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1

Introduction

This document is an update to R1-101339 [4]. We present results for 10 users/cell in addition to those presented in [4]. Sections 2.1, 3.1.3, 3.2.3, 3.3.3, 3.4.3, 3.5.3, 3.6.3 and 4 reflect the changes pertaining to the new results. The observations in Section 4 and conclusion in Section 5 remains unchanged.
In the previous RAN WG1 #59bis meeting, a set of reference cases was agreed upon for the purpose of calibrating system simulation results for open loop uplink transmit diversity [1]. In this document, we present system simulation results for Open Loop Switched Antenna Transmit Diversity (OL SATD) for reference cases defined in [1], as well as additional simulation scenarios of interest.
2

System Simulation Setup
2.1

System Simulation Parameters
An updated set of system simulation assumptions was agreed upon in the previous RAN WG1 #59bis meeting [2] for evaluation of open loop transmit diversity schemes. The simulation results provided in this document are a subset of the suite of simulations proposed. The simulation settings that pertain specifically to the results shown here for OL SATD are given in Table 1.
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, 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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	Channel Model
	PA0.1, PA3, VA30

	Penetration loss [dB]
	10

	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
	Full buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 4, 10

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

	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]
	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


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.
Furthermore, in our system simulations, to model the channel estimation loss incurred at the receiver due to antenna switching, we apply a constant backoff to decoding SNR, every TTI, for SATD based on Table 2. For further discussion on receiver SNR loss due to antenna switching, we refer the reader to [3].
Table 2: Decoding SNR backoff for SATD for System Simulation
	Channel Type
	Decoding SNR Backoff

	PA0.1
	0.2 dB

	PA3
	0.3 dB

	VA30
	0.2 dB


Note that modeling of the SNR backoff represents a rather pessimistic view of the network impact. The effects of phase discontinuity, SNR variations etc., are already captured in the effective set point observed at the NodeB. This backoff represents the impact to the set-point alone. However, since the link simulations (based on which these backoff values were obtained) already did capture the impacts of phase discontinuity, we are in some sense double counting a portion of the Rx loss.

An alternate model would be to apply a loss to the decoding SNR only at times of an actual antenna switch and not every TTI. Arguably, a loss applied only at switching instants would be higher than the long term average loss shown in Table 2. One can think of the model simulated here as taking a longer term approach, whereby, applying an average loss every TTI.   
2.2
System Simulation Metrics
The following metrics have been obtained to evaluate the system level benefits of OL SATD:

· User Throughput

· Cumulative distribution function (CDF) of the user throughput

· Average
· 10th, 30th, 50th, and 90thpercentile 
· UE Mean DPCCH Transmit power

· Cumulative distribution function (CDF) of the UE Mean DPCCH transmit power
· Average
· 10th, 30th, 50th, and 90thpercentile 

· Noise Rise or Rise Over Thermal (Noise Rise)

· Average

· 90th percentile
Note that UE Mean DPCCH Transmit Power is defined as the time-average DPCCH transmit power of a UE. The CDF is then taken over all UE’s, with each point of the CDF corresponding to a particular UE.

2.3
Practical Algorithm for OL SATD
In this document, we present system simulation results for the OL SATD algorithm described in [1]. For completeness, the algorithm is reproduced in the following:

1. Let TPC command DOWN be represented by -1 and TPC command UP by +1. Then let the UE accumulate all received TPC commands. 

2. At each frame border the accumulated TPC sum is compared with 0. If the sum is larger than 0 the transmit antenna is switched.

3. If the same transmit antenna has been used for 14 consecutive frames the UE automatically switches antenna.

4. Every time an antenna switch occurs the accumulated TPC sum is reset to 0

Note that the “period of extended use” is set to 14 frames. Also, the UE accumalates TPC commands continuously as long as an antenna switch does not occur. 
Hereon, the OL SATD algorithm above is referred to as practical SATD scheme and the baseline is no transmit diversity where UE is equipped with only single transmit antenna.
3
System Simulation Results
In this section, we present system simulation results for the practical SATD scheme. The performance of this scheme is compared with the baseline (no transmit diversity). For readers interested only in high level summary of results and observations, please refer directly to Section 4.
Some additional characteristics of the simulation are:

· Antenna switches occur at most once every radio frame

· Once a switch is deemed necessary, it occurs instantaneously (no discernable delay)

· The NodeB receiver is unaware of the antenna switching scheme, i.e., the channel estimation, decoder etc. remain unchanged. However, to capture channel estimation loss due to switching, we apply a backoff to decoding SNR for SATD as described in Section 2.1
· The UE obeys the UL power control commands even at the times when the UE switches antennas
3.1


PA 3kmph, ISD = 1km
3.1.1 

0.25 BE users/cell
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Table 1: UE DPCCH Transmit Power Statistics, PA 3kmph, ISD = 1km, 0.25 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-18.48
	-30.79
	-22.28
	-17.31
	-7.45

	SATD                    
	Pwr (dBm)
	-19.76
	-32.91
	-23.83
	-18.48
	-8.37

	
	Gain (dB)
	1.28
	2.12
	1.55
	1.17
	0.92


Table 2: UE Throughput Statistics, PA 3kmph, ISD = 1km, 0.25 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	1233.7
	1206.1
	1213.3
	1219.5
	1293.0

	SATD                        
	Tput (kpbs)
	1269.3
	1238.4
	1248.6
	1257.9
	1330.2

	
	Tput Gain (%)
	2.89
	2.68
	2.92
	3.15
	2.87


Table 3: Noise Rise Statistics, PA 3kmph, ISD = 1km, 0.25 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	1.38
	1.84

	SATD
	1.47
	1.86


3.1.2 

4 BE users/cell
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Table 4: UE DPCCH Transmit Power Statistics, PA 3kmph, ISD = 1km, 4 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-11.99
	-25.23
	-15.82
	-10.79
	-0.65

	SATD                    
	Pwr (dBm)
	-13.19
	-27.02
	-17.3
	-12.01
	-1.49

	
	Gain (dB)
	1.2
	1.8
	1.48
	1.22
	0.84


Table 5: UE Throughput Statistics, PA 3kmph, ISD = 1km, 4 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	498.7
	314.9
	424.6
	497.8
	684.9

	SATD                        
	Tput (kpbs)
	500
	307
	424.7
	501.8
	688.8

	
	Tput Gain (%)
	0.27
	-2.5
	0.02
	0.81
	0.56


Table 6: Noise Rise Statistics, PA 3kmph, ISD = 1km, 4 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.53
	7.67

	SATD
	6.44
	7.71


3.1.3 

10 BE users/cell
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Table 7: UE DPCCH Transmit Power Statistics, PA 3kmph, ISD = 1km, 10 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-11.25
	-23.92
	-14.94
	-10.34
	-0.06

	SATD                    
	Pwr (dBm)
	-12.23
	-25.07
	-16.12
	-11.27
	-0.79

	
	Gain (dB)
	0.98
	1.15
	1.19
	0.93
	0.73


Table 8: UE Throughput Statistics, PA 3kmph, ISD = 1km, 10 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	136.1
	100.6
	123.6
	137.2
	167.5

	SATD                        
	Tput (kpbs)
	133.5
	95.0
	118.2
	133.9
	164.0

	
	Tput Gain (%)
	-1.92
	-5.64
	-4.37
	-2.4
	-2.12


Table 9: Noise Rise Statistics, PA 3kmph, ISD = 1km, 10 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.40
	7.07

	SATD
	6.39
	7.15


3.2


PA 3kmph, ISD = 2.8km
3.2.1 

0.25 BE users/cell
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Table 10: UE DPCCH Transmit Power Statistics, PA 3kmph, ISD = 2.8km, 0.25 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-2.51
	-15.58
	-6.98
	-1.56
	8.97

	SATD                    
	Pwr (dBm)
	-3.81
	-16.9
	-8.1
	-2.82
	7.9

	
	Gain (dB)
	1.3
	1.32
	1.12
	1.26
	1.08


Table 11: UE Throughput Statistics, PA 3kmph, ISD = 2.8km, 0.25 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	888.5
	157.8
	645.6
	1193.6
	1230.9

	SATD                        
	Tput (kpbs)
	940.7
	190
	751.4
	1222.5
	1270

	
	Tput Gain (%)
	5.88
	20.36
	16.38
	2.42
	3.17


Table 12: Noise Rise Statistics, PA 3kmph, ISD = 2.8km, 0.25 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	0.95
	1.45

	SATD
	1.05
	1.43


Two distinct regions can be identified from the distribution of UE throughput plotted above. In a partially loaded system such as one considered here, the top 50% of UE’s are transmitting largest payload almost all the time and receive very similar throughput. The bottom 50% are headroom limited (2.8km ISD), and the throughput decreases steadily depending on the severity of headroom limitation. The sharp transition from one region into another can be accredited to 100ms filtering of the headroom reported in SI and a 1dB quantization of grants received on E-AGCH and E-RGCH.   

3.2.2 

4 BE users/cell
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Table 13: UE DPCCH Transmit Power Statistics, PA 3kmph, ISD = 2.8km, 4 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	4.01
	-10.1
	-0.53
	5.79
	16.27

	SATD                    
	Pwr (dBm)
	2.61
	-11.37
	-1.71
	3.96
	15.24

	
	Gain (dB)
	1.4
	1.27
	1.17
	1.82
	1.03


Table 14: UE Throughput Statistics, PA 3kmph, ISD = 2.8km, 4 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	569.6
	40.3
	260.7
	592.6
	1096.4

	SATD                        
	Tput (kpbs)
	579.6
	61.3
	300
	618
	1070.7

	
	Tput Gain (%)
	1.75
	52.3
	15.1
	4.3
	-2.3


Table 15: Noise Rise Statistics, PA 3kmph, ISD = 2.8km, 4 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	5.90
	6.9

	SATD
	6.0
	7.05


3.2.3 

10 BE users/cell
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Table 16: UE DPCCH Transmit Power Statistics, PA 3kmph, ISD = 2.8km, 10 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	4.63
	-8.48
	0.72
	5.88
	16.56

	SATD                    
	Pwr (dBm)
	3.34
	-9.75
	-0.47
	4.56
	15.35

	
	Gain (dB)
	1.29
	1.27
	1.19
	1.32
	1.21


Table 17: UE Throughput Statistics, PA 3kmph, ISD = 2.8km, 10 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	162.0
	12.2
	87.9
	166.3
	296.7

	SATD                        
	Tput (kpbs)
	160.8
	20.5
	101.0
	163.1
	282.5

	
	Tput Gain (%)
	-0.78
	68.44
	14.97
	-1.96
	-4.8


Table 18: Noise Rise Statistics, PA 3kmph, ISD = 2.8km, 10 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.4
	6.88

	SATD
	6.39
	7.11


3.3


VA 30kmph, ISD = 1km
3.3.1 

0.25 BE users/cell
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Table 19: UE DPCCH Transmit Power Statistics, VA 30kmph, ISD = 1km, 0.25 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-18.6
	-31.84
	-22.79
	-17.33
	-6.95

	SATD                    
	Pwr (dBm)
	-18.73
	-32.25
	-22.95
	-17.5
	-7.09

	
	Gain (dB)
	0.12
	0.41
	0.16
	0.18
	0.14


Table 20: UE Throughput Statistics, VA 30kmph, ISD = 1km, 0.25 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	1327.2
	1312.5
	1331.1
	1337.5
	1352.4

	SATD                        
	Tput (kpbs)
	1345.5
	1327.3
	1346.5
	1354.1
	1376.4

	
	Tput Gain (%)
	1.38
	1.12
	1.16
	1.24
	1.78


Table 21: Noise Rise Statistics, VA 30kmph, ISD = 1km, 0.25 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	1.92
	2.64

	SATD
	2.05
	2.95


3.3.2 

4 BE users/cell
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Table 22: UE DPCCH Transmit Power Statistics, VA 30kmph, ISD = 1km, 4 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-12.89
	-26.82
	-17.04
	-11.69
	-0.84

	SATD                    
	Pwr (dBm)
	-13.07
	-27.09
	-17.39
	-11.81
	-0.99

	
	Gain (dB)
	0.17
	0.27
	0.35
	0.12
	0.15


Table 23: UE Throughput Statistics, VA 30kmph, ISD = 1km, 4 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	475.4
	249
	419.9
	503.7
	635.2

	SATD                        
	Tput (kpbs)
	453
	221.8
	375.7
	477.4
	626.6

	
	Tput Gain (%)
	-4.72
	-10.93
	-10.52
	-5.22
	-1.35


Table 24: Noise Rise Statistics, VA 30kmph, ISD = 1km, 4 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.4
	7.29

	SATD
	6.43
	7.46


3.3.3 

10 BE users/cell
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Table 25: UE DPCCH Transmit Power Statistics, VA 30kmph, ISD = 1km, 10 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-12.15
	-25.4
	-16.12
	-11.22
	-0.31

	SATD                    
	Pwr (dBm)
	-12.32
	-25.48
	-16.31
	-11.4
	-0.43

	
	Gain (dB)
	0.17
	0.08
	0.19
	0.18
	0.12


Table 26: UE Throughput Statistics, VA 30kmph, ISD = 1km, 10 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	128.4
	95.6
	114.3
	131.3
	159.5

	SATD                        
	Tput (kpbs)
	121.6
	90.8
	106.6
	121.4
	153.9

	
	Tput Gain (%)
	-5.31
	-4.93
	-6.75
	-7.55
	-3.46


Table 27: Noise Rise Statistics, VA 30kmph, ISD = 1km, 10 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.23
	6.47

	SATD
	6.26
	6.78


3.4


VA 30kmph, ISD = 2.8km
3.4.1 

0.25 BE users/cell
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Table 28: UE DPCCH Transmit Power Statistics, VA 30kmph, ISD = 2.8km, 0.25 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-3.05
	-16.13
	-7.11
	-1.82
	8.44

	SATD                    
	Pwr (dBm)
	-3.23
	-16.26
	-7.23
	-1.95
	8.26

	
	Gain (dB)
	0.18
	0.14
	0.12
	0.13
	0.18


Table 29: UE Throughput Statistics, VA 30kmph, ISD = 2.8km, 0.25 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	937.8
	138.4
	616.6
	1257.8
	1341.1

	SATD                        
	Tput (kpbs)
	962
	145.9
	656.4
	1283.4
	1360.5

	
	Tput Gain (%)
	2.58
	5.41
	6.45
	2.03
	1.44


Table 30: Noise Rise Statistics, VA 30kmph, ISD = 2.8km, 0.25 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	1.28
	2.04

	SATD
	1.38
	2.15


Two distinct regions can be identified from the distribution of UE throughput plotted above. In a partially loaded system such as one considered here, the top 50% of UE’s are transmitting largest payload almost all the time and receive very similar throughput. The bottom 50% are headroom limited (2.8km ISD), and the throughput decreases steadily depending on the severity of headroom limitation. The sharp transition from one region into another can be accredited to 100ms filtering of the headroom reported in SI and a 1dB quantization of grants received on E-AGCH and E-RGCH.  
3.4.2 

4 BE users/cell
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Table 31: UE DPCCH Transmit Power Statistics, VA 30kmph, ISD = 2.8km, 4 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	2.93
	-10.73
	-1.07
	4.23
	15.87

	SATD                    
	Pwr (dBm)
	2.78
	-10.92
	-1.2
	4.02
	15.57

	
	Gain (dB)
	0.15
	0.19
	0.13
	0.21
	0.3


Table 32: UE Throughput Statistics, VA 30kmph, ISD = 2.8km, 4 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	544.6
	33.3
	238
	558.4
	1065.4

	SATD                        
	Tput (kpbs)
	524.5
	39.2
	241
	547.5
	1017.8

	
	Tput Gain (%)
	-3.69
	17.85
	1.27
	-1.95
	-4.46


Table 33: Noise Rise Statistics, VA 30kmph, ISD = 2.8km, 4 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.22
	7.14

	SATD
	6.26
	7.29


3.4.3 

10 BE users/cell
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Table 34: UE DPCCH Transmit Power Statistics, VA 30kmph, ISD = 2.8km, 10 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	3.36
	-9.82
	-0.27
	4.84
	14.9

	SATD                    
	Pwr (dBm)
	3.10
	-9.88
	-0.69
	4.65
	14.48

	
	Gain (dB)
	0.26
	0.06
	0.42
	0.19
	0.42


Table 35: UE Throughput Statistics, VA 30kmph, ISD = 2.8km, 10 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	161.7
	14.5
	74.3
	156.7
	324.5

	SATD                        
	Tput (kpbs)
	149.3
	16.4
	73.8
	152.5
	295

	
	Tput Gain (%)
	-7.68
	13.46
	-0.67
	-2.71
	-9.07


Table 36: Noise Rise Statistics, VA 30kmph, ISD = 2.8km, 10 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.35
	6.99

	SATD
	6.31
	6.82


3.5


PA 0.1kmph, ISD = 1km
3.5.1 

0.25 BE users/cell
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Table 37: UE DPCCH Transmit Power Statistics, PA 0.1kmph, ISD = 1km, 0.25 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-18.79
	-31.02
	-22.63
	-17.59
	-7.65

	SATD                    
	Pwr (dBm)
	-20.93
	-34.04
	-25.10
	-19.61
	-9.46

	
	Gain (dB)
	2.14
	3.02
	2.46
	2.03
	1.80


Table 38: UE Throughput Statistics, PA 0.1kmph, ISD = 1km, 0.25 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	1200.4
	1194.9
	1202.4
	1206.2
	1216.9

	SATD                        
	Tput (kpbs)
	1246.6
	1230.6
	1239.6
	1247.5
	1272.8

	
	Tput Gain (%)
	3.85
	2.98
	3.10
	3.43
	4.59


Table 39: Noise Rise Statistics, PA 0.1kmph, ISD = 1km, 0.25 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	1.31
	1.64

	SATD
	1.33
	1.64


3.5.2 

4 BE users/cell
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Table 40: UE DPCCH Transmit Power Statistics, PA 0.1kmph, ISD = 1km, 4 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-12.58
	-25.80
	-16.38
	-11.4
	-1.17

	SATD                    
	Pwr (dBm)
	-14.57
	-28.4
	-18.77
	-13.29
	-2.83

	
	Gain (dB)
	1.99
	2.6
	2.39
	1.88
	1.66


Table 41: UE Throughput Statistics, PA 0.1kmph, ISD = 1km, 4 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	544
	328.5
	451.2
	542
	763

	SATD                        
	Tput (kpbs)
	580.1
	363.4
	488.6
	582.7
	801.5

	
	Tput Gain (%)
	6.65
	10.62
	8.28
	7.51
	5.04


Table 42: Noise Rise Statistics, PA 0.1kmph, ISD = 1km, 4 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.54
	7.1

	SATD
	6.38
	7.37


3.5.3 

10 BE users/cell
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Table 43: UE DPCCH Transmit Power Statistics, PA 0.1kmph, ISD = 1km, 10 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-11.62
	-24.18
	-15.24
	-10.65
	-0.49

	SATD                    
	Pwr (dBm)
	-13.51
	-26.42
	-17.36
	-12.59
	-2.09

	
	Gain (dB)
	1.89
	2.24
	2.12
	1.94
	1.6


Table 44: UE Throughput Statistics, PA 0.1kmph, ISD = 1km, 10 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	147.4
	102.8
	126.7
	141.8
	199.8

	SATD                        
	Tput (kpbs)
	157.8
	116.1
	139.2
	152.7
	200.3

	
	Tput Gain (%)
	7.05
	12.88
	9.84
	7.70
	0.26


Table 45: Noise Rise Statistics, PA 0.1kmph, ISD = 1km, 10 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.33
	6.74

	SATD
	6.21
	6.86


3.6


PA 0.1kmph, ISD = 2.8km
3.6.1 

0.25 BE users/cell
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Table 46: UE DPCCH Transmit Power Statistics, PA 0.1kmph, ISD = 2.8km, 0.25 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-3.0
	-15.45
	-7.14
	-1.90
	8.11

	SATD                    
	Pwr (dBm)
	-5.07
	-17.92
	-9.26
	-3.97
	6.59

	
	Gain (dB)
	2.07
	2.47
	2.12
	2.07
	1.52


Table 47: UE Throughput Statistics, PA 0.1kmph, ISD = 2.8km, 0.25 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	894.3
	216
	742
	1117.5
	1208.5

	SATD                        
	Tput (kpbs)
	981.6
	297.4
	918.7
	1217.7
	1254.1

	
	Tput Gain (%)
	9.76
	37.66
	23.8
	8.96
	3.77


Table 48: Noise Rise Statistics, PA 0.1kmph, ISD = 2.8km, 0.25 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	0.92
	1.31

	SATD
	1.02
	1.48


Two distinct regions can be identified from the distribution of UE throughput plotted above. In a partially loaded system such as one considered here, the top 50% of UE’s are transmitting largest payload almost all the time and receive very similar throughput. The bottom 50% are headroom limited (2.8km ISD), and the throughput decreases steadily depending on the severity of headroom limitation. The sharp transition from one region into another can be accredited to 100ms filtering of the headroom reported in SI and a 1dB quantization of grants received on E-AGCH and E-RGCH.  
3.6.2 

4 BE users/cell
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Table 49: UE DPCCH Transmit Power Statistics, PA 0.1kmph, ISD = 2.8km, 4 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	3.0
	-10.31
	-0.7
	4.57
	14.63

	SATD                    
	Pwr (dBm)
	0.99
	-12.46
	-2.99
	2.24
	13.55

	
	Gain (dB)
	2.01
	2.16
	2.3
	2.33
	1.09


Table 50: UE Throughput Statistics, PA 0.1kmph, ISD = 2.8km, 4 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	645
	104.8
	421.5
	710.3
	1095.9

	SATD                        
	Tput (kpbs)
	674.4
	124
	469.5
	738.8
	1121.2

	
	Tput Gain (%)
	4.56
	18.37
	13.8
	4.01
	2.31


Table 51: Noise Rise Statistics, PA 0.1kmph, ISD = 2.8km, 4 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.01
	6.72

	SATD
	6.05
	6.99


3.6.3 

10 BE users/cell
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Table 52: UE DPCCH Transmit Power Statistics, PA 0.1kmph, ISD = 2.8km, 10 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	4.09
	-8.7
	0.59
	5.77
	15.22

	SATD                    
	Pwr (dBm)
	2.11
	-10.84
	-1.7
	3.65
	13.68

	
	Gain (dB)
	1.98
	2.14
	2.29
	2.12
	1.55


Table 53: UE Throughput Statistics, PA 0.1kmph, ISD = 2.8km, 10 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	202.3
	37.7
	120.5
	204
	354.8

	SATD                        
	Tput (kpbs)
	204.2
	44.3
	138
	207.7
	343.1

	
	Tput Gain (%)
	0.94
	17.38
	14.53
	1.81
	-3.3


Table 54: Noise Rise Statistics, PA 0.1kmph, ISD = 2.8km, 10 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.51
	6.78

	SATD
	6.42
	6.96


4
Observations

In Tables 55 and 56  we summarize the system performance benefit to SATD in terms of the following metrics:

· Average UE DPCCH transmit power

· 10 percentile user throughput

Table 55: Summary of average UE DPCCH transmit power gains due to SATD

	Cases
	Average UE DPCCH transmit power gain

	ISD [km]
	Number of BE users/cell
	Channel type

	
	
	PA 0.1 km/hr
	PA 3 km/hr
	VA 30 km/hr

	2.8
	0.25
	2.07 dB
	1.3 dB
	0.18 dB

	2.8
	4
	2.01 dB
	1.4 dB
	0.15 dB

	2.8
	10
	1.98 dB
	1.29 dB
	0.26 dB

	1
	0.25
	2.14 dB
	1.28 dB
	0.12 dB

	1
	4
	1.99 dB
	1.2 dB
	0.17 dB

	1
	10
	1.89 dB
	0.98 dB
	0.17 dB


Table 56: Summary of 10 percentile user throughput gains due to SATD

	Cases
	10 percentile user throughput gain

	ISD [km]
	Number of BE users/cell
	Channel type

	
	
	PA 0.1 km/hr
	PA 3 km/hr
	VA 30 km/hr

	2.8
	0.25
	37.66%
	20.36%
	5.41%

	2.8
	4
	18.37%
	52.3%
	17.85%

	2.8
	10
	17.38%
	68.44%
	13.46%

	1
	0.25
	2.98%
	2.68%
	1.12%

	1
	4
	10.62%
	-2.5% (*)
	-10.93%

	1
	10
	12.88%
	-5.64%
	-4.93%


(*) UE throughput cdf of NoTD and SATD  for PA3, 1km ISD, 4 users/cell are very close as can be seen        from Section 3.1.2. The slight loss shown here can be attributed to statistical error.
The following observations can be made from this study:

· Promising gains in terms of UE DPCCH transmit power level reduction is observed for SATD over NoTD for both 1km and 2.8km ISD. The reduction in UE DPCCH transmit power level is consistent with values observed in link simulation results.

· Overall, SATD provides higher UE DPCCH transmit power level reduction for stationary/pedestrian channels such as PA 0.1kmph and PA 3kmph compared with the case of VA 30kmph channel type. 

· UE DPCCH transmit power level reduction translates directly into throughput gain for cell edge UE’s in 2.8km ISD scenario for SATD. This is because reduction in transmit pilot power level alleviates the headroom limitations of cell-edge UE’s allowing them to transmit at higher rate.
· PA0.1 channel type with 10dB penetration loss applied to all UE’s corresponds to a stationary channel in an indoor setting. The gains for this scenario are significant for both 1km and 2.8km cell sizes both in terms of 10 percentile UE throughput as well as overall mean UE throughput. 
· UE’s experiencing PA3 channel type get higher throughput with SATD compared with NoTD at edge of cell for 2.8km ISD. However, due to relatively large receiver loss (0.3dB) for this channel, the overall cell throughput gain is limited.
· For VA30 channel type, SATD UE’s experience only limited gains in terms of transmit power reduction or throughput. However, even for this channel type, cell edge UE’s in 2.8km ISD experience some throughput gains with SATD.   
· From mean and 90 percentile values of Noise Rise, it can be seen that  the impact to Noise Rise from antenna switching in SATD is not significant and is typically less than 0.1 dB.
· The impact to NodeB receiver on account of antenna switching has been captured in these simulations by applying a constant backoff to decoding SNR for SATD. Overall, this has a dampening effect on average user throughput gains of SATD since the additional received power at Node-B to compensate for SNR loss reduces the schedulable Noise Rise budget for E-DCH transmissions.
5 
Conclusion
In this contribution, system level simulation results for Switched Antenna Transmit Diversity scheme are presented. Simulations were conducted using the practical antenna switching algorithm described in [1]. The impact to NodeB receiver on account of antenna switching has been captured by applying a constant backoff to decoding SNR for SATD.
Significant reduction in UE DPCCH transmit power levels is observed for SATD for PA3kmph and PA0.1kmph channel types and all cell sizes. For VA30kmph, the reduction in DPCCH transmit power level is limited. In large ISD scenario of 2.8km, this reduction in DPCCH transmit power level translates directly into throughput gain for cell edge UE’s. This is because cell edge UE’s are headroom limited in large ISD scenarios, and a reduction in pilot power level allows headroom limited UE’s to transmit at a higher rate.

PA0.1kmph and PA3kmph channel types afford most gains in UE throughput, whereas, VA30 channel offered throughput gain only for cell edge users in large cell size. 
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.
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