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1. Introduction

The STTD-OTD diversity scheme for four transmit antennas was introduced in [1]. Because of its sensitivity to the channel interleaver, its performance was shown to be much inferior to the STTD-PSTD scheme in [2]. In this document we show that the STTD-OTD performance can be greatly improved by introducing a very simple scrambling after the channel interleaving. Simulation results for convolutional codes show that the performance of scrambled STTD-OTD is about the same as STTD-PSTD, except at very low Doppler where STTD-PSTD still has some performance gains. On the other hand, the performance of STTD-OTD and STTD-PSTD is the about the same for Turbo codes in Rayleigh fading channels, for all Doppler rates. But STTD-PSTD performance is sensitive to Rician fading parameters. We find that STTD-PSTD suffers a 4 to 5 dB performance loss compared to STTD-OTD in Rician channels for Turbo codes. Hence, overall scrambled STTD-OTD is a better solution for four-antenna transmit diversity as compared to STTD-PSTD.

2. Scrambled STTD-OTD

The sensitivity of STTD-OTD to the channel interleaver is because the effective deinterleaved bits at the receiver see a single transmit antenna pair for long sequences. Hence the key to improving the STTD-OTD performance is to prevent this long sequence from using a single diversity antenna pair. This can either be done by changing the channel interleaver structure or by introducing a symbol level scrambling. This does not significantly increase the complexity of the receiver. In order to not change the release’99 channel interleaver, we consider the symbol level scrambling approach to improve the STTD-OTD performance. The STTD-OTD technique for a symbol sequence S1, S2, S3 and S4 is given below [1]:

Antenna 1:   S1  |  S1   | S2  |  S2   |  

Antenna 2:  -S2* | -S2* | S1* |  S1*  |  
Antenna 3:   S3  | -S3  | S4   | -S4   |   

Antenna 4:  -S4* | S4*  | S3*  | -S3* |  

We now propose to introduce a symbol level scrambling to randomize the fading antenna pattern for STTD-OTD. The four possible ways that were employed to scramble the symbol sequence S1, S2, S3, S4 are given below:

(b0,b1)

(0,  0): 
S1, S2, S3, S4
(0,  1):
S2, S1, S4, S3
(1,  0):
S3, S4, S1, S2
(1,  1): 
S4, S3, S2, S1
The value of the bits b0, b1 determines the scrambling of the symbols S1, S2, S3, S4. The bits b0, b1 can be derived from the long code for the base station. This symbol level scrambling is employed before the STTD-OTD encoding is done. A block diagram of the transmitter chain is shown in Figure 1.










Figure 1: Proposed symbol level scrambling for STTD-OTD at the transmitter.

3.
Simulation results

The performance of the above symbol level scrambling is now compared to STTD-PSTD for both convolutional code and Turbo code parameters. 

Table 1: Simulation parameters for convolutional code comparisons of STTD-OTD and STTD-PSTD.

	Chip rate
	3.84 Mchip/s

	Channel symbol rate
	30 ksps 

	Info bit rate
	12.2, 43.8 kbit/s

	Power control
	Slot-by-slot (0.667 ms) with one slot delay

	Pc feedback error ratio
	4 %

	PC step size
	1 dB

	Channel estimation
	Ideal 

	Channel modeling
	1 tap Rayleigh

	FEC
	1/3–rate CC for 12,2kbps and ½-rate CC for 43.8 kbps

	G (Ior/Ioc)
	6 dB

	Spreading factor in DPDCH
	128 for 12,2 kbps

64 for 43.8 kbps

	Spreading factor in DPCCH
	128 for 12,2 kbps

64 for 43.8 kbps

	Spreading factor in CPiCH
	256

	Total CPiCH power
	-10 dB

	Slot format 
	13 for sf=32, 12 for sf=64,  (25.211, version 3.5.0)

	STTD-PSTD parameters
	Same as in [2], with 2-symbol phase hopping over 8 phase values.

	Scrambled STTD-OTD parameters
	STTD-OTD as in [1], with 4 symbol scrambling shown in Figure 1.

	Interleaver length /depth
	20 ms




Figure 2 compares the performance of STTD-OTD with and without scrambling, with power control. 
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Figure 2: The performance of STTD-OTD with and without symbol scrambling for rate 1/3 coding, with power control and 3GPP channel interleaving. We can see that symbol scrambling greatly improves the performance of STTD-OTD. 

Figures 3 and 4 plot the required Ec/Ior for STTD-OTD and STTD-PSTD to achieve a frame error rate (FER) of 1 %.

[image: image2.png]Required Ec/lor (dB) for 1 % FER

scrambled STTD-OTD and STTD-PSTD comparison for 12.2 kbps

T T T
—&- scrambled STTD-OTD
—6— STTD-PSTD

20

40

60

80

Il
100
Doppler (Hz)

120

i i i
140 160 180

200




Figure 3: Required Ec/Ior for scrambled STTD-OTD versus STTD-PSTD for rate 1/3 convolutional coding.
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Figure 4: Required Ec/Ior for scrambled STTD-OTD versus STTD-PSTD for rate ½ convolutional coding.

It can be seen from Figures 3 and 4 that the performance of scrambled STTD-OTD is similar to the performance of STTD-PSTD except at low Doppler rates and high coding rate of ½ where STTD-PSTD still outperforms STTD-OTD. 

The simulation parameters for Turbo code comparisons of STTD-OTD and STTD-PSTD are shown in Table 2.

Table 2: Simulation parameters for Turbo code comparisons of STTD-OTD and STTD-PSTD.

	Chip rate
	3.84 Mchip/s

	Spreading channel of data channel
	16

	Channel symbol rate
	240 ksps 

	Number of codes used
	10

	Info bit rate
	3.6 Mbps for rate ¾ coding and 2.4 Mbps for rate ½ coding

	Power control
	None

	Channel estimation
	Ideal 

	Channel modeling
	1 tap Rayleigh, Rician with K = 10 dB

	FEC
	Rate ¾ and ½ Turbo coding

	G
	6

	Spreading factor in CpiCH
	256

	Total CPiCH power
	-10 dB

	STTD-PSTD parameters
	Same as in [2], with a 2 symbol phase hopping over 8 phase values.

	Scrambled STTD-OTD parameters
	STTD-OTD as in [1], with 4 symbol scrambling shown in figure (1) above.

	Interleaver length /depth
	3 slots


Figures 5 and 6 plot the required Ec/Ior for STTD-OTD and STTD-PSTD to achieve a frame error rate (FER) of 10 % in a flat Rayleigh fading channel.
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Figure 5: Required Ec/Ior for scrambled STTD-OTD versus STTD-PSTD for rate ¾ Turbo coding in a flat Rayleigh fading channel.
[image: image5.png]95

oo
o

©

~

o
o

Required Eb/NO (dB) for 10 % FER
~
w

55

scrambled STTD-OTD and STTD-PSTD comparison for rate 1/2 Turbo code

L

T T T
—&- scrambled STTD-OTD
—6— STTD-PSTD

10

20

20

40

50
Doppler (Hz)

60

70

80

90

100




Figure 6: Required Ec/Ior for scrambled STTD-OTD versus STTD-PSTD for rate ½ Turbo coding in a flat Rayleigh fading channel.
From Figures 5 and 6 it can be seen that the performance of scrambled STTD-OTD and STTD-PSTD with Turbo coding is similar in flat Rayleigh fading channels.

Figure 7 plots the required Ec/Ior for STTD-OTD and STTD-PSTD to achieve a frame error rate (FER) of 10 % in a Rician channel.
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Figure 7: Required Ec/Ior for scrambled STTD-OTD versus STTD-PSTD for rate ¾ and rate ½ Turbo coding in a Rician fading channel.
From Figure 7 we can see that STTD-PSTD shows significant degradation in performance of about 4 dB and 5 dB respectively for rate ½ and rate ¾ coding with respect to scrambled STTD-OTD for Turbo codes. 

4.
Conclusions

We can conclude that the sensitivity of STTD-OTD to the channel interleaver can be fixed by having a 2-bit symbol level scrambling just before the STTD-OTD encoding. The 2-bit symbol level scrambling can be tied to the long code. The resulting performance of scrambled STTD-OTD is about the same as STTD-PSTD for convolutional codes, except for low Doppler rates and high coding rate of ½. With Turbo codes, the scrambled STTD-OTD and STTD-PSTD again have about the same performance in Rayleigh fading channels. However, in Rician fading channels, STTD-PSTD with Turbo codes suffers a significant performance loss of 4 dB to 5 dB compared to scrambled STTD-OTD. Hence overall, scrambled STTD-OTD is a better solution compared to STTD-PSTD for 4-transmit antenna diversity.
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