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1. Introduction

System level simulation results for transmit diversity have been presented by in Motorola, Nokia, and Texas Instruments (see, e.g. [1-4]). Simulation results in [1-3] demonstrate that for a fixed number of users, STTD does not always provide average service throughput advantage compared to single transmit antenna systems. However, STTD provides significant gain in terms of average packet call throughput.

The comparisons in [1-3] do not assume the same quality of service for both schemes. Comparing the two systems based on the average service throughput with a fixed quality of service criterion allows us to see which system provides higher service throughput for the same service quality.

In this contribution, we compare the average service throughput of STTD and single transmit antenna systems for a fixed outage criterion. We use a packet call throughput outage criterion similar to the one in [2,3]. Using this measure, it is found that STTD provides significant amount of gain over the single transmit antenna system in terms of the service throughput. In particular, we have demonstrated the following:

1. STTD provides throughput gain over single antenna systems in most cases.

2. Some examples are:

· At 10% outage, STTD provides 19% throughput gain over single antenna systems with round robin scheduler for 120-kmph UE speed.

· At 10% outage, STTD provides 43% throughput gain over single antenna systems with max C/I scheduler for 120-kmph UE speed.

3. STTD can provide up to 84 % throughput gain over single antenna systems (at 20% outage with max C/I scheduler for 3-kmph UE speed). 

Since STTD evidently provides significant throughput gain over single antenna systems, we recommend that STTD be applied for HSDPA whenever applicable. The application of STTD in HSDPA should be considered jointly with other existing transmit diversity solutions such as closed-loop TxAA.   

2. Simulation assumptions and parameters

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

Table 1. Link-level simulation parameters

	MCS for HSDPA (5-level)
	QPSK rate ¼, ½, 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, 120

	Number of codes
	15

	Ec/Ior
	0.7


Basic system-level simulation parameters follow the ones given in TR 25.848 Section 10.3. Some specific simulation parameters are given in the table below.

Table 2. Specific system-level parameters

	Number of users per sector
	50, 75, 100

	Packet schedulers
	Round robin (RR) and max C/I

	HARQ scheme
	Chase combining

	User multiplexing
	TDM (one user per TTI)

	Max. number of retransmissions
	15

	C/I measurement delay
	As in [1-3]

	C/I measurement error
	0


The average service throughput and packet call throughput distribution are obtained for a given number of users per sector (50, 75, and 100 users). From the distribution of packet call throughput, an outage probability Pout for a given throughput R (bps) is defined as the probability that the average packet call throughput across all the users is less than R (bps). This definition is similar to the one used in [2,3].

3. Simulation Results

For each combination of scheduler and UE speed, we simulated three different scenarios: 50, 75, and 100 users per sector. From the results, we obtained the average service throughput vs. the number of users per sector as well as the packet call throughput distribution. Using this data, we can obtain the outage probability Pout for different packet call throughput (rate) R values. To compare STTD and single antenna system, we compare the resulting average service throughputs for a given R under the condition that
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where N denotes the number of users per sector. As an example, the average service throughput and outage probability profiles for 3-kmph UE speed with RR scheduler are given in Fig. 1. 

Comparison between STTD and single transmit antenna system in terms of the measure defined above are depicted in Figs. 2 – 7 for different combinations of schedulers and UE speeds. For each combination of scheduler and UE speed, we compute the average service throughput for outage probabilities of 5, 10, 15, 20% and different rates. Different sets of rates are used for different combinations of scheduler and  UE speed. The results are tabulated in tables 4 – 9 for direct comparison. For Pout = 10%, the throughput gain of STTD over single antenna systems is summarized in the table below:

Table 3. Gain of STTD over single antenna systems for Pout = 10%

	Scheduler
	Average Service Throughput Gain of STTD 

over single antenna systems (%)

	
	UE speed = 3-kmph
	UE speed = 30-kmph
	UE speed = 120-kmph

	Round Robin 
	Up to 17.4 %
	Up to 8.9 %
	Up to 18.9 %

	Max C/I 
	Up to 16.2 %
	Up to 37.1 %
	Up to 42.9 %


From tables 3-8, one can observe that STTD provides throughput gain over single antenna systems in almost all cases, except for 5% outage probability when max C/I scheduler is used at 3-kmph UE speed. Even then, the throughput loss is less than 17%. One may also notice that for 20% outage probability, STTD can provide up to 84% throughput gain (with max C/I scheduler at 3-kmph UE speed). 

4. Summary and Conclusion

In this contribution, we have demonstrated that STTD provides significant average service throughput gain over single antenna systems when a fixed outage criterion is used for comparison. This gain is seen even with max C/I scheduler. In particular, we have demonstrated the following:

1. STTD provides throughput gain over single antenna systems in most cases.

2. Some examples are:

· At 10% outage, STTD provides 19% throughput gain over single antenna systems with round robin scheduler for 120-kmph UE speed.

· At 10% outage, STTD provides 43% throughput gain over single antenna systems with max C/I scheduler for 120-kmph UE speed.

3. STTD can provide up to 84 % throughput gain over single antenna systems (at 20% outage with max C/I scheduler for 3-kmph UE speed). 

Since STTD evidently provides significant throughput gain over single antenna systems for constant outage criterion, with both round robin and max C/I schedulers, we recommend that STTD be applied for HSDPA whenever applicable. The application of STTD in HSDPA should be considered jointly with other existing transmit diversity solutions such as closed-loop TxAA.   

References

[1]  Texas Instruments. System-level performance of transmit diversity (STTD and TxAA) for HSDPA. TSG-R WG1 document, TSGR1#24(02)0290, February 18-22, 2002, Orlando, USA.

[2]
Motorola. System performance with IR using fixed TTI and CDM. TSG-R WG1 document, TSGR1#22(01)1084, November 5-7, 2001, Sophia-Antipolis, France.

[3]  Motorola. System performance with IR and STTD for multipath channels. TSG-R WG1 document, TSGR1#23(02)1084, January 8-11, 2002, Espoo, Finland.

[4]  Nokia. System performance of STTD for HSDPA. TSG-R WG1 document, TSGR1#23(02)xxxx, January 8-11, 2002, Espoo, Finland.

Table 4. Round robin scheduler, UE speed = 3-kmph

	R (M-bps)
	Average Service Throughput (M-bps) for a fixed outage probability Pout 

	
	Pout = 5%
	Pout = 10%
	Pout = 15%
	Pout = 20%

	
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)

	0.075
	1.74
	1.96
	12.6
	1.78
	2.05
	15.2
	1.83
	--
	--
	1.87
	--
	--

	0.10
	1.71
	1.91
	11.7
	1.73
	1.94
	12.1
	1.75
	1.97
	12.6
	1.77
	2.00
	13.0

	0.125
	1.55
	1.89
	21.9
	1.65
	1.90
	15.2
	1.72
	1.92
	11.6
	1.73
	1.93
	11.6

	0.15
	1.50
	1.69
	12.7
	1.55
	1.82
	17.4
	1.60
	1.89
	18.1
	1.65
	1.90
	15.2


Table 5. Round robin scheduler, UE speed = 30-kmph

	R (M-bps)
	Average Service Throughput (M-bps) for a fixed outage probability Pout 

	
	Pout = 5%
	Pout = 10%
	Pout = 15%
	Pout = 20%

	
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)

	0.075
	1.78
	1.89
	6.2
	1.80
	1.95
	8.3
	1.81
	2.00
	10.5
	1.82
	--
	--

	0.10
	1.77
	1.86
	5.1
	1.78
	1.87
	5.1
	1.79
	1.89
	5.6
	1.79
	1.90
	6.1

	0.125
	1.56
	1.71
	9.6
	1.64
	1.77
	7.9
	1.72
	1.83
	6.4
	1.77
	1.85
	4.5

	0.15
	1.53
	1.68
	9.8
	1.58
	1.72
	8.9
	1.62
	1.75
	8.0
	1.66
	1.79
	7.8


Table 6. Round robin scheduler, UE speed = 120-kmph

	R (M-bps)
	Average Service Throughput (M-bps) for a fixed outage probability Pout 

	
	Pout = 5%
	Pout = 10%
	Pout = 15%
	Pout = 20%

	
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)

	0.075
	1.73
	1.92
	11.0
	1.75
	1.96
	12.0
	1.77
	2.00
	13.0
	1.78
	2.04
	14.6

	0.10
	1.62
	1.87
	15.4
	1.71
	1.91
	11.7
	1.73
	1.93
	11.6
	1.74
	1.94
	11.5

	0.125
	1.57
	1.78
	13.4
	1.59
	1.89
	18.9
	1.62
	1.90
	17.3
	1.65
	1.91
	15.8

	0.15
	1.55
	1.65
	6.5
	1.57
	1.71
	8.9
	1.58
	1.76
	11.4
	1.60
	1.81
	13.1


Table 7. Max C/I scheduler, UE speed = 3-kmph

	R (M-bps)
	Average Service Throughput (M-bps) for a fixed outage probability Pout 

	
	Pout = 5%
	Pout = 10%
	Pout = 15%
	Pout = 20%

	
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)

	1.5
	3.03
	2.51
	-17.2
	--
	--
	--
	--
	--
	--
	--
	--
	--

	1.6
	2.87
	2.51
	-12.5
	--
	--
	--
	--
	--
	--
	--
	--
	--

	1.7
	2.69
	2.51
	-6.7
	3.12
	3.16
	1.3
	--
	--
	--
	--
	--
	--

	1.8
	2.66
	2.36
	-11.3
	2.93
	3.16
	7.8
	3.21
	--
	--
	--
	--
	--

	1.9
	--
	2.26
	--
	2.72
	3.16
	16.2
	2.99
	--
	--
	--
	--
	--

	2.0
	--
	1.89
	--
	--
	2.48
	--
	2.73
	--
	--
	2.95
	--
	--

	2.1
	--
	--
	--
	--
	2.36
	--
	1.87
	2.91
	55.6
	2.61
	--
	--

	2.2
	--
	--
	--
	--
	1.92
	--
	--
	2.29
	--
	1.72
	3.16
	83.7


Table 8. Max C/I scheduler, UE speed = 30-kmph

	R (M-bps)
	Average Service Throughput (M-bps) for a fixed outage probability Pout 

	
	Pout = 5%
	Pout = 10%
	Pout = 15%
	Pout = 20%

	
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)

	1.3
	2.75
	3.15
	14.6
	--
	--
	--
	--
	--
	--
	--
	--
	--

	1.4
	2.29
	3.08
	34.5
	2.75
	--
	--
	--
	--
	--
	--
	--
	--

	1.5
	2.23
	2.95
	32.3
	2.65
	--
	--
	--
	--
	--
	--
	--
	--

	1.6
	2.06
	2.88
	39.8
	2.45
	3.36
	37.1
	--
	--
	--
	--
	--
	--

	1.7
	2.03
	--
	--
	2.39
	3.03
	26.8
	2.74
	3.39
	23.7
	--
	--
	--

	1.8
	1.88
	--
	--
	2.16
	2.46
	13.9
	2.45
	3.04
	24.1
	2.74
	3.46
	26.3

	1.9
	--
	--
	--
	--
	--
	--
	2.32
	2.89
	24.6
	2.59
	3.21
	23.9

	2.0
	--
	--
	--
	--
	--
	--
	1.89
	2.54
	34.4
	2.21
	3.01
	36.2


Table 9. Max C/I scheduler, UE speed = 120-kmph

	R (M-bps)
	Average Service Throughput (M-bps) for a fixed outage probability Pout 

	
	Pout = 5%
	Pout = 10%
	Pout = 15%
	Pout = 20%

	
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)
	No TxD
	STTD
	Gain of STTD (%)

	1.2
	2.55
	3.39
	32.9
	--
	--
	--
	--
	--
	--
	--
	--
	--

	1.3
	2.28
	3.13
	37.3
	2.73
	--
	--
	--
	--
	--
	--
	--
	--

	1.4
	2.09
	2.99
	43.1
	2.51
	3.43
	36.7
	--
	--
	--
	--
	--
	--

	1.5
	2.02
	2.87
	42.1
	2.33
	3.33
	42.9
	2.64
	--
	--
	--
	--
	--

	1.6
	1.89
	--
	--
	2.19
	2.89
	32.0
	2.49
	--
	--
	2.79
	--
	--

	1.7
	--
	--
	--
	1.83
	2.54
	38.8
	2.17
	3.38
	55.8
	2.52
	--
	--

	1.8
	--
	--
	--
	--
	2.19
	--
	--
	2.97
	--
	2.07
	3.51
	69.6
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Figure 1. Average service throughput and outage probabilities vs. number of users for 3-kmph UE speed and round robin (RR) scheduler
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Figure 2. Average service throughput vs. packet call throughput cut-off for different outage probabilities: 3-kmph UE speed and RR scheduler
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Figure 3. Average service throughput vs. packet call throughput cut-off for different outage probabilities: 30-kmph UE speed and RR scheduler
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Figure 4. Average service throughput vs. packet call throughput cut-off for different outage probabilities: 120-kmph UE speed and RR scheduler
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Figure 5. Average service throughput vs. packet call throughput cut-off for different outage probabilities: 3-kmph UE speed and Max C/I scheduler
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Figure 6. Average service throughput vs. packet call throughput cut-off for different outage probabilities: 30-kmph UE speed and Max C/I scheduler
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Figure 7. Average service throughput vs. packet call throughput cut-off for different outage probabilities: 120-kmph UE speed and Max C/I scheduler
















































1
3

_1079728226.unknown

