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1
Introduction
During RAN4#61, evaluation methodologies and initial simulation assumptions for the study item on enhanced performance requirements for LTE UE were further discussed and approved in [1]. In relation to DIP profiles for the weighted average throughput gain study, it was agreed in [1] that these will be provided by 23rd January 2012 by interested companies and then typical DIP scenario based on the average throughput gain will be defined.
During e-mail discussion prior to RAN4#62 [2], provided DIP results by different companies happen to show an abnormal proportion of UEs with geometry G ( -3dB and DIP1 ( DIP2 ( -3dB. It was suggested that the root cause for such behaviour results is an unfortunate combination of 3GPP spatial antenna modelling with the agreed simulation assumptions [1]. A change of reference point was also suggested, for example to G=-2.5dB or G=-3.5dB. This contribution aims to analyse further the observed phenomenon at geometries conditioned to G=-3 ± 0.2 dB, as well as the other suggested geometry positions. Finally, DIP tables for the new conditions are provided in Annex. 
2 
Location of UEs conditioned to given geometry
When investigating the geographical location of UEs experiencing G = -3dB (+/- 0.2dB), it is observed in Figure 1a) that these are typically placed around sector boundaries, but a cluster of UEs is also visible in-between two sectors and very near eNodeB tower. In Figure 1b) the same UEs were further filtered with the condition: -3.3dB < DIP1 < -2.7dB. Results show a high concentration of UEs conditioned to G=-3dB having DIP1=-3dB and being located under eNodeB, which confirms observations made over e-mail [2]. Explanations behind such clustering are provided in next section.
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Figure 1a: UEs conditioned to G = -3dB
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Figure 1b: UEs conditioned to G = -3dB and DIP1 ( [-3.3, -2.7] dB


A similar analysis was conducted for UEs conditioned to G=-2.5dB and results are depicted in Figures 2a) and 2b). In Figure 2a), cell edge UEs are clearly seen around sector boundaries but no clustering behaviour is seen. After filtering similarly to Figure 1b), UEs conditioned to G=-2.5dB and with DIP1 close to -3dB are shown in Figure 2b).  
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Figure 2a: UEs conditioned to G = -2.5 dB
	[image: image4.png]¥ postion m)

100

-2

a0

-400

-s00

-800

UE spacial distibution

s

“an0

“am

2
X position (m)

ET

100




Figure 2b: UEs conditioned to G = -2.5 dB 
and DIP1 ( [-3.3, -2.7] dB


Results for geometry conditioned to G=-3.5dB are pictured in Figures 3a) and 3b). In Figure 3a), these UEs are clearly seen around sector borders and slight clustering behaviour is observed in similar positions as Figure 1a). After filtering similarly to Figure 1b), 2b), UEs conditioned to G=-3.5 dB and with DIP1 close to -3dB are shown in Figure 3b).  
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Figure 3a: UEs conditioned to G = -3.5 dB
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Figure 3b: UEs conditioned to G = -3.5dB 
and DIP1 ( [-3.3, -2.7] dB


3 
Background information on 3GPP 3D antenna model
Current 3D spatial antenna model used in 3GPP explains the observed clustering of UEs conditioned to G=-3dB. Figure 4) shows the antenna gain expressed in C/I (dB), excluding pathloss and fading effects. These would subsequently be added on top of the antenna gain. Antenna parameters listed hereafter comply with agreed simulation assumption [1]. A 3-sector site is located at the center of the figure, each sector separated by 120° degrees, the eNB height is 32m, the electrical downtilt angle is 15° degrees and UE height is 1.5m. The site mast is located on the Z axis, and Figure 4 provides a 2D view looking from the top of the mast to the ground. The red colour indicates higher values of C/I, while the dark blue colour represents C/I = -3dB. The agreed antenna gain equations [1] are shown in Table 1. The horizontal antenna pattern provides the horizontal antenna gain of the beam inside a sector. Near the sector edge, the gain might take the value of the minimum default –Am depending on the angle (. Similarly, the vertical antenna pattern provides the vertical antenna gain. If a UE is too close or too far from the mast, the ( angle can be such that the vertical antenna gain takes the minimum default value of –SLAv. The 3D combination method also allows for a condition where the minimum default can be selected. One notices both situations when the minimum default values of gains are selected near the central circle in Figure 4), were the C/I value is -3dB (the antenna gains of the three sectors yield the same value), and also on the outer area of the figure. This specific behaviour is caused by the antenna model, and might not reflect exactly real life antenna patterns. During simulations, one avoids dropping UEs in the central area by adjusting the minimum UE-to-eNB distance, and the electrical tilt angle. The outer area receives coverage from other sites. Nonetheless, on the edge between sectors and near the site center, there is a small area where the C/I equals -3 dB. This is the root cause for the behaviour observed in Figure 1a), 1b) where geometries are precisely conditioned to G=-3dB.         
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Figure 4: C/I of 3D antenna pattern.
Table 1: 3D spatial antenna pattern from reference [1]
	Antenna pattern
	Horizontal
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Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	
	
	
[image: image14.wmf]15

=

etilt

q

degrees
	
[image: image15.wmf]6

=

etilt

q

degrees

	
	Combining method in 3D antenna pattern
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4
Conclusions
This contribution analysed observations by multiple companies showing abnormally large proportion of UEs conditioned to G ( -3dB and having DIP1 ( DIP2 ( -3dB. The root cause for such phenomenon was found to be an unfortunate combination of agreed simulation assumptions together with 3D antenna modelling in 3GPP. This behaviour is purely a simulation artifact and not representative of any real antenna deployments in the field. The following options exist in order to address or circumvent the issue:
1. Choose another geometry condition, e.g. -2.5dB or -3.5dB;
2. Continue the RAN4 work based only on DIP profiles conditioned to 0 dB geometry;
3. Revisit 3GPP antenna pattern.
Bearing in mind the study item completion against Rel-11 timeframe, only Option 1 or 2 seem appropriate. However, since most of gains for considered advanced receivers take place at the cell edge, it is thus preferable to select another negative geometry value, such as G=-2.5dB, for which no UE clustering effect under eNodeB tower was observed assuming existing 3GPP antenna modelling. Weighted average link throughput gain study was conducted at G=-2.5dB in a companion paper [3]. 
Based on the above considerations, we propose:

Proposal 1: 
Select G=-2.5dB as geometry of interest for weighted average throughput gain study instead of earlier considered value of G=-3dB.
Proposal 2:
RAN4 evaluates weighted average link throughput gain based on G=-2.5 dB and a typical DIP profile at that geometry will be agreed during RAN4#62bis.
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Annex – 20-DIP tables for new condition points
The DIP tables with 20 profiles for G=-3.5dB and G= -2.5dB are shown in Tables A1 and A2. 
Table A1: Set of 20 DIP profiles (3GPP case 1 HO 3 dB) under condition G = -3.5dB.
	#
	G
 [dB]
	DIP1 
[dB]
	DIP2 
[dB]
	DIP3 
[dB]
	DIP4 
[dB]
	DIP5 
[dB]
	DIP6 
[dB]
	DIP7 
[dB]
	DIP8 
[dB]
	DIP9 
[dB]
	Ioc 
[dB]

	1
	-3.48
	-5.11
	-6.24
	-9.34
	-11.97
	-13.09
	-14.20
	-15.42
	-16.39
	-17.34
	-100.58

	2
	-3.52
	-3.80
	-4.99
	-11.62
	-13.93
	-15.48
	-16.28
	-17.83
	-18.89
	-19.71
	-99.07

	3
	-3.48
	-3.45
	-4.57
	-12.90
	-15.03
	-16.68
	-17.77
	-19.23
	-20.24
	-21.05
	-97.15

	4
	-3.44
	-3.25
	-4.64
	-12.84
	-15.86
	-16.91
	-18.44
	-19.62
	-20.89
	-21.65
	-93.27

	5
	-3.51
	-2.98
	-5.42
	-12.74
	-15.05
	-16.46
	-17.64
	-18.68
	-19.52
	-20.51
	-94.13

	6
	-3.45
	-2.78
	-4.89
	-14.33
	-16.57
	-18.05
	-19.33
	-20.58
	-21.33
	-22.03
	-91.00

	7
	-3.48
	-2.68
	-4.39
	-16.04
	-17.83
	-19.82
	-20.82
	-21.79
	-22.96
	-24.40
	-80.16

	8
	-3.51
	-2.58
	-4.66
	-15.43
	-17.54
	-19.05
	-20.35
	-21.81
	-22.90
	-24.20
	-82.54

	9
	-3.58
	-2.47
	-4.93
	-15.49
	-17.11
	-18.45
	-19.99
	-21.59
	-22.52
	-23.47
	-80.88

	10
	-3.51
	-2.30
	-6.60
	-12.66
	-14.79
	-16.72
	-17.78
	-19.48
	-20.46
	-21.56
	-96.96

	11
	-3.49
	-2.10
	-7.63
	-12.88
	-14.71
	-16.44
	-17.60
	-18.63
	-19.41
	-20.36
	-99.17

	12
	-3.51
	-1.91
	-8.04
	-13.29
	-14.81
	-16.68
	-17.84
	-18.82
	-19.81
	-20.66
	-100.67

	13
	-3.52
	-1.71
	-8.49
	-13.65
	-15.19
	-17.04
	-17.89
	-19.10
	-19.98
	-20.80
	-95.80

	14
	-3.52
	-1.58
	-8.68
	-13.49
	-15.32
	-17.35
	-18.40
	-19.55
	-20.49
	-21.62
	-98.81

	15
	-3.51
	-1.42
	-9.58
	-13.68
	-15.13
	-17.16
	-18.00
	-19.67
	-20.62
	-21.75
	-97.03

	16
	-3.50
	-1.26
	-9.91
	-13.89
	-15.77
	-17.48
	-18.39
	-20.24
	-21.82
	-23.18
	-95.60

	17
	-3.50
	-1.12
	-10.59
	-14.14
	-16.35
	-17.78
	-18.50
	-20.60
	-22.31
	-23.46
	-93.81

	18
	-3.50
	-0.97
	-11.32
	-14.34
	-16.15
	-17.91
	-18.72
	-21.26
	-23.17
	-24.40
	-97.05

	19
	-3.49
	-0.81
	-12.24
	-14.42
	-16.46
	-18.25
	-19.11
	-22.81
	-25.02
	-26.12
	-93.00

	20
	-3.43
	-0.60
	-13.29
	-15.33
	-18.30
	-20.05
	-21.36
	-24.20
	-26.07
	-26.81
	-93.06


Table A2: Set of 20 DIP profiles (3GPP case 1 HO 3 dB) under condition G = -2.5dB. 

	#
	G
 [dB]
	DIP1 
[dB]
	DIP2 
[dB]
	DIP3 
[dB]
	DIP4 
[dB]
	DIP5 
[dB]
	DIP6 
[dB]
	DIP7 
[dB]
	DIP8 
[dB]
	DIP9 
[dB]
	Ioc 
[dB]

	1
	-2.50
	-5.19
	-6.44
	-9.08
	-11.72
	-13.24
	-14.41
	-15.45
	-16.71
	-17.40
	-102.13

	2
	-2.52
	-4.02
	-5.33
	-10.84
	-13.24
	-14.78
	-16.03
	-16.98
	-18.22
	-19.01
	-100.19

	3
	-2.50
	-3.52
	-5.64
	-11.40
	-13.70
	-15.53
	-16.70
	-17.58
	-18.38
	-19.33
	-98.55

	4
	-2.49
	-3.15
	-5.09
	-12.63
	-14.85
	-16.43
	-17.87
	-19.08
	-20.01
	-21.13
	-90.15

	5
	-2.52
	-2.93
	-5.38
	-12.99
	-14.85
	-16.60
	-17.87
	-19.25
	-20.05
	-21.00
	-85.50

	6
	-2.49
	-2.70
	-6.58
	-12.12
	-14.24
	-15.70
	-16.94
	-18.01
	-18.90
	-19.72
	-97.97

	7
	-2.50
	-2.46
	-6.93
	-12.34
	-14.31
	-15.94
	-17.23
	-18.35
	-19.32
	-20.15
	-98.81

	8
	-2.51
	-2.27
	-7.43
	-12.19
	-14.40
	-16.03
	-17.30
	-18.34
	-19.33
	-20.16
	-96.39

	9
	-2.51
	-2.08
	-7.47
	-12.94
	-14.94
	-16.47
	-17.24
	-18.51
	-19.54
	-20.86
	-96.75

	10
	-2.50
	-1.90
	-7.99
	-12.91
	-14.67
	-16.85
	-17.78
	-18.73
	-19.95
	-20.87
	-97.21

	11
	-2.49
	-1.71
	-8.82
	-12.73
	-14.53
	-16.74
	-17.63
	-19.07
	-20.42
	-21.67
	-97.58

	12
	-2.49
	-1.54
	-9.39
	-13.30
	-15.00
	-17.12
	-17.89
	-18.84
	-20.35
	-21.52
	-93.58

	13
	-2.47
	-1.38
	-9.70
	-13.49
	-15.27
	-17.31
	-18.10
	-19.40
	-21.12
	-22.41
	-93.18

	14
	-2.50
	-1.23
	-10.18
	-13.79
	-15.58
	-17.24
	-18.14
	-20.10
	-22.35
	-23.26
	-93.28

	15
	-2.51
	-1.06
	-11.37
	-13.96
	-15.62
	-17.39
	-18.26
	-21.23
	-22.61
	-23.70
	-92.61

	16
	-2.49
	-0.87
	-12.17
	-14.26
	-16.33
	-17.94
	-19.16
	-22.31
	-24.20
	-25.03
	-93.26

	17
	-2.50
	-0.62
	-12.88
	-15.17
	-18.51
	-19.92
	-21.91
	-25.15
	-26.76
	-27.58
	-90.50

	18
	-2.52
	-0.30
	-14.79
	-17.98
	-23.63
	-26.64
	-27.67
	-28.82
	-29.87
	-30.63
	-86.56

	19
	-2.49
	-0.17
	-15.85
	-22.56
	-27.62
	-29.96
	-31.38
	-32.82
	-33.86
	-34.75
	-82.29

	20
	-2.51
	-0.11
	-16.88
	-27.54
	-32.24
	-34.74
	-35.69
	-37.05
	-38.26
	-39.40
	-79.36
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