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1 Introduction
In this contribution, we provide the link performance of various transmit diversity schemes for the shared data channel with both 2Tx antenna and 4Tx antenna in both noise-limited and interference limited environment. The comparative link result is based on the agreed assumption discussed in the email reflector.
2 Transmit diversity schemes
For the case of 2Tx antenna, four transmit diversity schemes are evaluated against the baseline (single Tx antenna): SFBC, CDD, FSTD, and Precoded CDD. For the case of 4Tx antenna, three transmit diversity schemes are examined against the baseline: CDD, FSTD, and Precoded CDD. The detail on these comparative diversity schemes are described on [1][2].
3 Link Performance 
3.1 Simulation Assumptions

The simulations assumptions are summarized in Table 1. 

Table 1 Link simulation parameters

	Parameter
	Details

	Transmission  Bandwidth
	10 Mhz

	NFFT
	1024

	Sub-carrier spacing
	15 kHz

	Subframe duration
	1ms

	Number of OFDM symbols per sub-frame
	10 (data)

	Number of sub-channel (RB)
	6

	RB size (sub-channel)
	12 tones

	Channel Model
	Correlated :SCM-Urban Macro, 
Uncorrelated: TU Flat Fading 

	Mobile Speed
	120 Km/Hr

	Turbo Code
	1/3,  2/3

	Modulation
	QPSK, QAM16

	HARQ
	yes

	CDD Delay
	256

	Transmit Diversity Scheme
	CDD, SFBC, FSTD, Precoded CDD

	Baseline
	1x2

	Number of RX antenna
	2

	Noise Limited Case
	MRC Receiver

	Interference Limited Case
	2x2 LMMSE Receiver (One dominant interfere, SIR=0 dB)

	Chanel Estimation
	Ideal


3.2 Link Simulation Results on QPSK, Code Rate 1/3
The link performance for the case of 2-Tx antennas under SCM channel is given in Figure 1 and Figure 2 for the case of 1st transmission and 2nd transmission, respectively. The performance for 4-Tx antennas under SCM channels is given in Figure 3 and Figure 4 for the case of 1st transmission and 2nd transmission, respectively. The link results for SCM channels are summarized in Table 2 below. For the case of 2Tx antennas, the results show that the link performance with HARQ for SFBC provides 0.1~0.2 dB gain over other transmit diversity schemes. For the case of 4-Tx, we observed that precoded CDD yield similar performance with FSTD.  For TU flat fading channel with 2Tx antenna, Figure 5 and Figure 6 show the link performance for the case of 1st transmission and 2nd transmission, respectively. The results show that with HARQ SFBC only provide 0.1 dB gain. For the case of 4Tx antenna, Figure 7 and Figure 8 show the link performance for the case of 1st transmission and 2nd transmission, respectively. The results show that CDD yield similar performance with FSTD.  Table 3 list the summary of simulation results for TU flat fading channel. 
Table 2 Transmit diversity schemes link performance comparison (with HARQ)-SCM
	Transmit diversity scheme
	Gain (dB) over Baseline at 1% BLER (2-Tx)

	Gain (dB) over Baseline at 1% BLER (4-Tx)



	Baseline (1x2)
	0
	0

	CDD
	1
	1.6

	FSTD
	1
	1.8

	Precoded CDD
	1
	1.8

	SFBC
	1.1
	N/A


Table 3 Transmit diversity schemes link performance comparison (with HARQ)-TU

	Transmit diversity scheme
	Gain (dB) over Baseline at 1% BLER (2-Tx)

	Gain (dB) over Baseline at 1% BLER (4-Tx)



	Baseline (1x2)
	0
	0

	CDD
	2.3
	3.9

	FSTD
	2.3
	3.9

	Precoded CDD
	N/A
	N/A

	SFBC
	2.4
	N/A
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Figure 1 Link performance of CDD, FSTD, Precoded CDD, and SFBC for 2-Tx antennas case with QPSK, rate=1/3 (1st transmission), SCM
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Figure 2 Link performance of CDD, FSTD, Precoded CDD, and SFBC for 2-Tx antennas case with QPSK, rate=1/3 (2nd transmission), SCM
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Figure 3 Link performance of CDD, FSTD, and Precoded CDD for 4-Tx antennas case with QPSK, rate=1/3 (1st transmission), SCM


[image: image4]
Figure 4 Link performance of CDD, FSTD, and Precoded CDD for 4-Tx antennas case with QPSK, rate=1/3 (2nd transmission), SCM
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Figure 5 Link performance of CDD, FSTD, Precoded CDD, and SFBC for 2-Tx antennas case with QPSK, rate=1/3 (1st transmission), TU Flat Fading
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Figure 6 Link performance of CDD, FSTD, Precoded CDD, and SFBC for 2-Tx antennas case with QPSK, rate=1/3 (2nd transmission), TU Flat Fading


[image: image7]
Figure 7 Link performance of CDD, FSTD, and Precoded CDD for 4-Tx antennas case with QPSK, rate=1/3 (1st transmission), TU Flat Fading
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Figure 8 Link performance of CDD, FSTD, and Precoded CDD for 4-Tx antennas case with QPSK, rate=1/3 (2nd transmission), TU Flat Fading

3.3 Link Simulation Results on QAM16 with 2Tx antenna

[image: image9]
Figure 9 Link performance of CDD, FSTD, Precoded CDD, and SFBC for 2-Tx antennas case with QAM16, rate=1/3 (1st transmission), SCM
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Figure 10 Link performance of CDD, FSTD, Precoded CDD, and SFBC for 2-Tx antennas case with QAM16, rate=1/3 (2nd transmission), SCM

3.4 Link Simulation Results on QPSK with Higher Code Rate 

[image: image11]
Figure 11 Link performance of CDD, FSTD, Precoded CDD, and SFBC for 2-Tx antennas case with QPSK, rate=2/3 (1st transmission), SCM


[image: image12]
Figure 12 Link performance of CDD, FSTD, Precoded CDD, and SFBC for 2-Tx antennas case with QPSK, rate=2/3 (2nd transmission), SCM
3.5 Link Simulation Results in Presence of Interference
Figure 13 shows the simulated scenario where one dominat interfer is considered. Figute 14 show the link model used in the simulation. It is note that we assume the interference use the same transmit diversity scheme and MCS level as the desired user.


[image: image13]
Figure 13 Simulated scenario in the presence of interference


[image: image14]
Figure 14 Link simulatiom model for single dominant interference case

Figure 15 and Figure 16 show the BLER performance with QPSK and code rate 1/3 for baseline, CDD, and SFBC for the first transmission and the second transmission, respectively. As expected, baseline and CDD (experience rank-1 interference) significantly outperform SFBC (rank-2 interference). 
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Figure 15 Link performance of CDD, and SFBC for 2-Tx antennas case with QPSK, rate=1/3 (1st transmission),  in the presence of one dominant interfer with SIR =0 dB ,TU channel

[image: image16]
Figure 16 Link performance of CDD, and SFBC for 2-Tx antennas case with QPSK, rate=1/3 (2nd transmission), ),  in the presence of one dominant interfer with SIR =0 dB ,TU Channel
For weaker code (higer code rate), Figure 17 and Figure 18 show the BLER performance with QPSK and code rate 2/3 for baseline, CDD, and SFBC for the first transmission and the second transmission, respectively.  As shown, both baseline and CDD significantly outperform SFBC since interference is dominant performance factor as the required SNR increase.

[image: image17]
Figure 17 Link performance of CDD, and SFBC for 2-Tx antennas case with QPSK, rate=2/3 (1st transmission), ),  in the presence of one dominant interfer with SIR =0 dB ,TU Channel


[image: image18]
Figure 18 Link performance of CDD, and SFBC for 2-Tx antennas case with QPSK, rate=2/3 (2nd transmission), ),  in the presence of one dominant interfer with SIR =0 dB ,TU Channel

For higher oder modulation, Figure 19 and Figure 20 show the BLER performance with QAM16 and code rate 1/3 for baseline, CDD, and SFBC for the first transmission and the second transmission, respectively. Again, for interference dominant region ( high SNR region), the baseline and CDD (rank-1 interference) significantly outperform SFBC (rank-2 interference).

[image: image19]
Figure 19 Link performance of CDD, and SFBC for 2-Tx antennas case with QAM16, rate=1/3 (1st transmission), ),  in the presence of one dominant interfer with SIR =0 dB ,TU Channel


[image: image20]
Figure 20 Link performance of CDD, and SFBC for 2-Tx antennas case with QAM16, rate=1/3 (2nd transmission), ),  in the presence of one dominant interfer with SIR =0 dB ,TU Channel

For practical implementation, Figure 21 considers the real covariance matrix estimation for MMSE combiner, the matrix is formed per sub-carrier and is based on 10 smaples per sub-fram (10 OFDM symbols).


[image: image21]
Figure 21 Link performance of CDD, and SFBC for 2-Tx antennas case with QPSK, rate=2/3 (2nd transmission), ),  in the presence of one dominant interfer with SIR =0 dB ,TU Channel, pratical covariance matrix estimation

4 Conclusion
We provided a link performance comparison of transmit diversity schemes for the downlink shared data channel. 

In noise-limited case, 

· SFBC provide 0.1 dB gain with HARQ over FSTD and CDD for the case of 2-Tx antennas for low code rate. 
· CDD and FSTD yield similar performance for the case of 4Tx antenna
· SFBC provide 0.3~0.4 dB gain with Chase combining based HARQ over CDD and FSTD for the case of 2Tx for high code rate. This gain is expected to reduce with incremental redundancy  (IR) HARQ
In interference-limited case

· CDD provides more than 4 dB gain over SFBC for QPSK and low code rate
· For higher code rate or high order modulation (QAM 16), SFBC is even much worse than CDD. It hardly achieves 10 % BLER performance with HARQ.

· For practical covariance matrix estimation, the gain of CDD over SFBC is consistent.   
In addition to the above performance comparison, both CDD and FSTD schemes, however, scale with the number of transmit antennas. The SFBC scheme does not scale with the number of transmit antennas until unless it is combined with other schemes such as CDD/FSTD or resorting to quasi-orthogonal block codes or block codes of rate less than 1.  In the light of the results presented in this contribution, we recommend to use CDD for the shared data channel in Evolved UTRA.
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