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1          Introduction

This T-doc presents system level simulation results for HSUPA using UL transmit diversity for a network with inter site distance of 2800 m.  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].  Results for long term antenna imbalances of 0 and -4 are simulated for an inter-site distance of 2800 m under PA3 and VA30.  The results are tabulated in Appendix B for inclusion into TR25.863 with additional results tabulated in Appendix C.

2.1 UE Long Term Antenna Imbalance of 0 dB
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Figure 1: 90th percentile NB Noise Rise (0 dB long term antenna imbalance)
The 90th percentile NB noise rise is plotted in Figure 1 (and also in Table 32 and Table 33 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 SATD giving the lowest noise rise.  
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Figure 2: Average UL UE Throughput vs. Average UL Cell Throughput (0 dB long term antenna imbalance)
The average uplink UE throughput vs. average uplink cell throughput is plotted in Figure 2.  PA3 has higher throughput performance than VA30 when the number of UE per cell is less than 4 and the network is not overloaded.  Similar to the observations in [3] (inter site distance of 1000m), the throughput gains in using practical uplink transmit diversity schemes reduce as the channel Doppler increases since these schemes use TPC to make their decisions.
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 up to 3.21% with a loss at 10 UEs per sector (where the network is overloaded).  In contrast, BFTD offers 4.61-7.74% 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).   In VA30, the UE throughput gain is less than 4.05% for SATD and losses up to 4.51% are observed for BFTD.
Table 1: Average UL UE Throughput gain over UE without transmit diversity (0 dB long term antenna imbalance)

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

	 
	PA3
	VA30

	 
	SATD
	BFTD
	SATD
	BFTD

	0.25
	2.87%
	4.61%
	3.08%
	3.05%

	0.5
	3.15%
	5.06%
	1.72%
	1.72%

	1
	2.31%
	5.51%
	0.99%
	0.51%

	2
	3.21%
	5.84%
	0.44%
	-1.34%

	4
	1.04%
	7.74%
	1.44%
	-1.00%

	10
	-4.32%
	6.83%
	4.05%
	-4.51%
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Figure 3: Average UE Transmit Power (0 dB long term antenna imbalance)
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.  In PA3, the transmit power reduction is less than 1 dB and 1.16 dB for SATD and BFTD respectively when the network is not overloaded.  In VA30, the transmit power reduction is less than 0.55 dB and 0.88 dB for SATD and BFTD when the network is not overloaded.

Table 2: Average UE transmit power reduction (NoTxDiv  - SATD and NoTxDiv - BFTD) for 0 dB long term antenna imbalance
	UE/Sector
	Average UE Tx Pwr Gain over No TxDiv (dB)

	 
	PA3
	VA30

	 
	SATD
	BFTD
	SATD
	BFTD

	0.25
	0.45
	0.71
	0.28
	0.60

	0.5
	0.44
	0.73
	0.36
	0.71

	1
	0.56
	0.82
	0.36
	0.73

	2
	0.68
	1.04
	0.38
	0.79

	4
	0.93
	1.16
	0.55
	0.88

	10
	1.32
	1.46
	0.57
	0.86


The SATD antenna switch rate is summarised in Table 3.  The average antenna switch rate is about 21.25 antenna switches per second in all scenarios. 
Table 3: SATD antenna switching rate (0 dB long term antenna imbalance)

	UE/Sector
	SATD Antenna Switch Rate

	 
	(switches/second)

	 
	PA3
	VA30

	0.25
	18.87
	18.10

	0.5
	19.08
	18.57

	1
	19.71
	20.18

	2
	20.81
	21.21

	4
	20.25
	21.79

	10
	30.77
	25.69

	Average
	21.58
	20.92


2.2 UE Long Term Antenna Imbalance of -4 dB

[image: image4.emf]0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

0 2 4 6 8 10

Number of UE per Sector (-4 dB Long Term Antenna Imbalance)

90% Noise Rise (dB)

PA3-NoTxDiv PA3-SATD PA3-BFTD

VA30-NoTxDiv VA30-SATD VA30-BFTD


Figure 4: 90th percentile NB Noise Rise (-4 dB long term antenna imbalance)
Figure 4 is the 90-percentile NB Noise Rise.  Similarly to the scenario with 0 dB long term antenna imbalance, here the network is overloaded when the number of UEs per sector is 10.  The NB Noise Rise are also summarised in Table 40 and Table 41 for PA3 and VA30 respectively.
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Figure 5: Average UL UE Throughput vs. Average UL Cell Throughput (-4 dB long term antenna imbalance)

The average uplink UE throughput vs. average uplink cell throughput is plotted in Figure 5.  Similarly to the scenario with 0 dB long term antenna imbalance, there are no observable gains in VA30.  The gain in throughput are summarised in Table 4.
 Table 4: Average UL UE Throughput gain over UE without transmit diversity (-4 dB long term antenna imbalance)

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

	 
	PA3
	VA30

	 
	SATD
	BFTD
	SATD
	BFTD

	0.25
	-0.97%
	0.69%
	-1.25%
	-0.90%

	0.5
	0.30%
	2.23%
	-1.36%
	-1.54%

	1
	1.24%
	4.08%
	0.12%
	0.58%

	2
	0.83%
	7.61%
	0.47%
	1.71%

	4
	2.97%
	10.64%
	0.77%
	2.25%

	10
	-3.20%
	14.39%
	5.82%
	5.09%
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Figure 6: Average UE Transmit Power (-4 dB long term antenna imbalance)
The average UE transmit power is plotted in Figure 6 and the average transmit power reductions over No TxDiv case for SATD and BFTD are summarised in Table 5.  Unlike the scenario for 0 dB long term antenna imbalance, both SATD and BFTD requires slightly more power than the case when no transmit diversity is used.  For SATD, the occasional use of the 2nd antenna due to forced switching [1] would cause the UE to transmit higher power (at least 4 dB higher).  For BFTD, the UE transmits on both antenna at all times and this effectively caused a lost of 4 dB.  However, in overloaded network under PA3, both SATD and BFTD offer some reduction in transmit power over No TxDiv case.
Table 5: Average UE transmit power reduction (NoTxDiv  - SATD and NoTxDiv - BFTD) for -4 dB long term antenna imbalance

	UE/Sector
	Average UE Tx Pwr Gain over No TxDiv (dB)

	 
	PA3
	VA30

	 
	SATD
	BFTD
	SATD
	BFTD

	0.25
	-0.35
	-0.43
	-0.33
	-0.53

	0.5
	-0.42
	-0.51
	-0.39
	-0.57

	1
	-0.39
	-0.48
	-0.48
	-0.65

	2
	-0.33
	-0.57
	-0.44
	-0.71

	4
	-0.16
	-0.44
	-0.43
	-0.84

	10
	0.64
	0.20
	-0.38
	-0.54


The antenna switch rate is summarised in Table 6.  The average switch rate is about 23.31 for all scenarios.  This is slightly higher than that when the long term antenna imbalance is 0 dB.
Table 6: SATD antenna switching rate (-4 dB long term antenna imbalance)

	UE/Sector
	SATD Antenna Switch Rate

	 
	(switches/second)

	 
	PA3
	VA30

	0.25
	19.89
	19.56

	0.5
	20.93
	21.36

	1
	22.65
	22.87

	2
	22.20
	23.46

	4
	22.10
	22.43

	10
	34.39
	27.94

	Average
	23.69
	22.94


3          Conclusion

The system performances of the practical SATD and the practical BFTD uplink transmit diversity schemes are evaluated using system level simulations for long term antenna imbalance of 0 dB and -4 dB for an inter-site distance of 2800m.  It is found that both schemes offer no reduction in NB noise rise except when the network is overloaded in PA3. 
For 0 dB long term antenna imbalance, uplink throughput gain is seen only in PA3.  Here BFTD offers higher throughput gain (4.61% to 7.74%) than that of SATD (1.04% to 3.21%).  There are small power reductions in UE transmit power of less than 1 dB and 1.16 dB for SATD and BFTD respectively under PA3 when the network is not overloaded.  These gains are reduced to less than 0.55 dB and 0.88 dB for SATD and BFTD respectively under VA30 when the network is not overloaded.

The BFTD throughput gains (2.23% to 10.64%) with -4 dB long term antenna imbalance are higher in PA3 than those with 0 dB long term antenna imbalance.  However, SATD has lower throughput gains (-0.97% to 2.97%) with -4 dB long term antenna imbalance in PA3 compared to those with 0 dB long term antenna imbalance.  When the network is not overloaded, a long term antenna imbalance of -4 dB caused the UE to transmit higher power in SATD and BFTD.

Hence, it is concluded that SATD and BFTD offers gains in slow channel (pedestrian) and has less benefits for UEs under fast channel with even moderate mobility.  Under slow channel BFTD offers higher gains in throughput compared to SATD.
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APPENDIX A
The system level simulation assumptions are summarised in Table 7.

Table 7: 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]
	2800

	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, -4

	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


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

This section tabulates results for inclusion in TR25.863.
B.1
UE Long Term Antenna Imbalance of 0 dB

B.1.1
Switched Antenna Diversity (SATD)

Table 8: Average UE Data Rate (SATD) in PA3 (0 dB Long Term Antenna Imbalance)
	Average UE Data Rates (SATD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	1840.8
	1495.4
	1102.7
	654.5
	309.7
	98.3
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1895.2
	1544.0
	1128.8
	676.2
	313.0
	94.2
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	2.95%
	3.25%
	2.37%
	3.31%
	1.05%
	-4.14%
	 


Table 9: 10th Percentile UE Data Rate (SATD) in PA3 (0 dB Long Term Antenna Imbalance)
	10th Percentile User Data Rates (SATD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	405.3
	173.1
	67.4
	37.5
	27.5
	0.0
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	460.2
	178.1
	82.0
	50.4
	39.4
	0.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	13.55%
	2.91%
	21.76%
	34.53%
	43.49%
	0.0%
	 


Table 10: Average UE Transmit Power (SATD) in PA3 (0 dB Long Term Antenna Imbalance)
	Average Transmit Power (SATD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [dBm]
	15.05
	15.18
	13.68
	10.98
	10.59
	14.00
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	14.60
	14.73
	13.11
	10.30
	9.66
	12.68
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	0.45
	0.44
	0.56
	0.68
	0.93
	1.32
	 


Table 11: Average UE Data Rate (SATD) in VA30 (0 dB Long Term Antenna Imbalance)
	Average UE Data Rates (SATD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	1529.5
	1338.5
	981.3
	635.2
	339.5
	80.4
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1576.6
	1361.5
	991.0
	638.0
	344.3
	83.7
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	3.08%
	1.72%
	0.99%
	0.44%
	1.44%
	4.05%
	 


Table 12: 10th Percentile UE Data Rate (SATD) in VA30 (0 dB Long Term Antenna Imbalance)
	10th Percentile User Data Rates (SATD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	372.7
	244.3
	74.5
	43.0
	9.6
	0.0
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	332.0
	279.2
	91.7
	49.5
	25.1
	0.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-10.91%
	14.31%
	23.13%
	15.05%
	160.71%
	0.0%
	 


Table 13: Average UE Transmit Power (SATD) in VA30 (0 dB Long Term Antenna Imbalance)
	Average Transmit Power (SATD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [dBm]
	15.21
	14.77
	13.25
	11.24
	10.20
	10.41
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	14.92
	14.41
	12.89
	10.87
	9.65
	9.84
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	0.28
	0.36
	0.36
	0.38
	0.55
	0.57
	 


B.1.2
Beam Forming Antenna Diversity (BFTD)

Table 14: Average UE Data Rate (BFTD) in PA3 (0 dB Long Term Antenna Imbalance)
	Average UE Data Rates (BFTD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	1840.8
	1495.4
	1102.7
	654.5
	309.7
	98.3
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1925.7
	1571.0
	1163.4
	692.7
	333.7
	105.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	4.61%
	5.06%
	5.51%
	5.84%
	7.74%
	6.83%
	 


Table 15: 10th Percentile UE Data Rate (BFTD) in PA3 (0 dB Long Term Antenna Imbalance)
	10th Percentile User Data Rates (BFTD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	405.3
	173.1
	67.4
	37.5
	27.5
	0.0
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	501.6
	193.9
	92.1
	50.6
	43.9
	0.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	23.75%
	12.03%
	36.71%
	35.09%
	59.68%
	0.0%
	 


Table 16: Average UE Transmit Power (BFTD) in PA3 (0 dB Long Term Antenna Imbalance)
	Average Transmit Power (BFTD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [dBm]
	15.05
	15.18
	13.68
	10.98
	10.59
	14.00
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	14.34
	14.44
	12.86
	9.94
	9.43
	12.54
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	0.71
	0.73
	0.82
	1.04
	1.16
	1.46
	 


Table 17: Average UE Data Rate (BFTD) in VA30 (0 dB Long Term Antenna Imbalance)
	Average UE Data Rates (BFTD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	1529.5
	1338.5
	981.3
	635.2
	339.5
	80.4
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1576.1
	1361.5
	986.3
	626.7
	336.1
	76.8
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	3.05%
	1.72%
	0.51%
	-1.34%
	-1.00%
	-4.51%
	 


Table 18: 10th Percentile UE Data Rate (BFTD) in VA30 (0 dB Long Term Antenna Imbalance)
	10th Percentile User Data Rates (BFTD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	372.7
	244.3
	74.5
	43.0
	9.6
	0.0
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	371.8
	308.3
	92.2
	49.0
	32.9
	0.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-0.24%
	26.23%
	23.84%
	13.90%
	241.29%
	0.0%
	 


Table 19: Average UE Transmit Power (BFTD) in VA30 (0 dB Long Term Antenna Imbalance)
	Average Transmit Power (BFTD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [dBm]
	15.2
	14.8
	13.3
	11.2
	10.2
	10.4
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	14.61
	14.06
	12.52
	10.46
	9.32
	9.55
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	0.60
	0.71
	0.73
	0.79
	0.88
	0.86
	 


B.2
UE Long Term Antenna Imbalance of -4 dB

B.2.1
Switched Antenna Diversity (SATD)

Table 20: Average UE Data Rate (SATD) in PA3 (-4 dB Long Term Antenna Imbalance)

	Average UE Data Rates (SATD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	1840.8
	1495.4
	1128.0
	654.5
	309.7
	103.1
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1823.1
	1499.9
	1142.2
	660.0
	319.2
	99.9
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-0.96%
	0.30%
	1.26%
	0.84%
	3.06%
	-3.10%
	 


Table 21: 10th Percentile UE Data Rate (SATD) in PA3 (-4 dB Long Term Antenna Imbalance)

	10th Percentile User Data Rates (SATD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	405.3
	173.1
	54.6
	37.5
	27.5
	0.0
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	367.5
	141.1
	68.9
	38.9
	27.2
	0.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-9.32%
	-18.46%
	26.10%
	3.83%
	-0.84%
	0.0%
	 


Table 22: Average UE Transmit Power (SATD) in PA3 (-4 dB Long Term Antenna Imbalance)

	Average Transmit Power (SATD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [dBm]
	15.05
	15.18
	13.89
	10.98
	10.59
	14.45
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	15.40
	15.60
	14.28
	11.30
	10.75
	13.82
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	-0.35
	-0.42
	-0.39
	-0.33
	-0.16
	0.64
	 


Table 23: Average UE Data Rate (SATD) in VA30 (-4 dB Long Term Antenna Imbalance)

	Average UE Data Rates (SATD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	1530.8
	1282.9
	989.0
	636.4
	335.8
	76.9
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1511.7
	1265.5
	990.2
	639.4
	338.4
	81.4
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-1.25%
	-1.36%
	0.12%
	0.47%
	0.77%
	5.82%
	 


Table 24: 10th Percentile UE Data Rate (SATD) in VA30 (-4 dB Long Term Antenna Imbalance)

	10th Percentile User Data Rates (SATD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	318.7
	210.6
	65.3
	26.5
	32.2
	0.0
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	284.0
	192.7
	61.4
	18.4
	25.3
	0.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-10.89%
	-8.50%
	-5.93%
	-30.41%
	-21.45%
	0.0%
	 


Table 25: Average UE Transmit Power (SATD) in VA30 (-4 dB Long Term Antenna Imbalance)

	Average Transmit Power (SATD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [dBm]
	16.03
	14.68
	13.58
	11.97
	9.27
	10.12
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	16.36
	15.07
	14.06
	12.41
	9.70
	10.50
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	-0.33
	-0.39
	-0.48
	-0.44
	-0.43
	-0.38
	 


B.2.2
Beam Forming Antenna Diversity (BFTD)

Table 26: Average UE Data Rate (BFTD) in PA3 (-4 dB Long Term Antenna Imbalance)

	Average UE Data Rates (BFTD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	1840.8
	1495.4
	1128.0
	654.5
	309.7
	103.1
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1853.4
	1528.7
	1174.0
	704.3
	342.6
	117.9
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	0.69%
	2.23%
	4.08%
	7.61%
	10.64%
	14.39%
	 


Table 27: 10th Percentile UE Data Rate (BFTD) in PA3 (-4 dB Long Term Antenna Imbalance)

	10th Percentile User Data Rates (BFTD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	405.3
	173.1
	54.6
	37.5
	27.5
	0.0
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	411.0
	128.8
	54.5
	36.5
	23.1
	0.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	1.40%
	-25.56%
	-0.25%
	-2.47%
	-15.75%
	0.0%
	 


Table 28: Average UE Transmit Power (BFTD) in PA3 (-4 dB Long Term Antenna Imbalance)

	Average Transmit Power (BFTD) - PA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [dBm]
	15.05
	15.18
	13.89
	10.98
	10.59
	14.45
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	15.48
	15.68
	14.37
	11.55
	11.04
	14.25
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	-0.43
	-0.51
	-0.48
	-0.57
	-0.44
	0.20
	 


Table 29: Average UE Data Rate (BFTD) in VA30 (-4 dB Long Term Antenna Imbalance)

	Average UE Data Rates (BFTD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	1530.8
	1282.9
	989.0
	636.4
	335.8
	76.9
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1517.0
	1263.2
	994.7
	647.3
	343.3
	80.8
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-0.90%
	-1.54%
	0.58%
	1.71%
	2.25%
	5.09%
	 


Table 30: 10th Percentile UE Data Rate (BFTD) in VA30 (-4 dB Long Term Antenna Imbalance)

	10th Percentile User Data Rates (BFTD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [kbps]
	318.7
	210.6
	65.3
	26.5
	32.2
	0.0
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	278.9
	179.6
	51.7
	3.6
	10.0
	0.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-12.5%
	-14.7%
	-20.8%
	-86.2%
	-68.9%
	0.0%
	 


Table 31: Average UE Transmit Power (BFTD) in VA30 (-4 dB Long Term Antenna Imbalance)

	Average Transmit Power (BFTD) - VA3

	Algorithms
	Average number of users per cell
	Comments

	 
	0.25
	0.5
	1
	2
	4
	10
	 

	Baseline [dBm]
	16.0
	14.7
	13.6
	12.0
	9.3
	10.1
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	16.57
	15.25
	14.24
	12.68
	10.11
	10.66
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	-0.53
	-0.57
	-0.65
	-0.71
	-0.84
	-0.54
	 


APPENDIX C

C.1
UE Long Term Antenna Imbalance of 0 dB
Table 32: Node B Noise Rise in PA3 (0 dB Long Term Antenna Imbalance)
	UE/Sector
	NB Noise Rise (dB) - PA3

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	3.47
	6.65
	3.60
	6.92
	3.59
	6.84

	0.5
	3.67
	6.42
	3.75
	6.69
	3.74
	6.49

	1
	4.15
	6.43
	4.21
	6.69
	4.16
	6.47

	2
	4.62
	6.57
	4.65
	6.76
	4.60
	6.50

	4
	5.34
	7.00
	5.16
	6.82
	5.16
	6.71

	10
	11.91
	15.14
	11.13
	14.23
	11.24
	14.45


Table 33: Node B Noise Rise in VA30 (0 dB Long Term Antenna Imbalance)
	UE/Sector
	NB Noise Rise (dB) - VA30

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	3.59
	7.23
	3.64
	7.38
	3.68
	7.29

	0.5
	3.92
	7.27
	3.96
	7.43
	3.95
	7.26

	1
	4.08
	7.03
	4.14
	7.14
	4.14
	7.12

	2
	4.59
	6.91
	4.61
	7.08
	4.62
	6.98

	4
	5.00
	6.70
	4.95
	6.69
	4.94
	6.60

	10
	7.67
	10.05
	7.59
	9.93
	7.60
	9.90


Table 34: Cell Throughput in PA3 (0 dB Long Term Antenna Imbalance)
	UE/Sector
	Cell Throughput (kbps) - PA3

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	2084
	2991
	2140
	3058
	2168
	3018

	0.5
	1856
	2896
	1911
	2907
	1947
	2949

	1
	1715
	2764
	1746
	2742
	1795
	2790

	2
	1501
	2610
	1554
	2588
	1589
	2632

	4
	1259
	2155
	1272
	2146
	1356
	2271

	10
	983
	1873
	942
	1824
	1050
	1772


Table 35: Cell Throughput in VA30 (0 dB Long Term Antenna Imbalance)
	UE/Sector
	Cell Throughput (kbps) - VA30

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	1741
	2558
	1795
	2640
	1784
	2615

	0.5
	1661
	2514
	1687
	2535
	1690
	2509

	1
	1524
	2408
	1537
	2406
	1526
	2421

	2
	1466
	2363
	1469
	2292
	1446
	2320

	4
	1377
	2229
	1394
	2300
	1361
	2250

	10
	804
	1394
	837
	1491
	768
	1365


Table 36: UE Throughput in PA3 (0 dB Long Term Antenna Imbalance)
	UE/Sector
	UE Throughput (kbps) - PA3

	 
	No TxDiv
	SATD
	BFTD

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

	0.25
	1841
	405
	2093
	2949
	1895
	460
	2144
	2996
	1926
	502
	2197
	2983

	0.5
	1495
	173
	1558
	2754
	1544
	178
	1582
	2802
	1571
	194
	1605
	2823

	1
	1103
	67
	903
	2447
	1129
	82
	971
	2477
	1163
	92
	1051
	2472

	2
	654
	37
	436
	1775
	676
	50
	445
	1785
	693
	51
	458
	1839

	4
	310
	27
	130
	607
	313
	39
	147
	630
	334
	44
	173
	614

	10
	98
	0
	50
	386
	94
	0
	51
	295
	105
	0
	51
	385


Table 37: UE Throughput in VA30 (0 dB Long Term Antenna Imbalance)
	UE/Sector
	UE Throughput (kbps) - VA30

	 
	No TxDiv
	SATD
	BFTD

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

	0.25
	1529
	373
	1694
	2454
	1577
	332
	1737
	2589
	1576
	372
	1779
	2540

	0.5
	1339
	244
	1313
	2414
	1362
	279
	1362
	2405
	1361
	308
	1347
	2370

	1
	981
	74
	803
	2114
	991
	92
	827
	2080
	986
	92
	820
	2128

	2
	635
	43
	489
	1607
	638
	49
	492
	1535
	627
	49
	483
	1546

	4
	339
	10
	203
	741
	344
	25
	207
	743
	336
	33
	200
	721

	10
	80
	0
	50
	196
	84
	0
	51
	204
	77
	0
	50
	151


Table 38: UE Transmit Power in PA3 (0 dB Long Term Antenna Imbalance)
	UE/Sector
	UE Transmit Power (dBm) - PA3

	 
	No TxDiv
	SATD
	BFTD

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

	0.25
	15.05
	0.67
	19.44
	23.00
	14.60
	-0.12
	18.70
	23.00
	14.34
	-0.53
	18.14
	23.00

	0.5
	15.18
	1.57
	19.25
	23.00
	14.73
	0.79
	18.37
	23.00
	14.44
	0.46
	17.82
	23.00

	1
	13.68
	-0.34
	16.38
	23.00
	13.11
	-1.26
	15.46
	23.00
	12.86
	-1.47
	15.11
	23.00

	2
	10.98
	-4.13
	13.05
	23.00
	10.30
	-5.09
	12.29
	23.00
	9.94
	-5.29
	11.85
	23.00

	4
	10.59
	-4.18
	12.50
	23.00
	9.66
	-5.49
	11.41
	23.00
	9.43
	-5.59
	11.17
	23.00

	10
	14.00
	0.49
	16.49
	23.00
	12.68
	-1.46
	15.02
	23.00
	12.54
	-1.66
	14.79
	23.00


Table 39: UE Transmit Power in VA30 (0 dB Long Term Antenna Imbalance)
	UE/Sector
	UE Transmit Power (dBm) - VA30

	 
	No TxDiv
	SATD
	BFTD

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

	0.25
	15.21
	1.46
	19.94
	23.00
	14.92
	0.47
	19.58
	23.00
	14.61
	0.00
	18.79
	23.00

	0.5
	14.77
	0.76
	18.28
	23.00
	14.41
	0.09
	17.78
	23.00
	14.06
	-0.31
	17.25
	23.00

	1
	13.25
	-1.57
	16.02
	23.00
	12.89
	-2.25
	15.62
	23.00
	12.52
	-2.40
	15.00
	23.00

	2
	11.24
	-4.75
	13.48
	23.00
	10.87
	-5.30
	12.89
	23.00
	10.46
	-5.59
	12.38
	23.00

	4
	10.20
	-5.27
	12.13
	23.00
	9.65
	-6.07
	11.55
	23.00
	9.32
	-6.43
	11.13
	23.00

	10
	10.41
	-4.44
	12.05
	23.00
	9.84
	-5.38
	11.37
	23.00
	9.55
	-5.70
	11.05
	23.00


C.2
UE Long Term Antenna Imbalance of -4 dB
Table 40: Node B Noise Rise in PA3 (-4 dB Long Term Antenna Imbalance)
	UE/Sector
	NB Noise Rise (dB) - PA3

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	3.47
	6.65
	3.48
	6.87
	3.44
	6.72

	0.5
	3.67
	6.42
	3.66
	6.62
	3.61
	6.34

	1
	4.19
	6.47
	4.17
	6.69
	4.10
	6.44

	2
	4.62
	6.57
	4.61
	6.73
	4.58
	6.45

	4
	5.34
	7.00
	5.23
	6.95
	5.18
	6.70

	10
	12.06
	15.50
	10.92
	14.25
	11.17
	14.32


Table 41: Node B Noise Rise in VA30 (-4 dB Long Term Antenna Imbalance)
	UE/Sector
	NB Noise Rise (dB) - VA30

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	3.61
	7.14
	3.57
	7.16
	3.51
	6.97

	0.5
	3.86
	7.14
	3.85
	7.24
	3.77
	6.99

	1
	4.19
	7.14
	4.20
	7.25
	4.13
	7.03

	2
	4.61
	6.99
	4.61
	7.13
	4.55
	6.91

	4
	4.97
	6.64
	5.01
	6.78
	4.99
	6.62

	10
	7.80
	10.23
	7.86
	10.30
	7.62
	9.96


Table 42: Cell Throughput in PA3 (-4 dB Long Term Antenna Imbalance)
	UE/Sector
	Cell Throughput (kbps) - PA3

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	2084
	2991
	2064
	3005
	2104
	3025

	0.5
	1856
	2896
	1864
	2951
	1914
	2923

	1
	1750
	2755
	1769
	2736
	1828
	2788

	2
	1501
	2610
	1517
	2576
	1625
	2671

	4
	1259
	2155
	1297
	2243
	1392
	2222

	10
	1031
	1809
	999
	1845
	1179
	2062


Table 43: Cell Throughput in VA30 (-4 dB Long Term Antenna Imbalance)
	UE/Sector
	Cell Throughput (kbps) - VA30

	 
	No TxDiv
	SATD
	BFTD

	 
	Avg
	90%
	Avg
	90%
	Avg
	90%

	0.25
	1742
	2614
	1730
	2614
	1750
	2647

	0.5
	1644
	2498
	1624
	2476
	1623
	2484

	1
	1532
	2444
	1544
	2487
	1553
	2467

	2
	1434
	2341
	1441
	2342
	1458
	2345

	4
	1362
	2246
	1373
	2180
	1393
	2265

	10
	769
	1454
	814
	1531
	808
	1398


Table 44: UE Throughput in PA3 (-4 dB Long Term Antenna Imbalance)
	UE/Sector
	UE Throughput (kbps) - PA3

	 
	No TxDiv
	SATD
	BFTD

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

	0.25
	1841
	405
	2093
	2949
	1823
	368
	2055
	2941
	1853
	411
	2159
	2959

	0.5
	1495
	173
	1558
	2754
	1500
	141
	1548
	2773
	1529
	129
	1580
	2805

	1
	1128
	55
	987
	2432
	1142
	69
	995
	2437
	1174
	54
	1022
	2479

	2
	654
	37
	436
	1775
	660
	39
	430
	1763
	704
	37
	457
	1846

	4
	310
	27
	130
	607
	319
	27
	129
	789
	343
	23
	173
	740

	10
	103
	0
	50
	488
	100
	0
	50
	311
	118
	0
	51
	582


Table 45: UE Throughput in VA30 (-4 dB Long Term Antenna Imbalance)
	UE/Sector
	UE Throughput (kbps) - VA30

	 
	No TxDiv
	SATD
	BFTD

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

	0.25
	1531
	319
	1681
	2556
	1512
	284
	1665
	2522
	1517
	279
	1634
	2599

	0.5
	1283
	211
	1256
	2338
	1266
	193
	1220
	2325
	1263
	180
	1205
	2336

	1
	989
	65
	819
	2095
	990
	61
	828
	2133
	995
	52
	816
	2183

	2
	636
	27
	516
	1576
	639
	18
	528
	1552
	647
	4
	517
	1628

	4
	336
	32
	192
	678
	338
	25
	185
	746
	343
	10
	210
	699

	10
	77
	0
	51
	154
	81
	0
	50
	201
	81
	0
	51
	207


Table 46: UE Transmit Power in PA3 (-4 dB Long Term Antenna Imbalance)
	UE/Sector
	UE Transmit Power (dBm) - PA3

	 
	No TxDiv
	SATD
	BFTD

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

	0.25
	15.05
	0.67
	19.44
	23.00
	15.40
	1.10
	20.35
	23.00
	15.48
	1.49
	20.38
	23.00

	0.5
	15.18
	1.57
	19.25
	23.00
	15.60
	2.04
	20.08
	23.00
	15.68
	2.24
	20.28
	23.00

	1
	13.89
	-0.55
	16.70
	23.00
	14.28
	0.23
	17.25
	23.00
	14.37
	0.28
	17.34
	23.00

	2
	10.98
	-4.13
	13.05
	23.00
	11.30
	-3.77
	13.55
	23.00
	11.55
	-3.19
	13.71
	23.00

	4
	10.59
	-4.18
	12.50
	23.00
	10.75
	-3.94
	12.65
	23.00
	11.04
	-3.45
	13.02
	23.00

	10
	14.45
	0.69
	17.49
	23.00
	13.82
	-0.05
	16.61
	23.00
	14.25
	0.61
	17.42
	23.00


Table 47: UE Transmit Power in VA30 (-4 dB Long Term Antenna Imbalance)
	UE/Sector
	UE Transmit Power (dBm) - VA30

	 
	No TxDiv
	SATD
	BFTD

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

	0.25
	16.03
	1.53
	21.60
	23.00
	16.36
	2.05
	22.44
	23.00
	16.57
	2.35
	23.00
	23.00

	0.5
	14.68
	0.23
	18.26
	23.00
	15.07
	0.90
	18.97
	23.00
	15.25
	1.08
	19.16
	23.00

	1
	13.58
	-0.41
	16.11
	23.00
	14.06
	0.04
	16.94
	23.00
	14.24
	0.35
	17.22
	23.00

	2
	11.97
	-2.59
	13.69
	23.00
	12.41
	-2.16
	14.37
	23.00
	12.68
	-1.56
	14.61
	23.00

	4
	9.27
	-6.21
	10.76
	23.00
	9.70
	-5.40
	11.23
	23.00
	10.11
	-4.91
	11.69
	23.00

	10
	10.12
	-5.06
	11.83
	23.00
	10.50
	-4.60
	12.26
	23.00
	10.66
	-4.56
	12.45
	23.00
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