3GPP TSG RAN WG1 #45
                                            R1-061481
Shanghai, China, May 8-12, 2006

Source: 
   InterDigital Communications Corporation
Title:
User Throughput and Spectrum Efficiency for E-UTRA 
Agenda Item:

11.6.2
Document for:
Discussion 
1. Introduction

As stated in [2], the 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 rate and increased system capacity for OFDMA downlink. Many proposed schemes are currently under investigation. It is also desirable to use MIMO for SC-FDMA uplink for the same reasons.
This contribution presents results and comparisons for single and double codeword uplink transmissions using Transmit Eigen-Beamforming (TxBF) with SC-FDMA MIMO. This contribution also provides a summary of achievable throughput and spectral efficiencies for these transmission modes.
The desirable benefits of using MIMO for uplink transmission may be summarized as:

· Improved spectrum efficiency for the uplink

· Take maximum advantage of a 2 Tx antenna solution for the UE 

· Improved bit rate and robustness at the cell edge

· Reduced inter-cell and intra-cell interference due to beamforming
· Improvement in system capacity even when considering additional feedback overhead for TxBF at the UE

· Reduced average transmit power requirements at the UE by operating at a lower received SNR.
Other desirable features:

· Support for either TDD or FDD mode

· Use of STFBC for control information in the uplink

2. System operation and description 
2.1. Functional Description
Figures 2, 3, 4, and 5 show the transmitter and receiver block diagrams, respectively. Table 1 describes each functional part in the transmitter and receiver. Both single codeword and double codeword configurations are considered. Channel state information is feedback from the Node B to the UE, techniques for feedback will be considered in a future contribution.  
Table 1  Description of each functional part in the transmitter and receiver
	
	Function
	Description

	Transmitter
	Channel Encoder
	Turbo Encoding

	
	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 LMMSE. 

	
	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
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Figure 1. Single Codeword Transmitter Block Diagram
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Figure 2 Double Codeword Transmitter Block Diagram
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Figure 3. Single Codeword Receiver Block Diagram
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Figure 4 Double Codeword Receiver Block Diagram
2.2. Detail description of Single and Double Codeword TxBF
The algorithm for single and double codeword TxBF is the same, however for double codeword transmission each codeword is transmitted on a separate spatial stream. This is implemented using a spatial parser in as shown in Figure 2 and Figure 4 for the transmitter and receiver respectively. The transmit processing labels are depicted in Figure 5.
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Figure 5 Transmit Processing Labels

TxBF at the UE

For TxBF or eigen-beamforming the channel matrix is decomposed using a SVD or equivalent operation as
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The 2-D transform for spatial multiplexing, beamforming, etc. can be expressed as 
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where the matrix T is a generalized transform matrix. In the case when transmit eigen-beamforming is used, the transform matrix T is chosen to be a beamforming matrix V which is obtained from the SVD operation above, i.e., T = V. This is similar to eigen-beamforming for OFDMA, however modified to apply to SC-FDMA. 
MIMO Detector at the NodeB

MIMO detection using an LMMSE receiver can be expressed as
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where R is the receive processing matrix, 
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 are the correlation matrices and 
[image: image11.wmf]H

~

is the effective channel matrix which includes the effect of the V matrix on the estimated channel response.

3. Simulation Results

3.1. Simulation assumptions

The simulation parameters assumed are given in Table 2. Note that we assume a TU6 channel model without correlation between the transmit and receive antennas. 
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
	512

	Number of occupied subcarriers
	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 soft-decision decoding 

	Equalizer 
	LMMSE

	Feedback error
	None (Assumed Ideal)

	Channel Estimation
	Ideal channel estimation


The MCS table used for these simulations is given in Table 3; we considered relatively high code rates when needed to evaluate the highest achievable throughputs for TxBF and SIMO.

Table 3 MCS Table for Channel Coding
	MCS
	Bits/Symbol

	QPSK
	1/6

	QPSK
	1/4

	QPSK
	1/3

	QPSK
	1/2

	QPSK
	5/8

	QPSK
	3/4

	QPSK
	5/6

	16QAM
	1/6

	16QAM
	1/4

	16QAM
	1/3

	16QAM
	1/2

	16QAM
	5/8

	16QAM
	3/4

	16QAM
	5/6


In Table 4 we list the achievable throughputs for various selections of the MCS for each spatial stream. It is worth noting that the maximum achievable throughput using a double codeword and practical code rates in 5 MHz is 19.968 Mbps.
Table 4 Achievable data rates in 5 MHz bandwidth for double codeword
	MCS
	Achievable data rate

	16QAM r7/8– 16QAM r3/4
	19.9680

	16QAM r7/8– 16QAM r1/2
	16.8960

	16QAM r7/8– 16QAM r1/3
	14.8480

	16QAM r5/6 – QPSK r1/8
	11.08

	16QAM r5/6 – QPSK r1/2
	10.752

	16QAM r3/4 – QPSK r1/6
	10.24

	16QAM r1/2 – QPSK r1/3
	8.192

	16QAM r1/2 – QPSK r1/6
	7.168

	16QAM r1/3 – QPSK r1/8
	4.864

	16QAM r1/4 – QPSK r1/8
	3.840


3.2. Simulation Results and Discussion
Figure 5 below shows a comparison of the performance for double codeword using MIMO and TxBF versus SIMO for 2 antennas at the UE and NodeB. For practical code rates the maximum achievable throughput at a SNR of 14 dB is 11 Mbps for the assumed simulation conditions. It may be noted that TxBF using double codewords reaches the achievable data rate given in Table 4, while SIMO is limited to 9 Mbps at 14 dB.
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Figure 5. Throughput Comparison of TxBF using a Double Codeword and SIMO
Figure 6 below shows a comparison of double codeword performance for MIMO to SIMO for high data throughput SNR regions.  For when the SNR is 24 dB the maximum achievable throughput is approximately 19 Mbps, and when the SNR is greater than 26 dB the achievable throughput is approximately 19.97 Mbps.  From this comparison it is worth noting that using SIMO the maximum achievable throughput is 10.5 Mbps at an SNR of 20 dB.  
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Figure 6. Throughput comparison of TxBF and SIMO at higher SNR regions
Table 5 Throughput and Spectral Efficiency
	SNR
	Achieved Data rate
(Mbps)
	Spectral efficiency
per sub-carrier
(bit/Hz)

	0
	0.5
	0.1628

	2
	3.2
	1.0417

	4
	4.5
	1.4648

	6
	5.7
	1.8555

	8
	7.7
	2.5065

	10
	9.6
	3.1250

	12
	10.3
	3.3529

	14
	11.0
	3.5807

	18
	14.5
	4.7201

	22
	16.8
	5.4688

	24
	19
	6.1849

	26
	19.97
	6.5007


4. Conclusions

The achievable uplink throughput and spectral efficiencies for TxBF using double codeword, and SIMO using 2 antennas considering a 5 MHz BW has been shown. From these results it may be concluded that to achieve the required uplink throughput of 50 Mbps using SIMO in 20 MHz may be very difficult.  It has also been noted that to achieve the highest throughput of approximately 20 Mbps uplink transmission the use of TxBF is a necessarily, and using uplink SIMO the maximum throughput achieved is approximately 10.5 Mbps.   
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