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1 Introduction
At last meeting held in Seoul, there were two major proposals on rate 1 codes. One such proposal originated by Nokia used a Diag-ABBA code [1], however the receiver was not given at that time. Nortel also proposed a rate 1 code [2] named Sub Coding Based Transmit diversity (SCTD) code. The two codes functions differently. For the SCTD, a general, simple STTD decoder for decoding well-known Alamouti code can be used. For the Diag-ABBA code, however, it is believed that its performance could be poor if decoding is not done properly.  The purpose of this contribution is to compare the performance of these two codes along with some complexity analysis on the decoders. 
2 Background
2.1 The Sub Coding Based Transmit diversity (SCTD) code
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2.2 The Diag-ABBA code

A Diag-ABBA code is defined as
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(2)

where
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(3)

By reorganizing equations (2) and (3), we get the code in the form of
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By defining
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(5)

equation (4) can be written in a more concise and familiar way
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Note that there is a scaling factor of 
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, is a constant. Note that equation (6) actually takes the Sub-Coding Based Transmit diversity (SCTD) code format (equation (1)) but with a scaling factor of 
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 to make the transmitted energy be equal to Nortel’s case.
Both codes can be used for STBC and SFBC. If used as STBC, the rows of matrices in equations (1) and (6) correspond to time, while columns correspond to antennas. If used as SFBC, the rows of matrices in equations (1) and (6) correspond to sub-carriers, while columns still correspond to antennas.

2.3 Decoding Process
For the Coding Based Transmit diversity (SCTD) code, a simple and general STTD decoder for decoding well-known Alamouti code can be used. It achieves ML performance.  
For Nokia’s diag-ABBA code, a two-step approach can be used:
1. A general STTD decoder can be  used to decode entries of 
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2. A ZF or a LMMSE decoder can then be used to estimate 
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 from step 1. 
3 Simulation Setup and Results
· Bandwidth: 10 MHz

· IFFT/FFT Block = 1024

· Useful carriers: 600 carriers (not include DC)

· Turbo code block size:   four OFDM symbols 

· Four transmit antennas and two receive antennas
· Ideal channel
· Code rate and modulations: QPSK 1/3, 2/3 and 4/5; QAM-16 1/3, 2/3 and 4/5
· Receivers: STTD decoder for Nortel’s code; STTD/ZF or STTD/LMMSE for diag-ABBA code.  
· Channels: ITU PB 3 km and ITU VA 30 km

Figure 1 to Figure 4  shows the SNR vs BLER curves for two schemes implemented in SFBC mode, one uses Nortel’s rate 1 code and the other uses diag-ABBA code. For diag-ABBA code, both STTD/ZF and STTD/LMMSE decoding are evaluated. 
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Figure 1: Performance comparison of rate 1 code for QPSK,  PA 3 km/hr
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Figure 2: Performance comparison of rate 1 code for QAM-16,  PA 3 km/hr
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Figure 3: Performance comparison of rate 1 code for QPSK,  VA 30 km/hr
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Figure 4 Performance comparison of rate 1 code for QAM-16,  VA 30 km/hr
The two schemes are also implemented in STBC mode.  Table 1 to Table 4 list all the SNR values in dB for both schemes measured at 1e-2 BLER for both STBC and SFBC modes. 
	SFBC, PB 3km/hr 
	Sub-Coding Based Transmit diversity (SCTD) code : STTD decoder 
	Diag-ABBA code: STTD/ZF decoding
	Diag-ABBA code: STTD/LMMSE decoding

	QPSK:   r=1/3

r = 2/3

r = 4/5
	-1.2

3.9

6
	-0.5

4.3

6.2
	-0.9

4

6

	QAM-16:   r=1/3

r = 2/3

r = 4/5
	4

9.8

12.2
	4.4

10.2

12.5
	4.4

10.2

12.5


Table 1: SNR (dB) at 1e-2 BLER for SFBC,  PB 3km

	SFBC, VA 30 km/hr 
	Sub Coding Based Transmit diversity (SCTD) code, STTD decoder 
	Diag-ABBA code: STTD/ZF decoding
	Diag-ABBA code: STTD/LMMSE decoding

	QPSK:   r=1/3

r = 2/3

r = 4/5
	-0.8
4.3
6.3
	-0.1
4.7
6.5
	-0.5
4.4
6.3

	QAM-16:   r=1/3

r = 2/3

r = 4/5
	4.3
10.1
12.6
	4.8
10.4
13
	4.8
10.4
13


Table 2: SNR (dB) at 1e-2 BLER for SFBC,  VA  30 km
	STBC, PB 3 km/hr 
	Sub Coding Based Transmit diversity (SCTD) code : STTD decoder 
	Diag-ABBA code: STTD/ZF decoding
	Diag-ABBA code: STTD/LMMSE decoding

	QPSK:   r=1/3

r = 2/3

r = 4/5
	-1.2
4
5.9
	-0.5
4.2
6.1
	-0.9
4

5.9

	QAM-16:   r=1/3

r = 2/3

r = 4/5
	4
9.8
12
	4.4
10.1
12.3
	4.4
10.1
12.3


Table 3: SNR (dB) at 1e-2 BLER for STBC,  PB 3 km
	STBC, VA 30 km/hr 
	Sub Coding Based Transmit diversity (SCTD) code : STTD decoder 
	Diag-ABBA code: STTD/ZF decoding
	Diag-ABBA code: STTD/LMMSE decoding

	QPSK:   r=1/3

r = 2/3

r = 4/5
	-0.9
4.2
6.2
	-0.1
4.7
6.5
	-0.5
4.3
6.3

	QAM-16:   r=1/3

r = 2/3

r = 4/5
	4.3
10.2
12.6
	4.8
10.5
12.8
	4.8
10.5
12.8


Table 4: SNR (dB) at 1e-2 BLER for STBC, VA 30 km
From the plots and tables, some observations can be made:

· For diag-ABBA code, using a LMMSE decoder in 2nd step could improve the performance over using a ZF decoder for some coding and modulations.

· The performance of the Sub Coding Based Transmit diversity (SCTD) code, outperforms diag-ABBA code with a STTD/LMMSE decoder in a range of 0.3 dB to 0.5 dB at 1e-2 BLER for most coding and modulation sets. 
· The performance of Coding Based Transmit diversity (SCTD) code outperforms diag-ABBA code with a STTD/ZF decoder in a range of 0.3 dB to 0.8 dB at 1e-2 BLER. 
· The similar performance trend is seen from both STBC and SFBC modes
In terms of implementation complexity, as can be seen from the previous decoding process analysis, the compleixy of decoding diag-ABBA code is higher than decoding Sub Coding Based Transmit diversity (SCTD) code as one more step is needed for decoding diag-ABBA code. If a LMMSE decoder is used for decoding diag-ABBA code in the 2nd step, more complexity is expected than using a ZF decoder as a LMMSE decoder requires matrix conversion operation. 
4 Conclusions

This contribution presents simulation results to compare two schemes on rate 1 code for UMTE LTE downlink. The results show that the Sub Coding Based Transmit diversity (SCTD) scheme proposed by Nortel in Seoul outperforms the scheme proposed by Nokia using diag-ABBA code. In terms of implementation, the Sub Coding Based Transmit diversity (SCTD) scheme also has the advantage with less complexity.  Therefore, if rate 1 transmit diversity is adopted by the standard, the Sub Coding Based Transmit diversity (SCTD) scheme scheme should be selected.   
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