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1 Introduction
In regard to open-loop transmit diversity for the LTE system [1], following agreement was reached in RAN1#49.
Way forward:


· SFBC + FSTD structure with (1,2) & (3,4) pairing (common for control and data)
FFS:

· SFBC + FSTD with (1,3) & (2,4) pairing (uniform RS mapping)

In this contribution we compare the performance of the following 2 SFBC-based transmit diversity schemes for 4-Tx antennas.

· SFBC+FSTD : (1,2) & (3,4) pairing
· SFBC+ uniform FSTD: (1,3) & (2,4) pairing
The motivation of employing SFBC+ uniform FSTD is because it provides more balanced channel estimation error for two pairs of transmit signals (S1,S2) and (S3,S4). Since the pilot allocation for RS3 and RS4, under current working assumption, are less dense compared to RS1 and RS2, it is important to distribute the two pairs of transmit signals (S1,S2) and (S3,S4) evenly when realistic channel estimation is considered.  
The 4-Tx transmit diversity schemes considered are summarized in Table 1 below.
Table 1 4-Tx Antennas Transmit diversity schemes
	Scheme
	Code  Structure
	Receiver

	SFBC+ FSTD
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2 Link Performance 
In this section, we evaluate the comparative link performance of SFBC+FSTD vs. SFBC+ uniform FSTD schemes with realistic channel estimation. Two types of channel estimation method based on LMMSE are considered under various mobile speeds. The detail description of these channel estimation methods is given in Appendix. We denote these two types of channel estimation as CE-A, and CE-B in the legend.
2.1 Simulation Assumptions

The simulations assumptions are summarized in Table 2. 

Table 2 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
	TU Urban

	Mobile Speed
	30 km/hr, 60km/hr, 120km/hr

	Turbo Code
	1/3, 2/3, 4/5

	Modulation
	QPSK, QAM16

	Transmit Diversity Scheme
	SFBC+FSTD, SFBC+ Uniform FSTD

	Number of RX antenna
	2

	Chanel Estimation
	LMMSE (See Appendix for detail)


2.2 Simulation Results-Low code rate (1/3)
Figure 1, Figure 2, and Figure 3 show the comparative link BLER performance between SFBC+FSTD and SFBC+ uniform FSTD with mobile speed of 30km/hr, 60km/hr and 120km/hr respectively. As shown, SFBC+FSTD and SFBC+ uniform FSTD yield the similar link performance in most of cases. This is because noise is dominating the performance the link performance for low SNR region when stronger code is used. However, for high-speed (120km/hr), we did see slight performance loss by about 0.1dB for channel estimation method B. 

[image: image3]
Figure 1 comparative link BLER performance with QPSK and rate 1/3, 30km/hr
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Figure 2 comparative link BLER performance with QPSK and rate 1/3, 60 km/hr

[image: image5]
Figure 3 comparative link BLER performance with QPSK and rate 1/3, 120 km/hr
2.3 Simulation Results-Moderate code rate (2/3)
In this section, we consider two modulations, namely, QPSK and QAM16. For QPSK modulation, Figure 4, Figure 5, and Figure 6 show the comparative link BLER performance between SFBC+FSTD and SFBC+ uniform FSTD with mobile speed of 30km/hr, 60km/hr and 120km/hr respectively. As shown, SFBC+ uniform FSTD provides marginal gain over SFBC+FSTD. This is because the channel estimation error due to unbalanced pairing is affecting the link performance for moderate SNR region when moderate code and QPSK is employed 
For QAM16 modulation, Figure 7, Figure 8, and Figure 9 show the comparative link BLER performance between SFBC+FSTD and SFBC+ uniform FSTD with mobile speed of 30km/hr, 60km/hr and 120km/hr respectively. As shown, SFBC+ uniform FSTD provides noticeable gain over SFBC+FSTD for the case of CE-B at all three mobile speeds. It is also observed that for high speed (120km/hr) SFBC+ uniform FSTD provides  gain over SFBC+FSTD for the case of CE-A. This is because the channel estimation effect due to unbalanced pairing is significantly affecting the link performance for high SNR region when moderate code and QAM 16 is employed 


[image: image6]
Figure 4 comparative link BLER performance with QPSK and rate 2/3, 30km/hr

[image: image7]
Figure 5 comparative link BLER performance with QPSK and rate 2/3, 60km/hr
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Figure 6 comparative link BLER performance with QPSK and rate 2/3, 120km/hr

[image: image9]
Figure 7 comparative link BLER performance with QAM16 and rate 2/3, 30km/hr


[image: image10]
Figure 8 comparative link BLER performance with QAM16 and rate 2/3, 60km/hr

[image: image11]
Figure 9 comparative link BLER performance with QAM16 and rate 2/3, 120km/hr

2.4 Simulation Results-High code rate (4/5)
In this section, we consider two modulations, namely, QPSK and QAM16. For QPSK modulation, Figure 10, Figure 11, and Figure 12 show the comparative link BLER performance between SFBC+FSTD and SFBC+ uniform FSTD with mobile speed of 30km/hr, 60km/hr and 120km/hr respectively. As shown, SFBC+ uniform FSTD provides noticeable gain over SFBC+FSTD for the case of CE-B. At high speed (120km/hr), SFBC+ uniform FSTD also provides noticeable gain over SFBC+FSTD for the case of CE-A This is because the channel estimation error due to unbalanced pairing is affecting the link performance for high SNR region when high code rate is employed 

For QAM16 modulation, Figure 13 and Figure 14 show the comparative link BLER performance between SFBC+FSTD and SFBC+ uniform FSTD with mobile speed of 30km/hr and 60km/hr, respectively. As shown, SFBC+ uniform FSTD provides noticeable gain over SFBC+FSTD for the case of CE-B. It is also observed that for moderate speed (60km/hr) SFBC+ uniform FSTD provides  gain over SFBC+FSTD for the case of CE-A. This is because the channel estimation effect due to unbalanced pairing is significantly affecting the link performance for high SNR region when high code rate and QAM 16 is employed 


[image: image12]
Figure 10 comparative link BLER performance with QPSK and rate 4/5, 30km/hr

[image: image13]
Figure 11 comparative link BLER performance with QPSK and rate 4/5, 60km/hr

[image: image14]
Figure 12 comparative link BLER performance with QPSK and rate 4/5, 120km/hr


[image: image15]
Figure 13 comparative link BLER performance with QAM16 and rate 4/5, 30km/hr


[image: image16]
Figure 14 comparative link BLER performance with QAM16 and rate 4/5, 60km/hr

2.5 Summary

Table 3 and Table 4 list the summary of performance gain of SFBC+ uniform FSTD over SFBC+FSTDB based on the simulation results for QPSK and QAM-16, respectively
Table 3 Performance of SFBC+FSTD vs. SFBC+ uniform FSTD –QPSK (1%~10% BLER)
	
	Low Code Rate
	Moderate Code Rate
	High Code Rate

	30 km/Hr
	CE-A/0dB
CE-B/<0.1dB
	CE-A/<0.1dB
CE-B/0.3dB
	CE-A/0dB
CE-B/ 0.5dB

	60 km/hr
	CE-A/0dB
CE-B/0.1dB
	CE-A/0.1dB
CE-B/0.3dB
	CE-A/0dB
CE-B/0.5dB

	120 km/hr
	CE-A/0dB
CE-B/0.1dB
	CE-A/0.1dB
CE-B/0.3dB
	CE-A/ 0.4dB


Table 4 Performance of SFBC+FSTD vs. SFBC+ uniform FSTD –QAM16 (1%~10% BLER)
	
	Low Code Rate
	Moderate Code Rate
	High Code Rate

	30 km/Hr
	N/A
	CE-A/0dB
CE-B/0.6dB
	CE-A/0.1dB
CE-B/ 0.8dB

	60 km/hr
	N/A
	CE-A/0dB
CE-B/0.6dB
	CE-A/0.2dB
CE-B/ 1.0dB

	120 km/hr
	N/A
	CE-A/1.0dB 
	N/A


3 Conclusion
In this contribution, we conduct the link simulation to compare the performance of the following 2 SFBC-based transmit diversity schemes for 4-Tx antennas.

· SFBC+FSTD: (1,2) & (3,4) pairing
· SFBC+ Uniform FSTD: (1,3) & (2,4) pairing
Conclusion: as shown in Table 3 and Table 4, SFBC+ Uniform FSTD provides marginal to noticeable gain over SFBC+FSTD at both moderate code rate and high code rate. Thus, we recommend adapting SFBC+ uniform FSTD as enhanced scheme for SFBC+FSTD to avoid the performance loss due to unbalanced RS pairing.
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Appendix-Channel Estimation Method

The following figure show the pilot pattern per sub-frame used in the simulation. R0, R1, R2, and R3 are the pilot signals for the transmit antenna TX1, TX2, TX3, and TX4. As shown, the pilot signals are generally transmitted at 1st, 2nd , or 5th OFDM symbol for 0.5 ms(slot). 
Channel Estimation A: CE-A
For R0 and R1, we first implement LMMSE channel estimation at frequency domain based on [2]. Note that B-matrix used in [2] is formed by every 6 sub-carrier. This is done separately for 1st and 5th OFDM symbol for a given 0.5 ms (slot). Thus, 4 LMMSE channel estimation processing is done at frequency domain per sub-frame.  The outcome of the 4 LMMSE channel estimation processing is further used to interpolate time domain samples. That is, 4 samples per sub-carrier is used to 14 OFDM symbols at each sub-frame. Similarly, this can be done for R2 and R3 except for 2 LMMSE channel estimation processing is implemented.
Channel Estimation B: CE-B
For a given slot (0.5 ms), we first stack up 1st and 5th OFDM symbol and then implement LMMSE channel estimation at frequency domain based on [2]. Note that B-matrix used in [2] is formed by every 3 sub-carrier after stacking up 1st and 5th OFDM symbols. Thus, 2 LMMSE channel estimation processing is done at frequency domain per sub-frame.  The outcome of the 2 LMMSE channel estimation processing is further used to interpolate time domain samples. That is, 2 samples per sub-carrier is used to 14 OFDM symbols at each sub-frame. Similarly, this can be done for R2 and R3 except for 1 LMMSE channel estimation processing is implemented.
[image: image17.wmf]0.5 ms

R1

R0

R1

R0

R3

R2

R3

R2

R0

R1

R0

R1

0.5 ms

R1

R0

R1

R0

R2

R3

R2

R3

R0

R1

R0

R1














� EMBED Visio.Drawing.6  ���























PAGE  
1

[image: image18.wmf]0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image19.wmf]0.5 ms

R1

R0

R1

R0

R3

R2

R3

R2

R0

R1

R0

R1

0.5 ms

R1

R0

R1

R0

R2

R3

R2

R3

R0

R1

R0

R1

[image: image20.wmf]0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image21.wmf]1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image22.wmf]4

4.5

5

5.5

6

6.5

7

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image23.wmf]5

5.5

6

6.5

7

7.5

8

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image24.wmf]5

5.5

6

6.5

7

7.5

8

8.5

9

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image25.wmf]10

10.5

11

11.5

12

12.5

13

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image26.wmf]11

11.5

12

12.5

13

13.5

14

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image27.wmf]14

15

16

17

18

19

20

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

[image: image28.wmf]6

6.5

7

7.5

8

8.5

9

9.5

10

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image29.wmf]7

7.5

8

8.5

9

9.5

10

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image30.wmf]8

8.2

8.4

8.6

8.8

9

9.2

9.4

9.6

9.8

10

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

[image: image31.wmf]13

13.5

14

14.5

15

15.5

16

16.5

17

17.5

18

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

[image: image32.wmf]15

15.5

16

16.5

17

17.5

18

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

SFBC+FSTD, CE-A

SFBC+uniform FSTD,CE-A

SFBC+FSTD, CE-B

SFBC+uniform FSTD, CE-B

_1239448562.unknown

_1242475387.vsd

_1238928801.unknown

