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1. Introduction

For Rel99 applications, it has been well understood that mode 2 TxAA provides additional ~0.5-dB gain compared to mode 1 TxAA for very low UE speeds, such as 3-kmph. For UE speeds higher than 30-kmph, mode 1 has been demonstrated to be superior to mode 2. However, no such study has been conducted in the context of HSDPA. 

In this contribution, we present some link level simulation results for mode 1 and 2 TxAA in the context of HSDPA. The following conclusions are obtained for 10% FER requirement in flat Rayleigh fading channels: 

1. For UE speeds below 30-kmph: mode 2 outperforms mode 1 by at most 0.25-dB for rate ½ QPSK and 0.66-dB for rate ¾ QPSK.

2. For UE speeds above 30-kmph: mode 1 outperforms mode 2 by up to 0.85-dB for rate ½ QPSK and 1.29-dB for rate ¾ QPSK.

2. Simulation assumptions and parameters

Basic link-level simulation parameters are given in the table below.

Table 1. Link-level simulation parameters

	MCS 
	QPSK rate ½ and ¾ 

	Coding scheme
	8-state turbo code with max-log decoder

	Channel
	Rayleigh fading

	Delay profiles
	Flat (1-path) 

	Frame size / duration
	1 TTI (3 slots) / 2-ms

	UE speed (kmph)
	3, 30, 60, 90, 120

	TxAA feedback bit error rate
	4%

	Closed loop modes 1 and 2
	As specified in [1]


	Channel estimation
	Perfect


In this contribution, the comparison between mode 1 and 2 TxAA is done under the following assumptions:

1. Perfect verification for both modes 1 and 2: This assumption holds good when the number of DPCH pilot symbols is sufficiently large. Note that verification algorithm for mode 1 is inherently more robust due to the fewer number of possible values of the weighting vector.

2. Two MCS levels, QPSK rate ½ and ¾: the relative performance of the two schemes for 16QAM rate ½ and ¾ should be similar.

Mode 1 and 2 TxAA are implemented as specified in [1]: 

1. Mode 1 implements phase rotation at the UE and filtering at the node B.

2. Mode 2 implements progressive refinement (PR).

3. Simulation Results

The detailed FER curves are given in Fig. 2 and 3 for QPSK rate ½ and ¾, respectively. Our link level simulation results are summarized in Fig. 1 and the following table:

Table 2. TxAA mode 1 vs. 2: FER=10%

	MCS
	TxAA mode
	Required Eb/N0 (dB) to achieve 10% FER

	
	
	3-kmph
	30-kmph
	60-kmph
	90-kmph
	120-kmph

	QPSK

Rate 1/2
	Mode 1
	4.37
	4.43
	4.34
	4.37
	4.22

	
	Mode 2
	4.12
	4.43
	4.91
	5.22
	4.81

	
	Gain of mode 1 over mode 2
	-0.25
	0.00
	0.57
	0.85
	0.59

	QPSK

Rate 3/4
	Mode 1
	5.78
	5.85
	6.14
	6.68
	6.68

	
	Mode 2
	5.12
	5.95
	7.04
	7.97
	7.74

	
	Gain of mode 1 over mode 2
	-0.66
	0.10
	0.90
	1.29
	1.06


The results above demonstrate that mode 2 provides some gain over mode 1 for UE speeds below 30-kmph. The gain of mode 2 over mode 1 is at most 0.25-dB for rate ½ QPSK and 0.66-dB for rate ¾ QPSK (at 3-kmph UE speed), and continues to decrease as the UE speed increases. For UE speeds above 30-kmph, mode 1 outperforms mode 2 by up to 0.85-dB for rate ½ QPSK and 1.29-dB for rate ¾ QPSK. Hence, mode 1 is applicable for wider range of UE speeds.

4. Summary and Conclusion

Link level simulation results for the current two TxAA modes are presented in the context of HSDPA. We consider QPSK modulation and two different coding rate: ½ and ¾. It is demonstrated that for 10% FER requirement in flat Rayleigh fading channels:

1. For UE speeds below 30-kmph: mode 2 outperforms mode 1 by at most 0.25-dB for rate ½ QPSK and 0.66-dB for rate ¾ QPSK.

2. For UE speeds above 30-kmph: mode 1 outperforms mode 2 by up to 0.85-dB for rate ½ QPSK and 1.29-dB for rate ¾ QPSK.
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Figure 1. Required Eb/N0 for 10% FER vs. UE speed.
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Figure 2. FER vs. Eb/N0 curves for QPSK rate ½ at different UE speeds.
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Figure 3. FER vs. Eb/N0 curves for QPSK rate ¾ at different UE speeds.
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