
TSG-RAN Working Group 1 meeting #27

TSGR1#27(02)0872

July 2-5, 2002, Oulu, Finland

Agenda Item:
AH32: HSDPA 

Source:
Texas Instruments

Title:

Link-level performance of TxAA mode 1 with antenna verification for HSDPA

Document for:
Discussion 
1. Introduction

Link-level as well as system-level performance of TxAA mode 1 for HSDPA has previously been evaluated assuming perfect antenna verification (see [1,2]). Under this assumption, it was demonstrated that TxAA mode 1 provides significant link-level and system-level performance gain over (1,1) systems without transmit diversity. A concern was raised in 3GPP that this gain may not be obtained when the UE does not employ antenna verification. In this case, frequent mismatch in weight vectors used in the Node B and UE (due to feedback error) may significantly impair performance. It has been demonstrated in [3,4,5] that TxAA mode 1 may fall short in performance when antenna verification is not used at the UE.

In this contribution we present link-level simulation results for TxAA mode 1 under different antenna verification assumptions: no verification, ideal verification, and actual verification (as defined in [6]). Frame error rate (FER) and link level throughput (defined in [5]) are used to evaluate the link-level performance. It is demonstrated that:

1. The link level performance of TxAA mode 1 with actual verification is close to that of the ideal verification.

2. TxAA mode 1 with actual verification exhibits significant throughput gain over single-antenna transmission as against the conclusion in [3,4,5]. 

Our results are summarized the table below:

Summary of the gains of TxAA over single antenna transmission with actual verification.

	TxAA mode 1 with actual verification
	4% feedback error
	10% feedback error

	Difference in required Eb/N0 for 10% FER (dB) compared to ideal verification 
	<= 1.0-dB
	<= 1.6-dB

	Difference in average throughput (%) compared to ideal verification 
	<=10%
	<=15%

	Gain in required Eb/N0 for 10% FER (dB) over 1-antenna system
	>=3.2 dB
	>=2.2 dB

	Gain in average throughput (%) over 1-antenna system
	>=20%
	>=10%


Therefore, it can be concluded that when antenna verification is employed at the UE, TxAA mode 1 can still provide the significant link-level performance gain over single antenna system. The same conclusion should also hold for system-level performance. 

2. Simulation assumptions and parameters

The basic link-level simulation parameters are given in the Tables 1 and 2 below. The parameters for DPCH follow the ones given in [5].

Table 1. Link-level simulation parameters.

	MCS 
	QPSK rate ½ and ¾ ; 16QAM rate ½, ¾ 

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

	Channel
	Rayleigh fading

	Delay profiles
	Flat (1-path) 

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

	Number of codes
	10

	DPCH spreading factor
	128

	DPCH power
	-21 dB

	Number of DPCH pilot symbols (QPSK)
	4 symbols per slot (as in slot format 11)

	Ec/Ior
	-1 dB (fixed)

	HSDPA frame size
	480 symbols (2-ms)

	Parameters for throughput simulation

	MCS levels for AMC: 5 levels
	QPSK rate ¼, ½ and ¾ ; 16QAM rate ½, ¾ 

	MCS selection delay
	1 TTI

	HARQ scheme
	Chase combining

	Maximum number of retransmissions
	5

	ACK/NAK delay
	6 TTI


Table 2. TxAA-related parameters.

	TxAA feedback bit error rate
	4%, 10%

	TxAA feedback delay
	1 slot

	Closed loop (TxAA) mode 1 
	As specified in TS 25.214: phase rotation at the UE and filtering at the node B.


	Verification assumptions
	No verification, actual verification, Ideal verification

	Verification algorithm
	As specified in TS 25.214


3. Simulation Results

We compare the performance of TxAA mode 1 with single-antenna systems. We use the following abbreviations:

1.  Single-antenna system / no transmit diversity: NoTXDiv.

2. TxAA mode 1 (2,1): no verification (NV), actual verification (V), ideal verification (IV).

3.1. Frame Error Rate (FER) vs. Eb/N0

The required Eb/N0 to attain 10% FER for different schemes are depicted in Figures 1 and 2 for QPSK and 16QAM, respectively. The numerical values for QPSK rate ½ and 16QAM rate ¾ are given in Tables 3 and 4.  The result for TxAA mode 1 with no verification (NV) is not given when the system exhibits an FER floor greater than 10%. FER vs. Eb/N0 results for 3 and 30-kmph are given in Figures 3 to 6. 

The results demonstrate that TxAA mode 1 with verification performs quite well. The loss compared to the performance with ideal verification is at most 1 dB for 4% FBER and 1.6 dB for 10% FBER. Notice that the performance loss due to non-ideal verification is smaller for higher-order MCS. This occurs due to the fixed DPCH relative power (-21-dB of Ior/Ioc) assumption, as specified in [5] since higher-order MCS requires higher Ior/Ioc to satisfy a certain FER requirement. Notice also that TxAA mode 1 with actual verification significantly outperforms single-antenna systems even for high UE speeds. The gain of TxAA mode 1 over single-antenna systems is more than 3.2 dB for 4% FBER and more than 2.2 dB for 10% FBER. 

Table 3. TxAA mode 1 vs. single antenna: Required Eb/N0 (dB) to achieve 10% FER, QPSK rate 1/2.

	Scheme
	Feedback BER = 4%
	Feedback BER = 10%

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

	No TXDiv
	11.0  
	10.4
	9.5
	8.9
	8.1
	11.0
	10.4
	9.5
	8.9
	8.1

	TxAA-M1: NoVer
	6.9  
	6.8
	6.6
	6.5
	6.5
	-
	-
	-
	-
	-

	TxAA-M1: Ver
	5.4    
	5.2
	5.1
	5.1
	4.9
	6.3
	6.2
	6.2
	6.2
	5.9

	TxAA-M1: IdVer
	4.4   
	4.4
	4.3
	4.4
	4.2
	4.8
	4.8
	4.7
	4.7
	4.5

	TxAA-M1: Loss of Ver vs. IdVer (dB) 
	1.0


	0.7
	0.7
	0.8
	0.7
	1.6


	1.5
	1.5
	1.5
	1.4

	Gain of TxAA-M1 Ver vs. 1-ant (dB)
	5.7
	5.3
	4.4
	3.7
	3.2
	4.7
	4.2
	3.3
	2.6
	2.2


Table 4. TxAA mode 1 vs. single antenna: Required Eb/N0 (dB) to achieve 10% FER, 16QAM rate 3/4.

	Scheme
	Feedback BER = 4%
	Feedback BER = 10%

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

	No TXDiv
	14.8
	14.9
	15.0
	14.5
	14.1
	14.8
	14.9
	15.0
	14.5
	14.1

	TxAA-M1: NoVer
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	TxAA-M1: Ver
	9.1
	9.2
	9.3
	9.7
	9.6
	9.6
	9.7
	9.9
	10.2
	10.1

	TxAA-M1: IdVer
	9.0
	9.0
	9.2
	9.7
	9.5
	9.5
	9.5
	9.7
	10.1
	9.9

	TxAA-M1: Loss of Ver vs. IdVer (dB) 
	0.1
	0.2
	0.1
	0.0
	0.1
	0.1
	0.2
	0.1
	0.1
	0.2

	Gain of TxAA-M1 Ver vs. 1-ant (dB)
	5.7
	5.7
	5.7
	4.8
	4.5
	5.2
	5.2
	5.1
	4.2
	4.0


3.2. Link-level throughput 
To assess the performance of TxAA mode 1 in conjunction with AMCS and HARQ, link level throughput simulations as defined in [5] are performed. The results are depicted in Figures 7 to 9 and summarized in Table 5 for Ior/Ioc = 4, 8, and 12 dB. Observe that the throughput loss for TxAA mode 1 with actual verification (compared to ideal verification) is more significant for lower geometry (less than 10% and 15% throughput loss for FBER = 4% and 10%, respectively). However, large throughput gain over single-antenna systems is observed (>20% gain for 4% FBER and >10% for 10% FBER). Notice that the throughput gain over single-antenna systems increases with the UE speed (within the range of interest) despite HARQ buffer corruption and degradation in MCS selection due to occasional weight verification error. This demonstrates that TxAA mode 1 is more robust to the delay in MCS selection compared to single-antenna systems.   

Table 5. TxAA mode 1 vs. single antenna: average throughput (Mbps).

	Feedback BER
	Scheme
	Ior/Ioc = 4 dB
	Ior/Ioc = 8 dB
	Ior/Ioc = 12 dB

	
	
	3 kmph
	30 kmph
	60 kmph
	3 kmph
	30 kmph
	60 kmph
	3 kmph
	30 kmph
	60 kmph

	4%
	No TXDiv
	2.42
	1.64
	1.20  
	3.99
	2.55
	1.72
	5.34
	3.62
	2.75

	
	TxAA-M1: NoVer
	2.75
	2.33
	1.97
	3.68
	3.21
	2.57
	4.22
	4.03
	3.65

	
	TxAA-M1: Ver
	3.20
	2.59
	2.18
	5.06
	4.19
	3.30
	6.50
	6.00
	5.39

	
	TxAA-M1: IdVer
	3.57 
	2.90
	2.40
	5.41
	4.49
	3.42
	6.57
	6.05
	5.52

	
	TxAA-M1: Loss of Ver vs. IdVer (%)
	10.3%
	10.6%
	9.3%
	6.6%
	6.7%
	3.8%
	1.1%
	0.8%
	2.3%

	
	Gain of TxAA-M1 Ver vs. 1-ant (%)
	32.3%
	57.9%
	82.1%
	26.8%
	64.6%
	91.3%
	21.7%
	66.0%
	96.1%

	10%
	No TXDiv
	2.42
	1.64
	1.20
	3.99
	2.54
	1.72
	5.34
	3.62
	2.75

	
	TxAA-M1: NoVer
	1.86 
	1.65
	1.43
	2.19
	2.02
	1.63
	2.57
	2.50
	2.21

	
	TxAA-M1: Ver
	2.74
	2.22
	1.90
	4.40
	3.73
	2.98
	6.11
	5.66
	4.95

	
	TxAA-M1: IdVer
	3.22 
	2.63
	2.21
	4.81
	3.96
	3.15
	6.16
	5.77
	5.06

	
	TxAA-M1: Loss of Ver vs. IdVer (%)
	14.9%
	15.5%
	13.9%
	8.5%
	5.8%
	5.4%
	0.7%
	1.9%
	2.1%

	
	Gain of TxAA-M1 Ver vs. 1-ant (%)
	13.3%
	35.6%
	58.7%
	10.3%
	46.4%
	73.1%
	14.5%
	56.5%
	80.1%


4. Summary and Conclusion

In this contribution, we present FER and link-level throughput results for TxAA mode 1 under different verification assumptions: no verification, actual verification (as defined in [6]), and ideal verification. It is demonstrated that:

1. The link level performance of TxAA mode 1 with actual verification is close to that of the ideal verification. 

2. TxAA mode 1 with actual verification exhibits significant performance gain over single-antenna system. 

3. Refer the table similar to the introduction.

	TxAA mode 1 with actual verification
	4% feedback error
	10% feedback error

	Difference in req Eb/N0 for 10% FER (dB) compared to ideal verification 
	<= 1.0 dB
	<= 1.6 dB

	Difference in average throughput (%) compared to ideal verification 
	<=10%
	<=15%

	Gain in req Eb/N0 for 10% FER (dB) over 1-antenna system
	>=3.2 dB
	>=2.2 dB

	Gain in average throughput (%) over 1-antenna system
	>=20%
	>=10%


Therefore, it can be concluded that when antenna verification is employed at the UE, TxAA mode 1 can still provide the significant link-level performance gain over a single antenna system. The same conclusion should also hold for system-level performance. 

Hence, TxAA mode 1 should be supported in HSDPA.
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Figure 1. Required Eb/N0 for 10% FER vs. UE speed: QPSK modulation. The curves for TxAAM1 with no verification are not shown when the corresponding FER floors are higher than 10%.
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Figure 2. Required Eb/N0 for 10% FER vs. UE speed: 16QAM modulation. The curves for TxAAM1 with no verification are not shown when the corresponding FER floors are higher than 10%.
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Figure 3. FER vs. Eb/N0 curves for QPSK and 3 kmph UE speed.
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Figure 4. FER vs. Eb/N0 curves for QPSK and 30 kmph UE speed.
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Figure 5. FER vs. Eb/N0 curves for 16QAM and 3 kmph UE speed.
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Figure 6. FER vs. Eb/N0 curves for 16QAM and 30 kmph UE speed.
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Figure 7. Average throughput vs. Ior/Ioc: 3 kmph.
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Figure 8. Average throughput vs. Ior/Ioc: 30 kmph.
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Figure 9. Average throughput vs. Ior/Ioc: 60 kmph.
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