxBF using AMC is shown to outperform SFBC. 
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Figure 5. Throughput performance for TxBF and SFBC
For example for throughput 2 Mbps there are 3.6 and 4.5 dB performance gains for TxBF with AMC as compared to SFBC using 16QAM and with rates1/3 and ½ respectively. For data rate 1Mbps the performance gains for TxBF are 4.2 and 5.5 dB as compared with SFBC with rates 1/3 and ½ respectively. 
The table below summarizes the gain of TxBF relative to SFBC with two antennas. For the TU6 channel model considered here, it can be observed that additional gains are achievable for TxBF using AMC as compared with SFBC.  

Table 4. SNR gain (dB) TxBF to SFBC vs. throughput 

	Throughput
	TxBF vs SFBC (16QAM, ½)
	TxBF vs SFBC (16QAM, 1/3)

	1 Mbps
	5.5
	4.2

	2 Mbps
	4.5
	3.6

	3 Mbps
	2.9
	1.4

	4 Mbps
	1.9
	0.9


4. Conclusions

The advantages of transmit MIMO precoding using TxBF has been shown. Furthermore it has been shown that SFBC demonstrates an advantage at lower SNR while an additional advantage in throughput is available from using TxBF over the entire SNR range. 
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