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Introduction

This contribution presents system evaluation results for Beamforming Transmit Diversity (BFTD) in bursty traffic scenarios. In particular, we investigate the performance improvement offered by BFTD in bursty traffic with varying burst sizes and burst inter-arrival time as well as the impact on BFTD from UE state transitions to transmit a burst of data. 
2

System Simulation Setup
2.1

System Simulation Parameters
A set of system simulation assumptions were agreed upon for evaluation of open loop transmit diversity schemes [2]. The results presented here are based on the simulation parameters listed in [2] and are also provided in Table A1 in Appendix A.
The model used for Bursty-Traffic source is the one described in [3] and is as follows: the burst size is log-normally distributed as in FTP traffic model described in [4] but with the parameters described in Table 1. There is no underlying transport protocol modeled. The inter-burst time is defined as the time between the arrival of two consecutive bursts. From Table 2, the mean burst size varies from 1.25 KBytes up to 0.125 MBytes. To keep a constant offered load of 200kbps per UE, the inter burst time is varied from 50 ms up to 5 sec correspondingly. 
The practical algorithm used for evaluating open loop BFTD is the reference beamforming algorithm of [2]. Hereon, the practical algorithm used for open loop BFTD will be referred to simply as the BFTD scheme and the baseline is No TD where the UE is equipped with only a single transmit antenna.

2.2
Modeling State Transitions in Bursty Traffic Scenario

In a bursty traffic scenario, a UE does not always have data to transmit in its buffer. Typically, when a data burst arrives, the UE would transition into CELL_DCH to transmit the data and then go back to being IDLE. It can be argued that every time a UE performs such a transition into CELL_DCH state to transmit its data burst, the UE should start transmitting with a random beamforming phase applied to the secondary antenna for BFTD. In this case, there will be a transitory period from the time the UE starts transmission of its data burst till the time the UE has accumulated enough TPC bits for the BFTD algorithm to reach an equilibrium state.
In the results presented here, we mimic the effect of such state transitions but resetting the BFTD algorithm to always start transmission of a new burst with a random initial beamforming phase applied to the secondary antenna.  The only exception to this rule is if a new burst arrives for transmission in the UE’s data buffer before it has finished transmitting its previous burst. In this case, the UE would not have performed a state transition and the BFTD algorithm should not be reset.
Table 1: Uplink System Simulation Bursty Traffic Model
	Component
	Distribution


	Parameters
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	Case A: 
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Std. Dev. = 0.45 KBytes
Maximum = 3.125 KBytes
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2.3
System Simulation Performance Metrics
The following metrics have been obtained to evaluate the system level benefits of BFTD:

· User Burst Rate

· Average
· 10th percentile
· User DPCCH Transmit power

· Average
· Average Noise Rise  (or Rise Over Thermal)

Note that user burst rate is defined as the burst rate of a user averaged over all of its own data bursts. User DPCCH transmit power is defined as the time average DPCCH transmit power level of the user calculated over time intervals when it is transmitting data.

3
System Simulation Results
3.1

System Simulation Results for PA3 Channel
Table 2 quantifies the average user burst rate of No TD and BFTD, as well as the gain from BFTD for PA3 channel type. It can be seen that BFTD can offer up to 7% gain in average user burst rate.
Table 2: Average User Burst Rate, PA3

	Number of users/cell
	Penetration Loss (dB)
	Average User Burst Rate

No TD (kbps), BFTD (kbps) 

(Gain (%))

	
	
	Case A
	Case B
	Case C
	Case D

	1
	10
	242.94, 243.63 (0.28) 
	629.71, 632.12 (0.38) 
	936.14, 940.54 (0.47) 
	1071.07, 1074.03 (0.28) 

	2
	10
	245.60, 245.66 (0.02) 
	631.06, 633.31 (0.36) 
	937.42, 941.47 (0.43) 
	1070.25, 1073.29 (0.28) 

	4
	10
	235.32, 237.30 (0.84) 
	625.60, 631.66 (0.97) 
	948.08, 953.19 (0.54) 
	1072.72, 1076.74 (0.38) 

	6
	10
	219.29, 227.42 (3.71) 
	589.31, 613.29 (4.07) 
	923.54, 940.90 (1.88) 
	1041.11, 1061.97 (2.00) 

	1
	20
	239.95, 240.78 (0.35)
	617.32, 621.89 (0.74)
	912.25, 921.75 (1.04)
	1037.3, 1049.0 (1.13)

	2
	20
	241.21, 241.96 (0.31)
	614.97, 620.07 (0.83)
	906.94, 918.37 (1.26)
	1028.1, 1043.0 (1.46)

	4
	20
	226.56, 231.19 (2.04)
	594.40, 608.45 (2.36)
	897.45, 916.24 (2.09)
	1011.2, 1033.0 (2.16)

	6
	20
	206.26, 218.71 (6.04)
	545.24, 583.06 (6.94)
	854.38, 895.19 (4.77)
	964.23, 1009.5 (4.69)


An interesting observation from Table 2 is that the average burst rate for Case A (10kbit mean burst size, 0.05 sec mean inter-burst time) is much smaller than  the other cases when compared at the same number of users/cell. This is observed for both No TD as well as BFTD. This can be attributed to the HARQ interlace structure and system operation where we target 1% BLER after 4 transmissions. If the burst is small, as is the case in Case A, it only utilizes a subset of the available HARQ processes resulting in smaller burst rate than can be achieved if all the HARQ processes were undergoing simultaneous transmission. 

One of the main advantages of BFTD is the improved performance it provides for cell-edge users. This is because the burst rates of these edge of cell users are most often limited by their headroom. By providing a better link to the Node-B(s), BFTD helps to alleviate the headroom limitations of these users. For this reason, we summarize the performance of the 10th percentile user with and without BFTD in Table 3. It can be observed that BFTD increases the 10th percentile user burst rate by up to 40%, thereby providing a significant improvement in edge of the cell user experience. 

From Table 3, it is also observed that the 10th percentile users experience higher increase in their burst rate with 20dB penetration loss as compared with the corresponding 10dB penetration loss scenario. This is expected as more users are headroom limited in the 20dB penetration loss case.
Table 3: 10th Percentile User Burst Rate, PA3
	Number of users/cell
	Penetration Loss (dB)
	10th Percentile User Burst Rate

No TD (kbps), BFTD (kbps)  

(Gain (%))

	
	
	Case A
	Case B
	Case C
	Case D

	1
	10
	234.07, 235.49 (0.61) 
	607.65, 612.95 (0.87) 
	892.40, 900.42 (0.90) 
	996.03, 1000.99 (0.50) 

	2
	10
	236.92, 237.90 (0.41) 
	610.09, 614.90 (0.79) 
	894.46, 901.41 (0.78) 
	996.39, 1000.42 (0.41) 

	4
	10
	220.14, 222.87 (1.24) 
	602.54, 612.46 (1.65) 
	906.28, 912.08 (0.64) 
	998.31, 1003.51 (0.52) 

	6
	10
	209.34, 218.75 (4.49) 
	561.53, 591.76 (5.38) 
	882.49, 900.49 (2.04) 
	959.63, 985.46 (2.69) 

	1
	20
	233.09, 234.71 (0.70)
	603.59, 609.62 (1.0)
	879.22, 890.31 (1.26)
	955.4, 974.3 (1.98)

	2
	20
	235.24, 236.48 (0.53)
	603.86, 609.59 (0.95)
	874.94, 889.34 (1.65)
	939.2, 968.0 (3.06)

	4
	20
	216.99, 220.22 (1.49)
	574.42, 599.87 (4.43)
	827.26, 892.24 (7.86)
	874.8, 956.5 (9.34)

	6
	20
	198.28, 213.21 (7.53)
	438.15, 554.24 (26.5)
	608.12, 854.31 (40.48)
	654.76, 898.4 (37.21)


Table 4 shows the UE DPCCH transmit power level of the No TD case as well as the gain (reduction) due to BFTD. The reduction from BFTD ranges from 2.0 dB to 3.4 dB for PA3 channel depending on user load and bursty traffic parameters.  As stated earlier, this reduction in UE DPCCH transmit power due to BFTD directly helps in improving the burst rate of cell-edge users by alleviating their headroom limitation. 
Table 4: Average User DPCCH Transmit Power, PA3

	Number of users/cell
	Penetration Loss (dB)
	Average User DPCCH Transmit Power

No TD (dBm), BFTD Gain (dB) 

	
	
	Case A
	Case B
	Case C
	Case D

	1
	10
	-18.49, 2.04 
	-18.82, 2.19 
	-19.04, 2.43 
	-18.97, 2.48 

	2
	10
	-17.97, 2.17 
	-18.30, 2.33 
	-18.50, 2.59 
	-18.42, 2.67 

	4
	10
	-16.42, 2.33 
	-16.75, 2.50 
	-17.07, 2.83 
	-17.04, 2.92 

	6
	10
	-14.37, 2.67 
	-14.71, 2.89 
	-15.04, 3.21 
	-15.07, 3.36 

	1
	20
	-8.45, 2.17
	-8.73, 2.31
	-8.93, 2.53
	-8.83, 2.59

	2
	20
	-7.90, 2.31
	-8.15, 2.48
	-8.34, 2.72
	-8.23, 2.79

	4
	20
	-6.45, 2.46
	-6.70, 2.63
	-6.98, 2.91
	-6.97, 2.98

	6
	20
	-4.44, 2.76
	-4.69, 2.95
	-5.05, 3.25
	-5.08, 3.30


From Table 4, it can also observed that the reduction is DPCCH transmit power level typically increases with increasing burst size (going from Case A to Case D) when compared at the same user load. This is due to the modeling of UE state transition where the BFTD algorithm gets reset upon transmission of a new burst. With larger burst sizes, the impact from the transient before the BFTD algorithm reaches an equilibrium state is lesser. This is as expected.
Average Noise Rise statistics for No TD and BFTD are also presented in Appendix for this channel type. 
3.2


System Simulation Results for VA30 Channel
Table 5 quantifies the average user burst rate of No TD and BFTD, as well as the gain from BFTD for VA30 channel type. It can be seen that BFTD does not offer any substantial improvement or degradation in terms of average user burst rate for this channel type.
Table 5: Average User Burst Rate, VA30

	Number of users/cell
	Penetration Loss (dB)
	Average User Burst Rate

No TD (kbps), BFTD (kbps) 

(Gain (%))

	
	
	Case A
	Case B
	Case C
	Case D

	1
	10
	252.96, 248.58      (-1.73)
	645.41, 639.63      (-0.90)
	997.75, 986.84      (-1.09)
	1151.0, 1139.7    (-0.98)

	2
	10
	258.04, 253.41      (-1.79)
	648.89, 643.15      (-0.86)
	999.59, 988.63      (-1.10)
	1150.5, 1139.2     (-0.98)

	4
	10
	246.12, 243.0        (-1.27)
	627.52, 623.74      (-0.60)
	982.26, 974.6        (-0.78)
	1131.8, 1123.4    (-0.74)

	6
	10
	214.25, 214.99 (0.35)
	529.72, 535.40 (1.07)
	876.69, 880.36 (0.42)
	1020.7, 1023.2 (0.25)

	1
	20
	247.06, 243.54      (-1.42)
	622.72, 619.60      (-0.50)
	954.59, 948.57      (-0.59)
	1095.0, 1090.5    (-0.41)

	2
	20
	249.93, 246.29      (-1.46)
	620.89, 618.14      (-0.44)
	947.01, 942.13      (-0.52)
	1083.5, 1079.6    (-0.37)

	4
	20
	234.55, 232.74 (0.77)
	587.85, 588.09 (0.04)
	912.31, 911.81      (-0.05)
	1047.9, 1047.8    (-0.0)

	6
	20
	205.81, 206.58 (0.37)
	507.63, 508.44 (0.16)
	816.28, 822.41 (0.75)
	950.82, 959.73 (0.94)


As before, it is informative to look at the performance of edge of the cell users. In Table 6, we summarize the performance of the 10th percentile user with and without BFTD. It can be seen that even for VA30 channel type, BFTD increases the 10th percentile users burst rate by up to 14%, thereby providing improvement in cell edge user experience. 

Table 6: 10th Percentile User Burst Rate, VA30

	Number of users/cell
	Penetration Loss (dB)
	10th Percentile User Burst Rate

No TD (kbps), BFTD (kbps)  

(Gain (%))

	
	
	Case A
	Case B
	Case C
	Case D

	1
	10
	246.45, 242.69      (-1.53)
	630.0, 624.66        (-0.85)
	963.64, 954.22      (-0.98)
	1081.4, 1073.4     (-0.74)

	2
	10
	250.49, 246.46       (-1.61)
	633.10, 628.38      (-0.75)
	966.59, 955.59      (-1.14)
	1081.8, 1070.6     (-1.03)

	4
	10
	233.95, 231.52      (-1.04)
	603.14, 599.59      (-0.59)
	946.48, 938.85      (-0.81)
	1056.8, 1049.2     (-0.71)

	6
	10
	196.39, 198.81 (1.23)
	471.0, 479.86 (1.88)
	786.78, 797.22 (1.33)
	886.5, 898.2 (1.32)

	1
	20
	241.41, 238.20      (-1.33)
	614.41, 611.09      (-0.54)
	921.82, 920.78      (-0.11
	996.9, 1002.6 (0.58)

	2
	20
	242.98, 239.90      (-1.27)
	602.07, 607.80 (0.95)
	874.39, 901.98 (3.15)
	937.1, 964.5 (2.92)

	4
	20
	222.11, 222.01      (-0.04)
	502.55, 528.87 (5.24)
	696.36, 755.14 (8.44)
	752.2, 818.1 (8.77)

	6
	20
	171.90, 177.71 (3.38)
	354.41, 366.62 (3.44)
	465.71, 528.65 (13.51)
	537.06, 585.08 (8.94)


Table 7 shows the UE DPCCH transmit power level of the No TD case as well as the gain (reduction) due to BFTD. The reduction from BFTD ranges from 0.4 dB to 0.6 dB for VA30 channel depending on user load and bursty traffic parameters.  
Table 7: Average User DPCCH Transmit Power, VA30

	Number of users/cell
	Penetration Loss (dB)
	Average User DPCCH Transmit Power

No TD (dBm), BFTD Gain (dB) 

	
	
	Case A
	Case B
	Case C
	Case D

	1
	10
	-19.22, 0.48
	-19.36, 0.50
	-19.30, 0.53
	-19.07, 0.54

	2
	10
	-18.65, 0.52
	-18.76, 0.53
	-18.67, 0.57
	-18.44, 0.58

	4
	10
	-16.80, 0.53
	-16.90, 0.54
	-16.91, 0.58
	-16.73, 0.60

	6
	10
	-14.58, 0.57
	-14.69, 0.58
	-14.73, 0.62
	-14.68, 0.62

	1
	20
	-9.32, 0.50
	-9.43, 0.52
	-9.35, 0.55
	-9.13, 0.56

	2
	20
	-8.73, 0.55
	-8.80, 0.57
	-8.70, 0.61
	-8.49, 0.62

	4
	20
	-7.06, 0.54
	-7.10, 0.55
	-7.10, 0.60
	-6.98, 0.61

	6
	20
	-5.01, 0.53
	-5.20, 0.43
	-5.07, 0.57
	-5.07, 0.65


Average Noise Rise statistics for No TD and BFTD are also presented in Appendix for this channel type.
4
Conclusion
In this contribution, system level simulation results for Beamforming Transmit Diversity scheme with Bursty Traffic are presented. Simulations were conducted using the practical reference beamforming algorithm described in [2]. The effect of varying burst sizes and inter-burst time as well the impact of UE state transitions from IDLE to CELL_DCH on BFTD has been captured in these simulations.  
Average UE DPCCH transmit power level reduction ranging from 2.0 dB to 3.4 dB is observed for BFTD in PA3 channel. For VA30, the reduction in DPCCH transmit power level ranges from 0.4 dB 0.6 dB. In an indoor scenario where users experience 20dB penetration loss, this reduction in DPCCH transmit power level translates directly into burst rate gain for cell edge UE’s. This is because the burst rates of cell edge users are most often limited by their headroom and a reduction in transmit pilot power level allows these UE’s to transmit at higher rates.

In general, higher DPCCH transmit power reduction for BFTD is observed with higher burst sizes. This is due to the modeling of UE state transition where the BFTD algorithm gets reset when UE starts transmitting a new burst. With larger burst sizes, the impact from the transient before the BFTD algorithm reaches an equilibrium state is less.

BFTD offers up to 7% gain in average user burst rate in a PA3 channel setting. For VA30 channel, no substantial improvement or degradation in terms of average user burst rate is observed.
In terms of 10th percentile user burst rate, BFTD offers up to 40% improvement for PA3 channel and up to 14% improvement for VA30 channel, thereby improving cell-edge user experience.

Based on the results shown, it is considered that Open Loop Beamforming Transmit Diversity is a promising uplink coverage enhancing scheme that provides gains in many scenarios with Bursty Traffic.
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Appendix A
Table A1: Uplink System Simulation Parameters

	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
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                                                                             = 70 degrees,   Am = 20 dB

	Channel Model
	PA3, VA30

	Penetration loss [dB]
	10, 20

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	–103.16 dBm

	HS-DPCCH
	CQI Feedback Cycle
	1 TTI

	
	ΔACK [dB]
	0

	
	ΔNACK [dB]
	0

	
	ΔCQI [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
	Bursty Traffic

	UE distribution
	Uniform over the area

	Number of UEs per sector
	1, 2, 4, 6

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

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

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%]
	4

	Long term antenna imbalance [dB]
	0

	Short-term antenna imbalance [dB]

(Note 1)
	Gaussian distribution with  µ = 0; σ = 2.25



	UE Tx Antenna Correlation
	0.0

	UE 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

	Noise Rise Target
	7 dB

	UE Category
	CAT 6


Note 1: 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.

B
Appendix B
B.1


Additional Statistics for PA3 Channel
In Table B1, we observe that the Noise Rise increases with higher number of users per cell. The average Noise Rise for BFTD case is slightly lower than the corresponding No TD case especially for higher number of users per cell since BFTD can significantly reduce the amount of out of cell interference in PA3 channel type. 
Table B1: Average Noise Rise, PA3

	Number of users/cell
	Penetration Loss (dB)
	Average Noise Rise

No TD (dB), BFTD (dB) 

	
	
	Case A
	Case B
	Case C
	Case D

	1
	10
	0.43, 0.37 
	0.43, 0.36 
	0.42, 0.35 
	0.41, 0.34 

	2
	10
	0.93, 0.81 
	0.93, 0.80 
	0.92, 0.77 
	0.91, 0.76 

	4
	10
	2.11, 1.81 
	2.12, 1.79 
	2.09, 1.72 
	2.06, 1.67 

	6
	10
	3.73, 3.10 
	3.68, 3.04 
	3.62, 2.92 
	3.57, 2.86 

	1
	20
	0.43, 0.37
	0.42, 0.36
	0.41, 0.35
	0.40, 0.34

	2
	20
	0.92, 0.81
	0.92, 0.79
	0.90, 0.77
	0.89, 0.76

	4
	20
	2.07, 1.79
	2.06, 1.77
	2.02, 1.70
	1.98, 1.66

	6
	20
	3.60, 3.04
	3.54, 2.99
	3.45, 2.86
	3.37, 2.80


B.2


Additional Statistics for VA30 Channel

In Table B2, we observe that the Noise Rise increases with higher number of users per cell. The average Noise Rise for No TD and BFTD is comparable at the same number of user/cell loading since BFTD is not able to reduce the out of cell interference to any significant effect in VA30 channel type. 
Table B2: Average Noise Rise, VA30

	Number of users/cell
	Penetration Loss (dB)
	Average Noise Rise

No TD (dB), BFTD (dB) 

	
	
	Case A
	Case B
	Case C
	Case D

	1
	10
	0.51, 0.50
	0.52, 0.51
	0.53, 0.52
	0.52, 0.51

	2
	10
	1.09, 1.08
	1.14, 1.12
	1.16, 1.13
	1.15, 1.13

	4
	10
	2.48, 2.44
	2.64, 2.59
	2.68, 2.62
	2.65, 2.59

	6
	10
	4.29, 4.21
	4.40, 4.32
	4.44, 4.34
	4.38, 4.29

	1
	20
	0.50, 0.49
	0.51, 0.50
	0.51, 0.50
	0.51, 

	2
	20
	1.06, 1.05
	1.10, 1.09
	1.12, 1.10
	1.11, 1.09

	4
	20
	2.38, 2.35
	2.50, 2.47
	2.52, 2.48
	2.48, 2.44

	6
	20
	4.04, 4.00
	4.10, 4.08
	4.15, 4.11
	4.07, 4.02
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