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1          Introduction

This T-doc presents system level simulation results for HSUPA using UL transmit diversity.  The transmit diversity schemes evaluated are the practical Switched Antenna Tx Diversity (SATD) and the practical Beam Forming Tx Diversity (BFTD) [1].
2          Simulation Results
The simulation assumptions used are summarised in the Appendix A and they conform to [2].  Here, only zero long term antenna imbalance with the high priority parameters are simulated under Pedestrian A at 3 kmph (PA3) and Vehicular A at 30 kmph (VA30).  The results are summarised in tabular form in Appendix B.
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Figure 1: 90-percentile NB Noise Rise

The 90-percentile NB noise rise is plotted in Figure 1 (and also in Table 5 and Table 6 for PA3 and VA30 respectively).  The difference in noise rise is small among the different uplink transmit diversity schemes.  However, it is observed that the network is overloaded at 10 UEs per sector and in PA3 case, BFTD and SATD have lower noise rise with BFTD giving the lowest noise rise.   
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Figure 2: Average UL UE Throughput vs. Average UL Cell Throughput

The average uplink UE throughput vs. average uplink cell throughput is plotted in Figure 2.  In the practical uplink transmit diversity schemes considered in this document, TPC is used to select the antenna to transmit in the practical SATD and the beamforming weights to use in the practical BFTD [1].  Since the effectiveness of TPC reduces as the channel Doppler increases, uplink transmit diversity offers higher uplink throughput gain in PA3 than that in VA30 as observed in Figure 2.  In PA3, BFTD offers higher uplink throughput gain compared to that in SATD.
The average uplink UE throughput gain of both uplink transmit diversity schemes over having no transmit diversity is summarised in Table 1.  In PA3, the uplink UE throughput gain achieved by SATD is less than 2% with a loss at 10 UEs per sector (where the network is overloaded).  In contrast, BFTD offers 2-12% uplink UE throughput gain and this gain increases as the number of UE per sector increases except for the case where the network is overloaded (with 10 UEs per sector).   The UE throughput gain in VA30 is smaller and turns into a loss as the number of UE per sector increases.
Table 1: Average UL UE Throughput gain over UE without transmit diversity

	UE/Sector
	Average UE Throughput Gain over No TxDiv (%)

	 
	PA3
	VA30

	 
	SATD
	BFTD
	SATD
	BFTD

	0.25
	1.85%
	2.37%
	1.30%
	0.05%

	0.5
	0.80%
	4.06%
	0.48%
	0.15%

	1
	1.25%
	5.94%
	0.43%
	0.40%

	2
	1.36%
	8.48%
	-0.49%
	-0.59%

	4
	1.30%
	11.74%
	-0.73%
	-1.52%

	10
	-2.35%
	8.10%
	-1.74%
	-1.65%
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Figure 3: Average UE Transmit Power
The average UE transmit power is plotted in Figure 3.  Here it shows that uplink transmit diversity reduces the average transmit power in PA3 and VA30.  The transmit power reduction (i.e. difference between no transmit diversity and with transmit diversity) is summarised in Table 2.  The transmit power reduction is up to 2 dB in PA3 except for BFTD where the network is overloaded (10 UEs per sector).  The transmit power reduction is not significant in VA30 (less than 1 dB).
Table 2: Average UE transmit power reduction (NoTxDiv  - SATD and NoTxDiv - BFTD)
	UE/Sector
	Average UE Tx Pwr Reduction over No TxDiv (dB)

	 
	PA3
	VA30

	 
	SATD
	BFTD
	SATD
	BFTD

	0.25
	0.47
	1.25
	0.16
	0.60

	0.5
	0.64
	1.17
	0.34
	0.72

	1
	0.75
	1.22
	0.42
	0.72

	2
	0.76
	1.23
	0.41
	0.71

	4
	1.13
	1.41
	0.35
	0.63

	10
	1.95
	5.01
	-0.32
	0.11


The SATD antenna switch rate is summarised in Table 3.  The average antenna switch rate is about 50 antenna switches per second in all scenarios.  Since an antenna selection decision is made every 10 ms (1 radio frame), this switch rate corresponds to a 50% probability that the UE will witch antenna.  This indicates that the antenna selection may be random and the gains achieved in antenna switching is due to interference averaging over the two transmit branches.

Table 3: SATD antenna switching rate

	UE/Sector
	SATD Antenna Switch Rate

	 
	(switches/second)

	 
	PA3
	VA30

	0.25
	51.12
	49.62

	0.5
	50.07
	49.55

	1
	50.74
	49.53

	2
	51.00
	50.22

	4
	51.42
	50.07

	10
	52.79
	50.47


3          Conclusion

The system performances of the practical SATD and the practical BFTD uplink transmit diversity schemes are evaluated using system level simulations.  It is found that both schemes offer no reduction in NB noise rise except when the network is overloaded PA3. Uplink throughput gain is seen in PA3 but not in VA30, where in PA3, BFTD offers higher throughput gain (2-12%) than that of SATD (less than 2%).  There is modest reduction in UE transmit power of less than 2 dB under PA3, where once again BFTD offers larger UE transmit power reduction.  The UE transmit power reduction is not significant under VA30.  

Hence, it is concluded that SATD and BFTD offers gains only in slow channel and does not benefit UEs under a fast channel.  Under slow channel BFTD offers higher gains in throughput and transmit power reduction compared to SATD.
We note that non-zero long term antenna imbalance may reduce the potential gains.  This and other practical considerations need to be studied by RAN4. 
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APPENDIX A
The system level simulation assumptions are summarised in Table 4.

Table 4: System level simulation assumptions

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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                                                                            = 70 degrees,   Am = 20 dB

                                                              

	Channel Model
	PA3, VA30

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 10 (Best effort data)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target BLER = 1%

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB]
(Note 1)
	0

	Short-term antenna imbalance [dB] 
(Note 2)
	Gaussian distribution with 

µ = 0

σ = 2.25



	UE Tx Antenna Correlation
	0.3

	NB Rx Antenna Correlation
	0


	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair

	Beam Forming Codebook Size
	8, (( = 22.5(, ( = 45()


Note 1: The long term antenna imbalance is fixed for all the UE’s in a particular simulation.
Note 2: The short term antenna imbalance value is independently generated from the distribution on a per UE per link basis. Once generated, the short term imbalance does not change for the duration of the simulation.

APPENDIX B

Simulation results in tabular form are as follows:

Table 5: Node B Noise Rise in PA3

	UE/Sector
	NB Noise Rise (dB) - PA3

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	4.33
	7.85
	4.57
	8.67
	4.39
	7.99

	0.5
	4.44
	7.71
	4.54
	8.12
	4.39
	7.65

	1
	4.57
	7.42
	4.65
	7.71
	4.54
	7.37

	2
	4.83
	6.76
	4.84
	7.12
	4.76
	6.67

	4
	5.33
	7.14
	5.17
	6.89
	5.21
	6.90

	10
	16.88
	20.92
	15.72
	20.24
	13.12
	17.16


Table 6: Node B Noise Rise in VA30

	UE/Sector
	NB Noise Rise (dB) - VA30

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	4.52
	8.61
	4.57
	8.80
	4.52
	8.48

	0.5
	4.49
	8.13
	4.53
	8.30
	4.49
	8.07

	1
	4.64
	7.82
	4.63
	7.84
	4.62
	7.79

	2
	4.79
	7.15
	4.78
	7.22
	4.75
	7.10

	4
	4.99
	6.62
	5.01
	6.80
	5.02
	6.73

	10
	10.00
	13.11
	10.66
	13.87
	10.56
	13.73


Table 7: Cell Throughput in PA3

	UE/Sector
	Cell Throughput (kbps) - PA3

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	2361
	3049
	2405
	3068
	2417
	3025

	0.5
	1965
	2867
	1981
	2904
	2045
	2884

	1
	1645
	2599
	1665
	2663
	1742
	2644

	2
	1433
	2360
	1453
	2453
	1551
	2519

	4
	1150
	1981
	1166
	2034
	1285
	2153

	10
	498
	706
	487
	706
	538
	772


Table 8: Cell Throughput in VA30

	UE/Sector
	Cell Throughput (kbps) - VA30

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	1975
	2592
	2001
	2670
	1976
	2609

	0.5
	1699
	2445
	1707
	2453
	1702
	2479

	1
	1504
	2316
	1511
	2296
	1510
	2323

	2
	1418
	2229
	1411
	2179
	1410
	2181

	4
	1237
	2121
	1228
	2105
	1218
	2113

	10
	515
	719
	506
	714
	506
	714


Table 9: UE Throughput in PA3

	UE/Sector
	UE Throughput (kbps) - PA3

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%

	0.25
	2125
	978
	2271
	2972
	2165
	896
	2399
	3037
	2175
	1019
	2408
	2996

	0.5
	1574
	444
	1545
	2690
	1587
	456
	1519
	2781
	1638
	467
	1628
	2726

	1
	1104
	220
	911
	2310
	1118
	200
	943
	2434
	1169
	249
	1021
	2367

	2
	626
	52
	413
	1699
	635
	63
	449
	1558
	679
	66
	479
	1749

	4
	282
	51
	86
	604
	286
	50
	133
	611
	315
	51
	141
	609

	10
	50
	45
	51
	52
	49
	47
	51
	52
	54
	50
	51
	52


Table 10: UE Throughput in VA30

	UE/Sector
	UE Throughput (kbps) - VA30

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%

	0.25
	1820
	867
	1935
	2587
	1844
	875
	1957
	2640
	1821
	899
	1900
	2564

	0.5
	1383
	476
	1325
	2341
	1389
	458
	1312
	2351
	1385
	427
	1324
	2319

	1
	1019
	219
	910
	1989
	1023
	213
	893
	2027
	1023
	216
	893
	2059

	2
	622
	65
	527
	1448
	619
	68
	510
	1448
	618
	72
	519
	1496

	4
	303
	50
	141
	634
	301
	50
	147
	632
	299
	50
	140
	639

	10
	51
	48
	51
	54
	51
	48
	51
	54
	51
	48
	51
	54


Table 11: UE Transmit Power in PA3

	UE/Sector
	UE Transmit Power (kbps) - PA3

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%

	0.25
	0.49
	-16.92
	0.98
	17.94
	0.02
	-17.18
	0.59
	16.99
	-0.76
	-17.92
	-0.14
	15.97

	0.5
	-0.65
	-17.67
	0.15
	16.05
	-1.29
	-18.27
	-0.43
	15.09
	-1.81
	-18.92
	-0.93
	14.31

	1
	-2.31
	-18.92
	-1.82
	14.33
	-3.06
	-19.51
	-2.72
	13.44
	-3.52
	-20.08
	-3.08
	12.91

	2
	-4.84
	-21.26
	-4.23
	10.93
	-5.61
	-22.03
	-4.91
	10.20
	-6.07
	-22.75
	-5.45
	9.67

	4
	-5.64
	-22.86
	-4.83
	10.05
	-6.77
	-23.76
	-5.76
	8.76
	-7.05
	-24.19
	-6.08
	8.58

	10
	3.62
	-13.47
	4.72
	20.49
	1.67
	-15.41
	2.60
	18.15
	-1.39
	-18.60
	-0.58
	14.68


Table 12: UE Transmit Power in VA30

	UE/Sector
	UE Throughput (kbps) - VA30

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%
	Avg
	10%
	50%
	90%

	0.25
	1.68
	-15.57
	2.65
	18.30
	1.51
	-15.70
	2.50
	18.01
	1.08
	-16.05
	2.03
	17.42

	0.5
	-0.26
	-16.86
	0.45
	16.07
	-0.60
	-17.47
	0.13
	15.87
	-0.98
	-17.88
	-0.39
	15.53

	1
	-2.95
	-19.77
	-1.98
	13.03
	-3.37
	-20.37
	-2.60
	12.58
	-3.67
	-20.75
	-2.84
	12.20

	2
	-4.39
	-20.55
	-4.00
	11.56
	-4.80
	-20.99
	-4.44
	11.00
	-5.09
	-21.28
	-4.78
	10.87

	4
	-6.88
	-22.34
	-6.48
	8.07
	-7.23
	-23.00
	-6.81
	8.01
	-7.51
	-23.26
	-7.12
	7.75

	10
	-3.73
	-20.01
	-3.05
	12.19
	-3.41
	-19.84
	-2.69
	12.49
	-3.83
	-20.19
	-3.14
	11.99
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