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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].  The results in this T-doc are an update to the ones presented in [3], which had a different SATD implementation.  The BFTD parameters, ( and ( are set to 48( and 12( respectively.  Results for long term antenna imbalances of 0 and -4 are simulated for an inter-site distance of 1000 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 BFTD 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.  Similar to the observations in [3], 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 4.4% with a loss at 10 UEs per sector (where the network is overloaded).  In contrast, BFTD offers 1.7-12.5% 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 2% for SATD and losses 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
	1.12%
	1.74%
	1.44%
	1.21%

	0.5
	1.93%
	3.51%
	0.47%
	-0.19%

	1
	2.24%
	5.26%
	1.06%
	0.35%

	2
	1.50%
	6.35%
	0.58%
	-0.38%

	4
	4.40%
	12.53%
	1.93%
	-0.41%

	10
	-0.77%
	6.85%
	0.51%
	-1.58%
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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 1.3 dB for SATD and BFTD respectively when the network is not overloaded.  In VA30, the transmit power reduction is less than 0.5 dB and 1 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
	0.69
	1.05
	0.43
	0.87

	0.5
	0.55
	0.97
	0.48
	0.91

	1
	0.84
	1.18
	0.38
	0.93

	2
	0.77
	1.14
	0.49
	0.96

	4
	0.91
	1.21
	0.49
	0.91

	10
	2.93
	4.84
	1.13
	0.97


It is observed in Figure 3 that the average UE transmit power for VA30 is higher than that of PA3 until the number of UEs per sector becomes equal or larger than 4.  This matches the NB Noise Rise in Figure 1, where VA30 has higher noise rise than that of PA3 until the UE per sector becomes equal or larger than 4.  In VA30, individual UEs require higher transmit power to overcome the faster channel compared to that in PA3.  This will lead to smaller grants per UE as the number of UEs per sector increases.  The smaller grants in VA30 will result in lower transmit power leading to lower noise rise compare to those in PA3.  This actually leads to higher throughput for VA30 compared to PA3 as seen in Figure 2 since in PA3, the UE with higher grants than that of VA30 will attempt to aim for higher throughput by transmitting higher power, which leads to higher noise rise thereby raising the cost per uplink throughput.  This lead to backing off in throughput to a point that it is lower than those in VA30.

The SATD antenna switch rate is summarised in Table 3.  The average antenna switch rate is about 15.67 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
	16.57
	15.52

	0.5
	15.95
	15.40

	1
	16.26
	15.69

	2
	15.73
	15.70

	4
	14.86
	14.87

	10
	17.02
	14.46

	Average
	16.07
	15.28


2.2 UE Long Term Antenna Imbalance of -4 dB
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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.  Unlike the scenario with 0 dB long term antenna imbalance, there is also no observable gain for SATD in PA3.  This is because with -4 dB long term antenna imbalance (i.e. 2nd antenna has loss of 4 dB compared to the 1st antenna), the UE will be likely to select the 1st antenna for transmissions, which is the same antenna used in No TxDiv case.  The gain in throughput are summarised in Table 4.  Here the only conclusive gain is in using BFTD under PA3.

 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
	0.29%
	2.02%
	-0.15%
	1.06%

	0.5
	0.38%
	2.99%
	1.23%
	0.77%

	1
	1.95%
	5.62%
	-0.07%
	0.89%

	2
	-0.95%
	7.24%
	0.09%
	0.85%

	4
	1.00%
	11.90%
	-0.83%
	1.08%

	10
	-0.10%
	10.91%
	-1.33%
	0.19%
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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 antennas at all times and this effectively caused a loss of 4 dB, which is partly compensated by the gain in using BFTD.  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
	-0.56
	-0.61
	-0.64
	-0.82

	0.5
	-0.49
	-0.64
	-0.55
	-0.80

	1
	-0.47
	-0.64
	-0.50
	-0.78

	2
	-0.39
	-0.65
	-0.48
	-0.85

	4
	-0.18
	-0.45
	-0.41
	-0.78

	10
	0.97
	3.33
	-0.68
	-0.39


The antenna switch rate is summarised in Table 6.  The average switch rate is about 16.34 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
	17.64
	16.74

	0.5
	16.66
	16.34

	1
	16.36
	16.41

	2
	15.82
	15.81

	4
	15.62
	15.58

	10
	18.21
	14.84

	Average
	16.72
	15.95


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.  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 (1.7% to 12.5%) than that of SATD (-0.77% to 4.4%).  There are small power reductions in UE transmit power of less than 1 dB and 1.3 dB for SATD and BFTD respectively under PA3 when the network is not overloaded.  These gains are reduced to less than 0.5 dB and 1 dB for SATD and BFTD respectively under VA30 when the network is not overloaded.

For -4 dB long term antenna imbalance, no observable throughput gain is seen for the SATD scheme under both PA3 and VA30.  For BFTD, a gain of 2% to 11.9% is seen under PA3.  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 offer gains only in slow (pedestrian) channesl and do not benefit UEs under channels with even moderate mobility.  Under slow channels BFTD offers higher gains in throughput and transmit power reduction compared to SATD when there is no long term antenna imbalance.  With a long term antenna imbalance of -4 dB, only BFTD offers uplink throughput gain but at the cost of a small increase in UE transmit power.
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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]
	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, -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]
	2124.8
	1608.1
	1101.8
	621.0
	272.0
	52.1
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	2148.8
	1639.7
	1127.0
	630.4
	284.5
	51.7
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	1.13%
	1.96%
	2.29%
	1.52%
	4.60%
	-0.76%
	 


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]
	978.4
	488.9
	244.0
	52.3
	50.6
	44.3
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	957.7
	504.9
	255.3
	59.8
	50.8
	49.2
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-2.12%
	3.28%
	4.64%
	14.36%
	0.44%
	11.29%
	 


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]
	0.49
	0.16
	-1.77
	-5.24
	-6.02
	4.16
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	-0.20
	-0.39
	-2.61
	-6.01
	-6.94
	1.23
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	0.69
	0.55
	0.84
	0.77
	0.91
	2.93
	 


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]
	1766.8
	1394.1
	1004.1
	624.0
	316.5
	52.1
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1792.2
	1400.7
	1014.7
	627.7
	322.6
	52.4
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	1.44%
	0.47%
	1.06%
	0.58%
	1.93%
	0.51%
	 


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]
	729.0
	470.0
	190.5
	61.7
	50.6
	48.0
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	837.1
	491.3
	231.7
	71.7
	50.7
	48.1
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	14.83%
	4.54%
	21.59%
	16.34%
	0.18%
	0.12%
	 


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]
	1.33
	-0.60
	-2.28
	-4.31
	-7.46
	-3.92
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	0.90
	-1.07
	-2.66
	-4.80
	-7.94
	-5.06
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	0.43
	0.48
	0.38
	0.49
	0.49
	1.13
	 


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]
	2124.8
	1608.1
	1101.8
	621.0
	272.0
	52.1
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	2161.8
	1664.5
	1159.7
	660.4
	306.1
	55.7
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	1.74%
	3.51%
	5.26%
	6.35%
	12.53%
	6.85%
	 


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]
	978.4
	488.9
	244.0
	52.3
	50.6
	44.3
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1018.0
	527.3
	236.3
	61.1
	50.8
	50.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	4.05%
	7.86%
	-3.14%
	16.86%
	0.49%
	12.89%
	 


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]
	0.49
	0.16
	-1.77
	-5.24
	-6.02
	4.16
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	-0.55
	-0.81
	-2.95
	-6.38
	-7.23
	-0.69
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	1.05
	0.97
	1.18
	1.14
	1.21
	4.84
	 


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]
	1766.8
	1394.1
	1004.1
	624.0
	316.5
	52.1
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1788.2
	1391.5
	1007.6
	621.7
	315.2
	51.3
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	1.21%
	-0.19%
	0.35%
	-0.38%
	-0.41%
	-1.58%
	 


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]
	729.0
	470.0
	190.5
	61.7
	50.6
	48.0
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	789.8
	459.9
	173.3
	62.9
	50.6
	47.8
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	8.33%
	-2.16%
	-9.04%
	2.02%
	0.00%
	-0.44%
	 


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]
	1.3
	-0.6
	-2.3
	-4.3
	-7.5
	-3.9
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	0.46
	-1.51
	-3.20
	-5.28
	-8.37
	-4.89
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	0.87
	0.91
	0.93
	0.96
	0.91
	0.97
	 


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]
	2124.8
	1602.1
	1135.0
	628.0
	287.0
	50.5
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	2130.9
	1608.2
	1157.5
	622.1
	289.9
	50.4
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	0.29%
	0.38%
	1.99%
	-0.94%
	1.01%
	-0.10%
	 


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]
	978.4
	470.8
	249.0
	52.1
	50.6
	44.3
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	955.6
	480.1
	250.3
	57.8
	50.2
	46.6
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-2.33%
	1.98%
	0.50%
	10.88%
	-0.82%
	5.39%
	 


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]
	0.49
	-1.03
	-2.99
	-4.47
	-6.52
	4.45
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	1.05
	-0.54
	-2.52
	-4.07
	-6.34
	3.48
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	-0.56
	-0.49
	-0.47
	-0.39
	-0.18
	0.97
	 


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]
	1785.0
	1405.1
	1019.4
	624.2
	315.5
	52.1
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1782.2
	1422.4
	1018.8
	624.7
	312.9
	51.4
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-0.15%
	1.23%
	-0.07%
	0.09%
	-0.83%
	-1.33%
	 


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]
	781.3
	448.2
	230.8
	70.8
	50.3
	47.9
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	774.8
	451.3
	238.3
	76.0
	50.4
	47.9
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-0.83%
	0.68%
	3.27%
	7.26%
	0.18%
	-0.10%
	 


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]
	0.90
	-0.32
	-2.37
	-4.55
	-6.84
	-4.14
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	1.54
	0.23
	-1.87
	-4.07
	-6.43
	-3.46
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	-0.64
	-0.55
	-0.50
	-0.48
	-0.41
	-0.68
	 


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]
	2124.8
	1602.1
	1135.0
	628.0
	287.0
	50.5
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	2167.7
	1650.0
	1198.8
	673.4
	321.1
	56.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	2.02%
	2.99%
	5.62%
	7.24%
	11.90%
	10.91%
	 


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]
	978.4
	470.8
	249.0
	52.1
	50.6
	44.3
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	987.9
	498.7
	288.2
	64.6
	50.7
	50.0
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	0.97%
	5.92%
	15.70%
	23.90%
	0.20%
	12.89%
	 


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]
	0.49
	-1.03
	-2.99
	-4.47
	-6.52
	4.45
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	1.11
	-0.39
	-2.35
	-3.82
	-6.08
	1.12
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	-0.61
	-0.64
	-0.64
	-0.65
	-0.45
	3.33
	 


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]
	1785.0
	1405.1
	1019.4
	624.2
	315.5
	52.1
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	1803.9
	1416.0
	1028.5
	629.5
	318.9
	52.2
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	1.06%
	0.77%
	0.89%
	0.85%
	1.08%
	0.19%
	 


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]
	781.3
	448.2
	230.8
	70.8
	50.3
	47.9
	 

	Genie [kbps]
	 
	
	
	
	
	 
	 

	Practical [kbps]
	776.0
	445.6
	210.9
	72.4
	50.3
	47.7
	 

	Gain with Genie [%]
	 
	
	
	
	
	 
	 

	Gain with Practical [%]
	-0.67%
	-0.58%
	-8.61%
	2.25%
	0.01%
	-0.38%
	 


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]
	0.9
	-0.3
	-2.4
	-4.5
	-6.8
	-4.1
	 

	Genie [dBm]
	 
	
	
	
	
	 
	 

	Practical [dBm]
	1.72
	0.48
	-1.59
	-3.70
	-6.06
	-3.74
	 

	Gain with Genie [dB]
	 
	
	
	
	
	 
	 

	Gain with Practical [dB]
	-0.82
	-0.80
	-0.78
	-0.85
	-0.78
	-0.39
	 


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
	4.33
	7.85
	4.42
	8.09
	4.35
	7.82

	0.5
	4.46
	7.72
	4.48
	7.78
	4.39
	7.54

	1
	4.58
	7.44
	4.60
	7.51
	4.55
	7.32

	2
	4.81
	6.76
	4.82
	7.00
	4.76
	6.77

	4
	5.29
	6.93
	5.18
	6.88
	5.16
	6.78

	10
	17.11
	20.71
	14.92
	18.44
	13.40
	16.88


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
	4.55
	8.46
	4.57
	8.63
	4.56
	8.49

	0.5
	4.53
	8.17
	4.52
	8.19
	4.52
	8.11

	1
	4.63
	7.74
	4.60
	7.76
	4.57
	7.62

	2
	4.84
	7.26
	4.78
	7.26
	4.78
	7.11

	4
	4.90
	6.51
	4.93
	6.65
	4.91
	6.51

	10
	9.77
	12.87
	9.22
	12.12
	9.69
	12.66


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
	2361
	3049
	2388
	3043
	2402
	3011

	0.5
	1982
	2813
	2021
	2835
	2051
	2825

	1
	1686
	2566
	1722
	2563
	1772
	2583

	2
	1405
	2490
	1426
	2490
	1494
	2547

	4
	1111
	1953
	1162
	2015
	1251
	2179

	10
	521
	799
	517
	754
	557
	863


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
	1968
	2698
	1997
	2648
	1992
	2648

	0.5
	1723
	2483
	1731
	2473
	1720
	2449

	1
	1506
	2296
	1522
	2287
	1511
	2318

	2
	1400
	2307
	1409
	2217
	1395
	2299

	4
	1282
	2151
	1307
	2161
	1277
	2244

	10
	521
	719
	524
	745
	513
	718


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
	2125
	978
	2271
	2972
	2149
	958
	2401
	3000
	2162
	1018
	2370
	2994

	0.5
	1608
	489
	1616
	2675
	1640
	505
	1677
	2686
	1664
	527
	1714
	2702

	1
	1102
	244
	969
	2253
	1127
	255
	942
	2308
	1160
	236
	1010
	2326

	2
	621
	52
	368
	1625
	630
	60
	407
	1637
	660
	61
	426
	1766

	4
	272
	51
	91
	603
	285
	51
	139
	613
	306
	51
	140
	607

	10
	52
	44
	51
	52
	52
	49
	51
	53
	56
	50
	51
	52


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
	1767
	729
	1867
	2637
	1792
	837
	1937
	2589
	1788
	790
	1915
	2615

	0.5
	1394
	470
	1325
	2346
	1401
	491
	1354
	2342
	1391
	460
	1329
	2324

	1
	1004
	191
	840
	2067
	1015
	232
	869
	2046
	1008
	173
	875
	2064

	2
	624
	62
	490
	1548
	628
	72
	483
	1502
	622
	63
	469
	1616

	4
	317
	51
	165
	628
	323
	51
	186
	649
	315
	51
	171
	630

	10
	52
	48
	51
	54
	52
	48
	51
	54
	51
	48
	51
	53


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
	0.49
	-16.92
	0.98
	17.94
	-0.20
	-17.61
	0.43
	17.02
	-0.55
	-17.84
	0.06
	16.13

	0.5
	0.16
	-16.23
	0.81
	16.69
	-0.39
	-16.87
	0.22
	16.08
	-0.81
	-17.15
	-0.28
	15.56

	1
	-1.77
	-18.21
	-1.19
	14.32
	-2.61
	-19.40
	-2.15
	13.47
	-2.95
	-19.73
	-2.46
	13.07

	2
	-5.24
	-21.92
	-4.89
	10.93
	-6.01
	-22.64
	-5.39
	10.06
	-6.38
	-22.97
	-5.81
	9.46

	4
	-6.02
	-21.88
	-5.15
	8.58
	-6.94
	-22.80
	-6.03
	7.60
	-7.23
	-22.94
	-6.29
	7.27

	10
	4.16
	-12.03
	5.06
	20.49
	1.23
	-15.08
	1.95
	17.21
	-0.69
	-17.12
	-0.05
	15.31


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
	1.33
	-16.43
	2.46
	17.37
	0.90
	-16.70
	2.05
	16.94
	0.46
	-17.45
	1.53
	16.28

	0.5
	-0.60
	-17.57
	0.03
	15.69
	-1.07
	-18.16
	-0.33
	15.31
	-1.51
	-18.46
	-0.71
	14.44

	1
	-2.28
	-18.57
	-1.98
	14.24
	-2.66
	-19.25
	-2.33
	13.86
	-3.20
	-19.85
	-2.79
	13.42

	2
	-4.31
	-20.36
	-3.98
	11.45
	-4.80
	-21.03
	-4.42
	11.10
	-5.28
	-21.35
	-4.83
	10.47

	4
	-7.46
	-23.55
	-6.88
	7.77
	-7.94
	-24.13
	-7.46
	7.31
	-8.37
	-24.38
	-7.88
	6.86

	10
	-3.92
	-20.36
	-3.32
	12.03
	-5.06
	-21.59
	-4.49
	10.80
	-4.89
	-21.39
	-4.31
	10.93


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
	4.33
	7.85
	4.42
	8.12
	4.34
	7.83

	0.5
	4.48
	7.78
	4.52
	7.90
	4.40
	7.60

	1
	4.59
	7.44
	4.58
	7.41
	4.52
	7.33

	2
	4.85
	6.88
	4.80
	6.98
	4.78
	6.73

	4
	5.37
	7.14
	5.24
	7.08
	5.17
	6.84

	10
	17.66
	21.67
	16.31
	20.38
	13.73
	17.71


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
	4.51
	8.57
	4.52
	8.69
	4.47
	8.39

	0.5
	4.54
	8.21
	4.53
	8.25
	4.50
	8.01

	1
	4.63
	7.78
	4.63
	7.83
	4.62
	7.72

	2
	4.75
	7.11
	4.75
	7.17
	4.72
	7.03

	4
	4.95
	6.58
	4.97
	6.71
	4.91
	6.57

	10
	9.71
	12.42
	10.02
	12.90
	9.33
	12.08


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
	2361
	3049
	2368
	2998
	2409
	3048

	0.5
	1980
	2868
	1987
	2908
	2039
	2890

	1
	1661
	2608
	1694
	2599
	1754
	2614

	2
	1423
	2451
	1410
	2439
	1526
	2470

	4
	1158
	2001
	1170
	1994
	1296
	2099

	10
	505
	739
	504
	743
	560
	892


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
	2010
	2704
	2007
	2646
	2031
	2738

	0.5
	1719
	2492
	1740
	2530
	1733
	2482

	1
	1515
	2339
	1514
	2310
	1529
	2339

	2
	1406
	2216
	1408
	2144
	1418
	2203

	4
	1271
	2164
	1260
	2139
	1285
	2178

	10
	521
	758
	514
	724
	522
	748


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
	2125
	978
	2271
	2972
	2131
	956
	2334
	2969
	2168
	988
	2356
	3006

	0.5
	1602
	471
	1579
	2661
	1608
	480
	1573
	2737
	1650
	499
	1652
	2739

	1
	1135
	249
	1036
	2243
	1158
	250
	1036
	2272
	1199
	288
	1109
	2268

	2
	628
	52
	409
	1684
	622
	58
	446
	1498
	673
	65
	473
	1737

	4
	287
	51
	93
	605
	290
	50
	123
	648
	321
	51
	140
	614

	10
	50
	44
	51
	52
	50
	47
	51
	53
	56
	50
	51
	52


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
	1785
	781
	1889
	2645
	1782
	775
	1890
	2591
	1804
	776
	1933
	2619

	0.5
	1405
	448
	1411
	2368
	1422
	451
	1401
	2400
	1416
	446
	1391
	2377

	1
	1019
	231
	886
	2054
	1019
	238
	870
	2057
	1029
	211
	869
	2097

	2
	624
	71
	528
	1506
	625
	76
	508
	1459
	629
	72
	550
	1414

	4
	315
	50
	159
	643
	313
	50
	147
	674
	319
	50
	153
	678

	10
	52
	48
	51
	54
	51
	48
	51
	54
	52
	48
	51
	54


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
	0.49
	-16.92
	0.98
	17.94
	1.05
	-16.42
	1.55
	18.73
	1.11
	-16.24
	1.81
	18.19

	0.5
	-1.03
	-18.33
	-0.36
	16.17
	-0.54
	-17.87
	0.09
	16.90
	-0.39
	-17.66
	0.32
	16.71

	1
	-2.99
	-20.26
	-2.10
	13.51
	-2.52
	-19.80
	-1.70
	14.09
	-2.35
	-19.63
	-1.46
	14.05

	2
	-4.47
	-20.94
	-3.49
	10.36
	-4.07
	-20.70
	-3.10
	10.75
	-3.82
	-20.34
	-2.92
	10.93

	4
	-6.52
	-22.75
	-5.55
	8.55
	-6.34
	-22.40
	-5.57
	8.68
	-6.08
	-21.93
	-5.19
	8.68

	10
	4.45
	-12.17
	5.65
	20.49
	3.48
	-13.21
	4.64
	19.31
	1.12
	-15.61
	2.14
	16.49


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
	0.90
	-17.31
	1.77
	18.32
	1.54
	-16.89
	2.43
	19.06
	1.72
	-16.73
	2.63
	19.26

	0.5
	-0.32
	-17.55
	0.56
	15.98
	0.23
	-16.96
	1.04
	16.59
	0.48
	-16.72
	1.36
	16.92

	1
	-2.37
	-18.21
	-1.99
	13.31
	-1.87
	-17.74
	-1.54
	13.75
	-1.59
	-17.47
	-1.33
	14.29

	2
	-4.55
	-20.90
	-3.75
	10.91
	-4.07
	-20.35
	-3.37
	11.53
	-3.70
	-19.79
	-2.99
	11.73

	4
	-6.84
	-23.18
	-6.13
	8.62
	-6.43
	-22.64
	-5.83
	8.97
	-6.06
	-22.55
	-5.30
	9.31

	10
	-4.14
	-20.98
	-3.38
	11.34
	-3.46
	-20.25
	-2.67
	12.14
	-3.74
	-20.41
	-2.89
	11.68
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