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1. Introduction

With this document, we present a further extension of our recent contributions on transmit diversity schemes [1]

 REF _Ref149719277 \r \h 
[2]

 REF _Ref161641319 \r [3]. Here, we compare space-frequency block coding (SFBC) and cyclic-delay diversity (CDD) with 2 Tx antennas and 2 Rx antennas. We evaluate the impact of different numbers of used resource blocks as well as the influence of the modulation and coding scheme (MCS) on the performance of the two transmit diversity schemes. 

We find that SFBC outperforms CDD in all investigated cases. The advantage of SFBC increases with decreasing number of used resource blocks as well as with increasing spectral efficiency. We therefore support the use of SFBC as the transmit diversity scheme for data channels in E-UTRA downlink transmission in the case of 2 Tx antennas.

2. Space-frequency block coding and Cyclic Delay Diversity

SFBC was originally introduced in [4] for 2x1 and 2x2 systems (Alamouti scheme). It is a transmit diversity scheme, in which each data symbol is transmitted over multiple antennas at different points in frequency. We use the original Alamouti coding matrix in our investigations.

In the CDD scheme, a common signal is sent from multiple transmit antennas. For each of the transmit antennas a unique cyclic delay is applied to the signal. In this time domain implementation, the reference symbols for e.g. channel estimation are delayed together with the rest of the signal. This means that they are dedicated to receivers that expect CDD transmission. We can imagine scenarios where only some of the UEs in a cell experience channel conditions that require CDD transmission, whereas other UEs do not. Thus, it is desirable to exempt the reference symbols from the cyclic delay in order to keep them shared for all UEs. This can be achieved by implementing CDD in the frequency domain using the time-shift property of the discrete Fourier transform.

For a detailed description of our SFBC and CDD system models, please refer to [2]. Note that we implemented CDD in the frequency domain. For both SFBC and CDD, we use receivers with two antennas. 

3. Comparison of SFBC and CDD with different number of used resource blocks

In this section we compare SFBC and CDD for transmission over a spatially uncorrelated VehA channel with a UE velocity of 30 km/h. Here, we use QPSK modulation with a code rate of 1/3. The number of used resource blocks is either 1, 6, or 25, where the latter number represents all available resource blocks in the 5 MHz E-UTRA bandwidth. The full set of simulation parameters is given in Table 3 in the appendix at the end of this document.

Figure 1 shows the block error ratio (BLER) vs. the signal-to-noise ratio (SNR). We observe that SFBC outperforms CDD independently of the number of the used resource blocks. The SFBC advantage increases with decreasing number of used resource block, so that it becomes as much as 0.5 dB at BLER=0.1 in the case of 1 used resource block. Table 1 lists the advantage of SFBC over CDD at a BLER=0.1 for all three cases.
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Figure 1: BLER for SFBC and CDD using QPSK, R=1/3 over VehA channel with UE velocity of 30 km/h
Table 1: Advantage of SFBC over CDD at BLER=0.1 for QPSK, R=1/3

	Modulation and code rate
	Number of used resource blocks
	SFBC advantage

	QPSK, R=1/3
	1 RB
	0.5 dB

	QPSK, R=1/3
	6 RB
	0.3 dB

	QPSK, R=1/3
	All (25) RB
	0.2 dB


4. Comparison of SFBC and CDD in the interference limited case

Now we look at the case of only 1 used resource block for different MCS. BLER vs. SNR for SFBC and CDD with QPSK modulation is shown in Figure 2 and with 16-QAM modulation in Figure 3, both for various code rates. We observe in both figures, that the advantage of SFBC increases with increasing code rate. For QPSK with a code rate of 4/5 the SFBC advantage is as much as 2.3 dB at BLER=0.1, whereas it is as much as 1.4 dB at BLER=0.1 for 16-QAM with a code rate of 4/5. Table 2 lists the SFBC advantages for all considered MCS.
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Figure 2: BLER for SFBC and CDD using QPSK with various code rates over VehA channel with UE velocity of 30 km/h
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Figure 3: BLER for SFBC and CDD using 16-QAM with various code rates over VehA channel with UE velocity of 30 km/h

Table 2: Advantage of SFBC over CDD at BLER=0.1 for 1 RB

	Modulation and code rate
	Number of used resource blocks
	SFBC advantage

	QPSK, R=1/3
	1 RB
	0.5 dB

	QPSK, R=1/2
	1 RB
	0.6 dB

	QPSK, R=2/3
	1 RB
	1.3 dB

	QPSK, R=4/5
	1 RB
	2.3 dB

	16-QAM, R=1/2
	1 RB
	0.6 dB

	16-QAM, R=2/3
	1 RB
	0.9 dB

	16-QAM, R=4/5
	1 RB
	1.4 dB


5. Summary and Conclusion

Our comparison of SFBC with CDD for different numbers of used resource blocks and for different modulation and coding schemes revealed a clear advantage of SFBC over CDD. This is in agreement with our previously presented results [1]

 REF _Ref149719277 \r \h 
[2]

 REF _Ref161641319 \r [3] for various other scenarios. SFBC is especially advantageous for a small number of used resource blocks and for high code rates.

We therefore support the use of SFBC as the transmit diversity scheme for E-UTRA downlink transmission in the case of 2 Tx antennas for data channels. 
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Appendix: Simulation parameters

Table 3: General simulation parameters

	Parameter
	Setting

	Transmission bandwidth
	5 MHz

	FFT size
	512

	Used resource blocks
	1, 6, all (25)

	TTI length
	1.0 ms

	Cyclic prefix
	Short cyclic prefix

	Modulation and coding schemes
	QPSK, R=1/3
QPSK, R=1/2
QPSK, R=2/3
QPSK, R=4/5
16-QAM, code rate 1/2
16-QAM, code rate 2/3
16-QAM, code rate 4/5

	Turbo encoding
	HSDPA turbo encoding

	Channel estimation
	Ideal channel estimation

	Turbo decoding
	MaxLogMAP algorithm, max. 8 iterations

	Antenna configuration
	2x2

	Channel model
	VehA, 30 km/h

	Transmission schemes
	SFBC (Alamouti)
CDD (cyclic delay of half the FFT size)
























































2
3GPP TSG RAN WG1 #48bis
R1-071425

St. Julians, Malta, March 26-30, 2007
Page 5 of 5

