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1. Introduction

It is demonstrated in [1], [2], and [3] by Motorola and Nokia that STTD provides throughput advantage over a single transmit antenna scenario in terms of the average packet call throughput. However, the system-level performance of TxAA has not been assessed for HSDPA. 

In this contribution, we present system-level simulation results that demonstrates the throughput advantage of transmit diversity, including STTD and mode 1 TxAA over a single antenna transmission. Flat and multipath fading channels are considered. Our simulation results demonstrate the following:

1. Mode 1 TxAA performs the best, by outperforming single antenna transmission and STTD, for low to moderate UE speeds (approximately below 50-kmph). For higher UE speeds, STTD performs the best, by outperforming TxAA and single antenna transmission in most scenarios.

2. Compared to single antenna transmission, transmit diversity (the best of mode 1 TxAA and STTD) offers throughput gains in single-path and multipath channels for most scenarios. Reduction in the average residual frame error rate is also observed. The throughput gains of transmit diversity are summarized in the table below:  

Table 1. Throughput gains of transmit diversity (the best of mode 1 TxAA and STTD)

	Scheduler
	Gain in average service TP

(3-120 Kmph, flat fading/multi-path channel)
	Gain in average packet call TP

(3-120 Kmph, flat fading/multi-path channel)

	Round robin
	1% to 21%
	12% to 165%

	Max C/I
	-2% to 7%
	1% to 27%


3. The gain of transmit diversity is more pronounced when round robin (RR) packet scheduler is used.

The above results demonstrate that Release 99 transmit diversity (STTD and TxAA) offers significant gain in system-level performance for HSDPA. Therefore, we recommend that transmit diversity be supported for HSDPA as in Release 99 without any conceptual changes.

2. Simulation assumptions and parameters

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

Table 2. 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) and multipath (mixture of Ped A, Ped B, Veh A with equal probability)

	Receiver for multipath channels
	Rake

	UE speed (kmph)
	3, 30, 80, 120

	TxAA mode
	1 (as per Release 99)

	Feedback bit error rate (FBER) for TxAA
	4 %

	Number of codes
	15

	Ec/Ior
	0.7


For TxAA simulations, for simplicity, only mode 1 was simulated. In order to model the inter-cell interference, random TxAA weights for each TTI were employed for interfering cells. The C/I calculation at the UE for reporting to the base station was done based upon the optimum TxAA weights in the TTI. Thus, the C/I calculation at the UE is similar to 1-antenna and STTD case. The base station employs the reported C/I from the mobile for the MCS selection. The TxAA weight updating is however done every slot, in accordance with the Release 99 TxAA. After the MCS selection, the base station employs these TxAA weights for the HS-DSCH. Thus, the application of mode 1 TxAA for HSDPA is similar to that for Release 99.

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 3. Specific system-level parameters

	Number of users per sector
	50

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

	HARQ scheme
	Chase combining

	Max. number of retransmissions
	15

	C/I measurement delay
	As in [1,2]

	C/I measurement error
	0


To compare the system performance, the average service throughput and average packet call throughput as defined in TR 25.848 are used. In addition, the average residual frame error rate is also shown. Three schemes are simulated and compared:

1. (1,1) no transmit diversity (No TxD)

2. (2,1) STTD

3. (2,1) TxAA mode 1

3. Simulation Results

The simulation results are given in the tables below and depicted in Figures 1,2, and 3. It can be seen that for low to moderate UE speeds, Mode 1 TxAA offers significant gain in throughput and residual frame error rate from single transmit antenna case. For high UE speeds, STTD offers significant gain in the average packet call throughput especially when round robin (RR) scheduler is used. The detailed results are given in the tables below and summarized in Table 1 in the Introduction. Reduction in the residual frame error rate in most cases is also evident from the results in Table 6. 

Table 4. Average Service Throughput (kbps)

	Channel
	Scheduler
	Scheme
	UE Speed (kmph)

	
	
	
	3
	30
	80
	120

	Flat
	RR
	No TxD
	1561.7
	1553.4
	1529.8    
	1540.8

	
	
	STTD
	1631.0    
	1663.0    
	1685.1    
	1670.5

	
	
	TxAA
	1820.4   
	1805.5    
	1555.9    
	1559.3

	
	
	Gain of TxD (best of TxAA and STTD) (%)
	17
	16
	10
	9

	Flat
	Max C/I
	No TxD
	1789.7    
	1906.2    
	1917.4    
	1902.0

	
	
	STTD
	1825.8    
	1905.2    
	1890.5    
	1865.2

	
	
	TxAA
	1896.2    
	1924.5    
	1826.2    
	1824.6

	
	
	Gain of TxD (best of TxAA and STTD) (%)
	6
	1
	-1
	-2

	Multipath
	RR
	No TxD
	1185.0    
	1201.8    
	1219.7    
	1203.7

	
	
	STTD
	1237.2    
	1230.7    
	1231.9    
	1233.2

	
	
	TxAA
	1429.7    
	1361.1    
	1151.6    
	1155.5

	
	
	Gain of TxD (best of TxAA and STTD) (%)
	21
	13
	1
	3

	Multipath
	Max C/I
	No TxD
	1687.3    
	1810.9    
	1815.0    
	1814.0

	
	
	STTD
	1691.2    
	1784.7    
	1793.2    
	1772.5

	
	
	TxAA
	1801.6    
	1832.6    
	1703.7    
	1691.6

	
	
	Gain of TxD (best of TxAA and STTD) (%)
	7
	1
	-1
	-2


Table 5. Average Packet Call Throughput (kbps)

	Channel
	Scheduler
	Scheme
	UE Speed (kmph)

	
	
	
	3
	30
	80
	120

	Flat
	RR
	No TxD
	599.8    
	615.5    
	531.6    
	527.2

	
	
	STTD
	704.8    
	875.6    
	906.0    
	830.6

	
	
	TxAA
	1588.5    
	1345.0    
	543.0    
	534.0

	
	
	Gain of TxD (best of TxAA and STTD) (%)
	165
	119
	70
	58

	Flat
	Max C/I
	No TxD
	2788.2    
	2749.5    
	2569.1    
	2646.0

	
	
	STTD
	3331.0    
	3020.6    
	2741.8    
	2666.5

	
	
	TxAA
	3384.4    
	3192.5    
	2238.3    
	2209.5

	
	
	Gain of TxD (best of TxAA and STTD) (%)
	21
	16
	7
	1

	Multipath
	RR
	No TxD
	173.2    
	177.2    
	183.1    
	181.4

	
	
	STTD
	209.9    
	210.2    
	210.5    
	202.4

	
	
	TxAA
	392.3    
	293.0    
	145.8    
	153.1

	
	
	Gain of TxD (best of TxAA and STTD) (%)
	127
	65
	15
	12

	Multipath
	Max C/I
	No TxD
	1857.6    
	1640.0    
	1620.9    
	1526.4

	
	
	STTD
	2002.0    
	1817.3    
	1764.5    
	1723.1

	
	
	TxAA
	2351.8    
	2002.6    
	1371.5    
	1332.3

	
	
	Gain of TxD (best of TxAA and STTD) (%)
	27
	22
	9
	13


Table 6. Average residual frame error rate

	Channel
	Scheduler
	Scheme
	UE Speed (kmph)

	
	
	
	3
	30
	80
	120

	Flat
	RR
	No TxD
	0.0443    
	0.0101    
	0.0104    
	0.0089

	
	
	STTD
	0.0193    
	0.0025    
	0.0027    
	0.0033

	
	
	TxAA
	0.0035    
	0.0006    
	0.0161    
	0.0181

	Flat
	Max C/I
	No TxD
	0.0149    
	0.0050    
	0.0024    
	0.0023

	
	
	STTD
	0.0099    
	0.0057    
	0.0029    
	0.0038

	
	
	TxAA
	0.0052    
	0.0036    
	0.0099    
	0.0117

	Multipath
	RR
	No TxD
	0.0596    
	0.0326    
	0.0303    
	0.0335

	
	
	STTD
	0.0374    
	0.0290    
	0.0288    
	0.0263

	
	
	TxAA
	0.0108    
	0.0100    
	0.0407    
	0.0393

	Multipath
	Max C/I
	No TxD
	0.0117    
	0.0083    
	0.0040    
	0.0044

	
	
	STTD
	0.0095    
	0.0092    
	0.0055    
	0.0049

	
	
	TxAA
	0.0053    
	0.0060    
	0.0139    
	0.0169


4. Summary and Conclusion

In this contribution, we present some system-level simulation results, which demonstrate the advantage of transmit diversity over the no-transmit-diversity scheme in both single-path and multipath channels. For the first time, the system-level performance of TxAA for HSDPA is evaluated. We found the following:

1. Mode 1 TxAA performs the best for low to moderate UE speeds (approximately below 50-kmph). For higher UE speeds, STTD starts to take over.

2. Compared to single antenna transmission, transmit diversity (the best of mode 1 TxAA and STTD) offers throughput gains in single-path and multipath channels. Significant reduction in the average residual frame error rate is also observed. The throughput gains of transmit diversity are summarized in the table below:  

Throughput gains of transmit diversity (the best of mode 1 TxAA and STTD)

	Scheduler
	Gain in average service TP
	Gain in average packet call TP

	Round robin
	1% to 21%
	12% to 165%

	Max C/I
	-2% to 7%
	1% to 27%


3. The gain of transmit diversity is more pronounced when round robin (RR) packet scheduler is used.

The above results demonstrate that transmit diversity (STTD and TxAA) offers significant gain in system-level performance for HSDPA. Therefore, we recommend that transmit diversity (STTD and TxAA) be supported for HSDPA as in Release 99 without any conceptual changes.
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Figure 1. System performance in flat fading channels: with and without transmit diversity. TxDiv represents the best of mode 1 TxAA and STTD.
[image: image2.png]1450

1400

1350

1300

1250

Av Service TP (kbps

1200

1150

Multipath,Round Robin Multipath,Round Robin

T T T T T 400 T T T T T
-~ No Txdiv -~ No Txdiv
-%- STTD || 350l -%- STTD ||
8- TxAA 8- TxAA
-6— TxDiv =&~ TxDiv

2
£300
o
=
S 250
K
Q
& 200
>
<C
150 N a
L 100 R S B B
0 20 40 60 80 100 120 0 20 40 60 80 100 120

UE speed (kmph)

UE speed (kmph)

Multipath,Max C/| Multipath,Max C/|
1850 T 2400 T T T T r
-~ No Txdiv
-%=- STTD
2200 -B- TxAA
1800 —
z &
§ £ 2000
= o
& =
3 1750 8 1800
z 3
Q X
%) Q
z & 1600
1700 6~ NoTxdiV | Ba._ i z
=%= STTD )
8- TxAA 1400
-9~ TxDiv
1650 i ; ; i i 1200 i ; ; i i
0 20 40 60 80 100 120 0 20 40 60 80 100 120

UE speed (kmph)

UE speed (kmph)



Figure 2. System performance in multipath fading channels: with and without transmit diversity. TxDiv represents the best of mode 1 TxAA and STTD.[image: image3.png])
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Figure 3. Throughput (average service and average packet call throughput) gains of transmit diversity for single-path and multipath channels.
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