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1

Introduction

In the previous RAN WG1 #60 meeting, various companies presented system simulation results for open loop Switched Antenna Transmit Diversity (SATD) schemes with Full-Buffer traffic model [1]. However, performance of SATD with Bursty Traffic source was not looked at and was listed as one of the outstanding issues [2]. In this document, we present system simulation results for SATD with Bursty Traffic model.
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 [1]. The results presented here are largely based on the simulation parameters listed in [1] and are provided in Table 1. However, some key differences are listed below:
·    Bursty Traffic Model
·    10dB and 20dB Penetration Loss – 20dB penetration loss simulates an indoor setting in a typical urban deployement, where, penetration through various structures and buildings leads to additional attenuation of the signal.
·    Target 10% BLER after 1st transmission with a maximum of 4 transmissions
·    Equalizer NodeB Receiver – stringent BLER target of 10% after 1st  transmission causes the effective data rate of transmission to be quite high and necessitates the need for an equalizer at NodeB receiver to effectively mitigate multi-path interference.
Table 1: 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, 5

	NodeB Receiver
	Equalizer (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target BLER = 10% after 1st 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


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.
The model used for Bursty-Traffic source is the one described in [4] and is as follows: the burst size is log-normally distributed as in FTP traffic model described in [5] but with the parameters described in Table 2. There is no underlying transport protocol modeled. The inter-burst time is the time between the arrival of two consecutive bursts.

Table 2: Uplink Sytem Simulation Bursty Traffic Model
	Component
	Distribution


	Parameters


	PDF



	File size (S)
	Truncated Lognormal
	Mean = 0.125 Mbytes

Std. Dev. = 0.045 Mbytes

Maximum = 0.3125 Mbytes
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	Inter-burst time
	Exponential
	Mean = 5 sec
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The practical algorithm used for evaluating open loop SATD is the reference antenna switching algorithm of [1]. Hereon, the practical algorithm used for open loop SATD would be referred to simply as the SATD scheme and the baseline is No TD where the UE is equipped with only a single transmit antenna. As a side note, it is worth mentioning that in these simulation results, we do not apply any explicit backoff to the decoding SNR for SATD, unlike R1-101614 [3]. For justification of this and further discussion on NodeB receiver impact due to SATD, we refer the reader to [6].
2.2
System Simulation Performance Metrics
The following metrics have been obtained to evaluate the system level benefits of SATD:

· User Burst Rate
· Cumulative distribution function (CDF) of user burst rate
· Average
· 10th percentile
· User DPCCH Transmit power

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

· Average Sector Throughput

Note that user burst rate is defined as the burst rate of a user averaged over all of its own data bursts. The CDF is then taken over all users, with each point of the CDF corresponding to a particular user. User DPCCH transmit power is defined in an analogous way.
3
System Simulation Results
3.1

System Simulation Results for PA3 Channel
Figures 1 and 2 present the CDF of user burst rates for PA3 channel for 10dB and 20 dB penetration loss respectively. It can be seen that SATD offers improvement over No TD at all percentiles of user burst rates. The average UE burst rates for each scheme and relative gain of SATD over baseline are further quantified in Table 3.
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   Figure 1: CDF of UE Burst Rate, Penetration Loss = 10dB


    Figure 2: CDF of UE Burst Rate, Penetration Loss = 20dB

Table 3: Average User Burst Rate

	Cases
	Average User Burst Rate

No TD (Mbps) , SATD (Mbps)
	Gain (%)

	Number of  users/cell
	Penetration Loss (dB)
	
	

	1
	10
	6.09, 6.20
	1.79

	2
	10
	5.39, 5.51
	2.11

	4
	10
	4.04, 4.16
	2.96

	5
	10
	3.29, 3.41
	3.72

	1
	20
	4.67, 4.86
	4.23

	2
	20
	4.20, 4.39
	4.63

	4
	20
	3.25, 3.42
	5.37

	5
	20
	2.72, 2.85
	4.93


One of the main advantages of SATD 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), SATD helps to alleviate the headroom limitations of these users. For this reason, we summarize the performance of the 10th percentile user with and without SATD in Table 4. It can be observed that SATD increases the 10th percentile user burst rate by up to 22%, thereby providing a significant improvement in edge of the cell user experience. This results in a ripple effect, where even users closer to cell centre experience improved burst rates. This is because the cell edge users are able to finish their bursts quicker causing less collision and contention for system resources (such as Noise Rise available for scheduling) with cell centre users. 
From Table 4, it is also observed that the 10th percentile users experience greater increase in their burst rate with 20dB penetration loss as compared to 10dB penetration loss scenario. 
Table 4: 10th percentile User Burst Rate

	Cases
	10th percentile User Burst Rate

No TD (Mbps) , SATD (Mbps)
	Gain (%)

	Number of  users/cell
	Penetration Loss (dB)
	
	

	1
	10
	4.85, 4.97
	2.38

	2
	10
	4.33, 4.43
	2.32

	4
	10
	3.15, 3.28
	4.16

	5
	10
	2.40, 2.53
	5.27

	1
	20
	1.31, 1.54
	17.22

	2
	20
	1.09, 1.29
	19.15

	4
	20
	0.80, 0.98
	21.97

	5
	20
	0.66, 0.80
	21.61


Table 5 shows the gain (reduction) in UE DPCCH transmit power level due to SATD. Across different user loads, SATD can reduce the DPCCH transmit power level by approximately 1dB for PA3 channel.  As stated earlier, the reduction in UE DPCCH transmit power due to SATD directly helps in improving the burst rate of cell-edge users by alleviating their headroom limitation. 
Table 5: Average User DPCCH Transmit Power

	Cases
	Average User DPCCH Transmit Power of No TD (dBm)
	Gain (dB)

	Number of  users/cell
	Penetration Loss (dB)
	
	

	1
	10
	-17.26
	1.07

	2
	10
	-16.42
	1.08

	4
	10
	-14.86
	1.01

	5
	10
	-14.06
	0.98

	1
	20
	-7.56
	1.07

	2
	20
	-6.89
	1.11

	4
	20
	-5.62
	1.04

	5
	20
	-4.90
	1.03


Some additional statistics such as sector throughput as a  function of the number of bursty users per cell and average Noise Rise are presented in the Appendix.
3.2

System Simulation Results for VA30 Channel
Figures 3 and 4 present the CDF of user burst rates for VA30 channel for 10dB and 20 dB penetration loss respectively. The average UE burst rates for each scheme and relative gain of SATD over No TD are further quantified in Table 6. It is observed that the gains of  SATD over the baseline have reduced for this channel type as compared to PA3.
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Figure 3: CDF of UE Burst Rate, Penetration Loss = 10dB        

    Figure 4: CDF of UE Burst Rate, Penetration Loss = 20dB
Table 6: Average User Burst Rate
	Cases
	Average User Burst Rate

No TD (Mbps) , SATD (Mbps)
	Gain (%)

	Number of  users/cell
	Penetration Loss (dB)
	
	

	1
	10
	4.59, 4.61
	0.40

	2
	10
	3.96, 3.98
	0.50

	4
	10
	2.55, 2.56
	0.48

	5
	10
	1.53, 1.54
	0.61

	1
	20
	3.65, 3.72
	1.78

	2
	20
	3.17, 3.23
	2.11

	4
	20
	2.10, 2.13
	1.54

	5
	20
	1.44, 1.47
	2.60


As before, it is informative to look at the performance of edge of the cell users. In Table 7, we summarize the performance of the 10th percentile user with and without SATD. It can be seen that even for VA30 channel type, SATD increases the 10th percentile users burst rate by up to 18%, thereby providing improvement in cell edge user experience. 
Table 7: 10th percentile User Burst Rate
	Cases
	10th percentile User Burst Rate

No TD (Mbps) , SATD (Mbps)
	Gain (%)

	Number of  users/cell
	Penetration Loss (dB)
	
	

	1
	10
	3.82, 3.81
	-0.33

	2
	10
	3.23, 3.25
	0.64

	4
	10
	1.84, 1.86
	0.74

	5
	10
	0.79, 0.78
	-1.08

	1
	20
	0.98, 1.14
	16.37

	2
	20
	0.69, 0.81
	17.57

	4
	20
	0.41, 0.48
	17.27

	5
	20
	0.25, 0.30
	17.92


Table 8 shows the gain (reduction) in UE DPCCH transmit power level from SATD. Across different user loads, SATD can reduce the DPCCH transmit power level by approximately 0.4dB.  This reduction in UE DPCCH transmit power helps in improving the burst rate of cell-edge users as already observed from Table 7.

Table 8: Average User DPCCH Transmit Power
	Cases
	Average User DPCCH Transmit Power of No TD (dBm)
	Gain (dB)

	Number of  users/cell
	Penetration Loss (dB)
	
	

	1
	10
	-16.92
	0.43

	2
	10
	-15.87
	0.42

	4
	10
	-13.90
	0.36

	5
	10
	-12.67
	0.31

	1
	20
	-7.21
	0.44

	2
	20
	-6.23
	0.45

	4
	20
	-4.54
	0.38

	5
	20
	-3.59
	0.37


Sector throughput as a  function of the number of bursty users per cell and average Noise Rise statistics are also presented in the Appendix.
4
Conclusion
In this contribution, system level simulation results for Switched Antenna Transmit Diversity scheme with Bursty Traffic are presented. Simulations were conducted using the practical antenna switching algorithm described in [1]. 
UE DPCCH transmit power level reduction of approximately 1dB is observed for SATD in PA3 channel. For VA30, the reduction in DPCCH transmit power level is approximately 0.4dB. In an indoor scenario where users experience 20dB penetration loss, this reduction in DPCCH transmit power level translates directly into average 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.

SATD offers higher average burst rate gain in a PA3 channel setting as compared to a VA30 channel.  For 10th percentile user burst rate, SATD offers improvement for both PA3 and VA30 channels, thereby improving cell-edge user experience.
Based on the results shown, it is considered that Switched Antenna Transmit Diversity is a promising uplink coverage enhancing scheme that provides significant gains in many scenarios with Bursty Traffic.

References
[1] R1-101700, “TR25.863 text proposal based on RAN1 study”, Qualcomm Incorporated.

[2] R1-101699, “LS on RAN1 Findings on UL Transmit Diversity for HSPA and TP to 25.863 TR”, TSG RAN WG1.
[3] R1-101614, “ System simulation results for switched antenna diversity”, Qualcomm Incorporated.

[4] R1-090508, “System Simulation Assumptions for Dual Carrier HSUPA Operation”, Qualcomm Europe, Ericsson, Samsung, Nokia, Nokia Siemens Networks, Huawei.
[5] R1-081706, “Simulation Assumptions for DC HSDPA Performance Evaluations”, Qualcomm Europe, Ericsson, Nokia, Nokia Siemens Networks.
[6] R1-102003, “Analysis on NodeB Rx receiver impact due to SATD”, Qualcomm Incorporated.

5
Appendix
5.1


Additional Statistics for PA3 Channel

In this section, we provide some additional statistics for PA3 Channel. 

From Figures 5 and 6, it can be seen that the sector throughput increases proportional to the number of Bursty Traffic users per cell. This is due to the nature of the Bursty Traffic source, where each user on average contributes 200kbps to system load.
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Figure 5: Sector Throughput vs. Number of Users, 

Figure 6: Sector Throughput vs. Number of Users, 

Penetration Loss = 10dB









Penetration Loss = 20dB
In Table 9, we observe that the Noise Rise increases with higher number of users per cell. Also, the average Noise Rise is much less than the Noise Rise target of 7dB owing to the bursty nature of the traffic source.
Table 9: Average Noise Rise
	Cases
	Average Noise Rise
No TD (dB) , SATD (dB)

	Number of  users/cell
	Penetration Loss (dB)
	

	1
	10
	1.11, 1.12

	2
	10
	2.08, 2.11

	4
	10
	3.59, 3.66

	5
	10
	4.21, 4.27 

	1
	20
	0.79, 0.81

	2
	20
	1.53, 1.57

	4
	20
	2.84, 2.90

	5
	20
	3.50, 3.54


5.2


Additional Statistics for VA30 Channel

In this section, we provide some additional statistics for VA30 Channel. 

From Figures 7 and 8, it can be seen that the sector throughput increases proportional to the number of Bursty Traffic users per cell. This is due to the nature of the Bursty Traffic source, where each user on average contributes 200kbps to system load.
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Figure 7: Sector Throughput vs. Number of Users, 

Figure 8: Sector Throughput vs. Number of Users, 

Penetration Loss = 10dB









Penetration Loss = 20dB
In Table 10, we observe that the Noise Rise increases with higher number of users per cell. Also, the average Noise Rise is much less than the Noise Rise target of 7dB owing to the bursty nature of the traffic source.

Table 10: Average Noise Rise
	Cases
	Average Noise Rise
No TD (dB) , SATD (dB)

	Number of  users/cell
	Penetration Loss (dB)
	

	1
	10
	1.31, 1.32

	2
	10
	2.46, 2.49

	4
	10
	4.26, 4.33

	5
	10
	5.22, 5.29

	1
	20
	1.00, 1.01

	2
	20
	1.93, 1.97

	4
	20
	3.67, 3.71

	5
	20
	4.63, 4.68


� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








[image: image13.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

[image: image14.wmf]dB

3

q

[image: image15.wmf]2

.

0

0

,

=

³

-

=

l

l

l

x

x

e

f

x

_1331572702.unknown

_1331574878.unknown

_1331572720.unknown

_1269167373.unknown

