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1

Introduction

In the previous RAN WG1 #59 meeting, a refined set of system simulation assumptions for open loop transmit diversity was agreed upon [1]. In this document, we present an initial set of system simulation results for a practical algorithm for Switched Antenna Transmit Diversity (SATD).

2

System Simulation Parameters and Metrics
An updated set of simulation assumptions was agreed in the previous RAN WG1 meeting [1] for both open loop switched antenna transmit diversity (SATD) as well as for beamforming. The simulation results provided in the next section are a subset of the suite of simulations proposed. The simulation settings that pertain specifically to the results shown for OL SATD are given in Table 1. 
2.1
System Simulation Parameters

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
	AWGN, 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
	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]

(Note 1)
	0

	Short-term antenna imbalance [dB] 

(Note 2)
	Gaussian distribution with  µ = 0; σ = 2.25



	UE Tx Antenna Correlation
	0.3

	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 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.

In Annex A, we present the analysis used to model the transmit antenna correlation and antenna imbalance in the system simulation.
2.2
System Simulation Metrics
In this system simulation study the following metrics have been obtained to evaluate the system benefits of open loop SATD:
· User Throughput

· Cumulative distribution function (CDF) of the user throughput

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

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

· Noise Rise or Rise Over Thermal (Noise Rise)

· Average
· 90th percentile
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Description of a Practical Algorithm for SATD

We have investigated a few different practical algoroithms for SATD including the one proposed in [2]. While it is possible to devise algorithms that provide better gains than the one proposed in [2], we consider, after a careful evaluation of the performance obtained, that the practical algorithm proposed in [2] provides a reasonable reference for the type of gains that can be obtained by SATD.

Therefore, we provide link simulation results in this document for the algorithm proposed in [3], with a change in one of the parameters. For reference, 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. 
4

Simulation Results and Observations

In this section, we present system simulation results for the practical SATD scheme. The performance of this scheme is compared with a baseline (no transmit diversity). 

4.1
Simulation Overview

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.
· The UE obeys the UL power control commands even at the times when the UE switches antennas.
4.2
System Simulation Results

In the following we present results for the following cases
· PA 0.1 km/hr, PA 3km/hr, VA 30 km/hr

· ISD = 2.8 km, 1 km

· 10 BE users/cell

4.2.1
PA 0.1 km/hr, ISD = 2.8 km, 10 BE users/cell
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Figure 1: CDF of UE Throughput, PA 0.1km/hr, ISD = 2.8km, 10 BE users
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Figure 2: CDF of of UE DPCCH Tx Power [dBm], PA 0.1km/hr, ISD = 2.8 km, 10BE users

Table 2: UE Transmit Power Statistics, PA 0.1km/hr, ISD = 2.8km, 10 BE users
	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	10.22
	-9.27
	0.32
	5.38
	15.23

	SATD                    Long-term Imb =    0 dB
	Pwr (dBm)
	8.71
	-11.49
	-1.96
	3.23
	13.48

	
	Gain (dB)
	1.51
	2.22
	2.28
	2.15
	1.76


Table 3: UE Throughput Statistics, PA 0.1km/hr, ISD = 2.8km, 10 BE users
	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	200.95
	34.99
	115.42
	202.22
	358.16

	SATD                        Long-term Imb =        0 dB
	Tput (kpbs)
	214.48
	45.63
	140.05
	220.93
	369.33

	
	Tput Gain (%)
	6.73
	30.41
	21.33
	9.25
	3.12


Table 4: Noise Rise Statistics, PA 0.1km/hr, ISD = 2.8 km, 10 BE users
	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.5
	7.02

	AS – Long-term Imb = 0 dB
	6.43
	7.19


4.2.2
PA 3km/hr, ISD = 2.8 km, 10 BE users/cell
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Figure 3: CDF of UE Throughput, PA 3km/hr, ISD = 2.8km, 10 BE users
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Figure 4: CDF of of UE DPCCH Tx Power [dBm], PA 3km/hr, ISD = 2.8km, 10 BE users

Table 5: UE Transmit Power Statistics, PA 3km/hr, ISD = 2.8km, 10 BE users
	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	11.25
	-8.67
	0.55
	6.12
	16.59

	SATD                    Long-term Imb =    0 dB
	Pwr (dBm)
	10.33
	-10.11
	-0.86
	4.55
	15.77

	
	Gain (dB)
	0.92
	1.44
	1.42
	1.57
	0.83


Table 6: UE Throughput Statistics, PA 3km/hr, ISD = 2.8km, 10 BE users
	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	162.84
	11.98
	87.70
	165.47
	303.32

	SATD                        Long-term Imb =        0 dB
	Tput (kpbs)
	176.54
	20.65
	111.12
	177.48
	311.49

	
	Tput Gain (%)
	8.41
	72.30
	26.72
	7.26
	2.69


Table 7: Noise Rise Statistics, PA 3km/hr, ISD = 2.8km, 10 BE users
	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.43
	7.18

	SATD Long-term Imb = 0 dB
	6.56
	7.51


4.2.3
VA 30 km/hr, ISD = 2.8 km, 10 BE users/cell
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Figure 5: CDF of UE Throughput, VA 30km/hr, ISD = 2.8km, 10 BE users
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Figure 6: CDF of of UE DPCCH Tx Power [dBm], VA 30km/hr, ISD = 2.8km, 10 BE users

Table 8: UE Transmit Power Statistics, VA 30km/hr, ISD = 2.8km, 10 BE users
	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	16.43
	 1.93
	11.13
	15.25
	20.53

	SATD                    Long-term Imb =    0 dB
	Pwr (dBm)
	16.22
	 1.33
	10.47
	14.86
	20.37

	
	Gain (dB)
	 0.21
	 0.60
	 0.66
	 0.39
	 0.16


Table 9: UE Throughput Statistics, VA 30km/hr, ISD = 2.8km, 10 BE users
	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	161.74
	15.63
	78.58
	161.85
	322.57

	SATD                        Long-term Imb =        0 dB
	Tput (kpbs)
	159.64
	18.97
	85.08
	162.83
	310.20

	
	Tput Gain (%)
	-1.30
	21.34
	8.28
	0.61
	-3.84


Table 10: Noise Rise Statistics, VA 30km/hr, ISD = 2.8km, 10 BE users
	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.35
	7.12

	AS – Long-term Imb = 0 dB
	6.37
	7.21


4.2.4 
PA 0.1km/hr, ISD = 1km, 10 BE users/cell
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Figure 7: CDF of UE Throughput, PA 0.1km/hr, ISD = 1 km, 10 BE users
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Figure 8: CDF of of UE DPCCH Tx Power [dBm], PA 0.1km/hr, ISD = 1 km, 10 BE users

Table 11: UE Transmit Power Statistics, PA 0.1km/hr, ISD = 1 km, 10 BE users
	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-3.87
	-23.11
	-15.32
	-10.59
	-0.51

	SATD                    Long-term Imb =    0 dB
	Pwr (dBm)
	-5.38
	-24.59
	-17.21
	-12.42
	-2.21

	
	Gain (dB)
	1.51
	1.47
	1.89
	1.84
	1.7


Table 12: UE Throughput Statistics, PA 0.1km/hr, ISD = 1 km, 10 BE users
	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	144.91
	97.3
	122.26
	138.58
	198.34

	SATD                        Long-term Imb =        0 dB
	Tput (kpbs)
	165.06
	118.67
	141.49
	155.65
	217.84

	
	Tput Gain (%)
	13.9
	21.97
	15.73
	12.32
	9.83


Table 13: Noise Rise Statistics, PA 0.1km/hr, ISD = 1 km, 10 BE users
	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.35
	6.87

	AS – Long-term Imb = 0 dB
	6.24
	7.04


4.2.5
PA 3km/hr, ISD = 1km, 10 BE users/cell
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Figure 9: CDF of UE Throughput, PA 3 km/hr, ISD = 1 km, 10 BE users

[image: image10.emf]-60 -50 -40 -30 -20 -10 0 10 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UE DPCCH Tx Pwr (dBm)

CDF

cell dist 1000m PedA 3.0kmph 

 

 

Baseline - No TD

SATD - Practical Algorithm


Figure 10: CDF of of UE DPCCH Tx Power [dBm], PA 3 km/hr, ISD = 1 km, 10 BE users

Table 14: UE Transmit Power Statistics, PA 3 km/hr, ISD = 1 km, 10 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-3.05
	-24.01
	-15.15
	-10.41
	-0.07

	SATD                    Long-term Imb =    0 dB
	Pwr (dBm)
	-4.13
	-25.49
	-16.64
	-11.70
	-1.12

	
	Gain (dB)
	1.08
	1.48
	1.50
	1.29
	1.05


Table 15: UE Throughput Statistics, PA 3 km/hr, ISD = 1 km, 10 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	135.67
	100.76
	123.32
	136.88
	166.64

	SATD                        Long-term Imb =        0 dB
	Tput (kpbs)
	146.32
	108.19
	130.36
	144.99
	178.10

	
	Tput Gain (%)
	7.85
	7.38
	5.71
	5.93
	6.88


Table 16: Noise Rise Statistics, PA 3 km/hr, ISD = 1 km, 10 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.43
	7.28

	AS – Long-term Imb = 0 dB
	6.52
	7.52


4.2.6
VA 30 km/hr, ISD = 1 km, 10 BE users/cell
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Figure 11: CDF of UE Throughput, VA 30 km/hr, ISD = 1 km, 10 BE users
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Figure 12: CDF of of UE DPCCH Tx Power [dBm], VA 30 km/hr, ISD = 1 km, 10 BE users

Table 17: UE Transmit Power Statistics, VA 30 km/hr, ISD = 1 km, 10 BE users

	
	Tx DPCCH Pwr

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Pwr (dBm)
	-3.63
	-25.51
	-16.54
	-11.14
	-0.37

	SATD                    Long-term Imb =    0 dB
	Pwr (dBm)
	-3.92
	-25.74
	-17.07
	-11.60
	-0.97

	
	Gain (dB)
	0.29
	0.23
	0.54
	0.46
	0.60


Table 18: UE Throughput Statistics, VA 30 km/hr, ISD = 1 km, 10 BE users

	
	Avg.
	10%
	30%
	50%
	90%

	NoTD
	Tput (kpbs)
	127.34
	95.92
	112.34
	130.93
	157.88

	SATD                        Long-term Imb =        0 dB
	Tput (kpbs)
	128.98
	95.9
	113.63
	130.79
	161.00

	
	Tput Gain (%)
	1.28
	-0.02
	1.14
	-0.10
	1.98


Table 19: Noise Rise Statistics, VA 30 km/hr, ISD = 1 km, 10 BE users

	
	Noise Rise (dB)

	
	Avg.
	90%

	NoTD
	6.26
	6.90

	AS – Long-term Imb = 0 dB
	6.29
	7.05


4.3
Observations
In Tables 20, 21 and 22, we summarize the system performance benefit to SATD in terms of the following metrics:
· Average UE DPCCH transmit power

· 10 percentile user throughput

· Average user throughput

Table 20: Summary of average UE DPCCH transmit power gains due to SATD

	Cases
	Average UE DPCCH transmit power gain [dB]

	ISD [km]
	Number of BE users/cell
	Long Term Antenna Imbalance    [dB]
	Channel type

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

	2.8
	10
	0
	1.51
	0.92
	0.21

	1.0
	10
	0
	1.51
	1.08
	0.29


Table 21: Summary of 10 percentile user throughput gains due to SATD

	Cases
	10 percentile user throughput gain [%]

	ISD [km]
	Number of BE users/cell
	Long Term Antenna Imbalance    [dB]
	Channel type

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

	2.8
	10
	0
	30.41
	72.3
	21.34

	1.0
	10
	0
	21.97
	7.38
	~0


Table 22: Summary of average user throughput gains due to SATD

	Cases
	Average user throughput gain [%]

	ISD [km]
	Number of BE users/cell
	Long Term Antenna Imbalance    [dB]
	Channel type

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

	2.8
	10
	0
	6.73
	8.41
	-1.3

	1.0
	10
	0
	13.9
	7.85
	1.28


The following observations can be made from this study:

· For both cell sizes of 1km and 2.8km, promising gains in cell edge throughputs and average transmit power are observed due to SATD.

· The gains for cell size = 2.8km are larger than the ones for the 1km cell size. Since the cell size of 2.8km corresponds to UE’s having higher transmit powers, the UE’s are headroom limited a higher percentage of the time. Therefore, gains in transmit power can have a significant impact on the user throughputs.

· While gains are seen for users in all throughput percentiles, users in the 10% throughput level see the most gains. These users tend to be affected the most due to headroom limitations. As a result, reduction in transmit power levels due to SATD significantly affects the throughput for these users.

· Users in the 50% and 90% percentiles also see gains in the non vehicular channels. These gains arise due to the reduction in the inter-cell interference from the UE’s at the cell-edge due to transmit diversity. 

· The PA0.1 channel is a near stationary channel and corresponds to laptops and other devices used in an indoor setting. The gains for this channel type are significant for both 1km and 2.8km cell sizes.  

· The gains for the VA30 channel do not appear to be significant for small cell sizes. This reflects the gain trends seen in the link simulation results. However, for a cell size of 2.8km, significant gains are seen for the 10% percentile users. Since these users correspond to users at the cell edge, this constitutes an improvement in user experience.
· The reduction in the UE DPCCH transmit power levels are consistent with the observed values in the link simulation results. 

· It can be seen from Tables 4, 7, 10, 13, 16 and 19 that the impact to Noise Rise is not appreciably significant and is of the order of 0.2 dB. The slight increase can be attributed to the number of antenna switches per second.
5 
Conclusions

In this contribution, system level simulation results for PA0.1, PA3 and VA30 channels were shown for the Switched Antenna Transmit Diversity scheme for cell sizes of 1km and 2.8km. The simulations were conducted using a practical antenna switching algorithm based on the one proposed in [2].
While gains are seen for both cell ISDs, a cell size =2.8km showed much higher gains than a cell size of 1km. Since more UE’s are headroom limited in a larger cell size, the gains of transmit diversity have a significant effect on the throughputs, especially at the cell edge. The PA0.1 and PA3 channel afforded the most gains for both cell sizes whereas the VA30 channel offered gains for the cell edge users in larger cell sizes. The impact to the NodeB receiver on account of antenna switching is not considered to be significant for all channel types.

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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Annex A:
Modelling Antenna Correlation and Imbalance

Transmit antenna correlation and antenna imbalance is modelled as follows:

Case 1: Antenna Imbalance = 0; Transmit antenna correlation = 
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The basic Kronecker model of the channel
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is the transmit antenna correlation.
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Case 2: Antenna Imbalance = 
[image: image20.wmf]b

; Transmit antenna correlation = 
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The basic Kronecker model of the channel


[image: image22.wmf](

)

2

/

1

2

/

1

2

/

1

T

R

H

R

H

Tx

Rx


where 
[image: image23.wmf]Tx

R

and
[image: image24.wmf]Rx

R

are the transmit and receive correlation matrices where


[image: image25.wmf]ú

û

ù

ê

ë

é

-

=

2

2

/

1

1

0

1

a

a

Tx

R

, and 
[image: image26.wmf]a

is the transmit antenna correlation.
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and 
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 is the antenna imbalance matrix where
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is the antenna imbalance.

Note that antenna imbalance is the relative power of the secondary antenna with respect to the primary antenna.
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