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1. Introduction
The initial research results of spatial characteristics of ACLR were captured in [2]. In this contribution we provide updated simulation results based on agreed assumptions for AAS spatial characteristics of ACLR in vertical and horizontal plane.
2. Spatial characteristics of ACLR – In vertical
The unwanted emissions can be described with varying distortion correlation between PAs, and ACLR is the out-of-band part of the relative difference between the wanted signal and the distortions plus noise. In Figure 1/3/5, we provide ACLR spatial distributions in different electrical down-tilt angles on fixed correlation, and in Figure 2/4/6, we fix the electrical down tilt angles and illustrate the ACLR spatial distribution on different correlation. 
For each result, 5/10/15 array elements with spacing 0.9 lamda were modeled (See Table A-5). The ACLR of each RF channel is set to 45dB. 

5-Array Elements (Vary down-tilt angle, fixed correlation) 
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Figure 1 Spatial distributions of ACLR in different correlations and electrical down-tilt angle for 5 radiation elements case
5-Array Elements (fixed down-tilt angle, vary correlation) 
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Figure 2 AAS ACLR patterns in different down tilt angles of 0, 5, 9, 15 degree respectively for 5 radiation elements case
10-Array Elements (Vary down-tilt angle, fixed correlation) 
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Figure 3 Spatial distributions of ACLR in different correlations and electrical down-tilt angle for 10 radiation elements case
10-Array Elements (fixed down-tilt angle, vary correlation) 
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Figure 4 AAS ACLR patterns in different down tilt angles of 0, 5, 9, 15 degree respectively for 10 radiation elements case
15-Array Elements (Vary down-tilt angle, fixed correlation) 
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Figure 5 Spatial distributions of ACLR in different correlations and electrical down-tilt angle for 15 radiation elements case
15-Array Elements (fixed down-tilt angle, vary correlation) 
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Figure 6 AAS ACLR patterns in different down tilt angles of 0, 5, 9, 15 degree respectively for 15 radiation elements case
From Figure 1 to 6, it can be shown that ACLR is not uniformly distributed in vertical plane. With the correlation between radiating elements varies from 0 to 1, the spatial distribution of ACLR range is growing with main lobe becomes better, but the side lobe becomes worse. 
3. Spatial characteristics of ACLR – In horizontal
In Figure 7/8/9/10/11, we provide ACLR spatial distributions in horizontal for one/two/four column(s) array antenna AAS. For each antenna type, the modeling in Table A-5 is assumed. The ACLR of each RF channel is set to 45dB are assumed. 

3.1 One column array antenna AAS
The simulation on ACLR patterns in horizontal for one column array antenna with different correlation is provided in Figure 7.
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Figure 7 One column array antenna AAS ACLR pattern with 0 degree of electrical horizontal steering and different correlations
3.2 Two columns array antenna AAS

For two columns array antenna AAS with horizontal radiating element spacing 0.6 lamda, the simulated ACLR pattern as following Figure 8 and Figure 9.
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Figure 8 Two columns array antenna AAS ACLR patterns with different horizontal steering degrees
With different correlations 
[image: image38.emf]-80 -60 -40 -20 0 20 40 60 80

20

25

30

35

40

45

50

55

60

azimuth angle(deg)

ACLR(dB)

electrical horizontal steering(deg)=-60

 

 

1

0.8

0.6

0.4

0.2

0

[image: image39.emf]-80 -60 -40 -20 0 20 40 60 80

20

25

30

35

40

45

50

55

60

azimuth angle(deg)

ACLR(dB)

electrical horizontal steering(deg)=-30

 

 

1

0.8

0.6

0.4

0.2

0


[image: image40.emf]-80 -60 -40 -20 0 20 40 60 80

20

25

30

35

40

45

50

55

60

azimuth angle(deg)

ACLR(dB)

electrical horizontal steering(deg)=0

 

 

1

0.8

0.6

0.4

0.2

0

[image: image41.emf]-80 -60 -40 -20 0 20 40 60 80

20

25

30

35

40

45

50

55

60

azimuth angle(deg)

ACLR(dB)

electrical horizontal steering(deg)=30

 

 

1

0.8

0.6

0.4

0.2

0


[image: image42.emf]-80 -60 -40 -20 0 20 40 60 80

20

25

30

35

40

45

50

55

60

azimuth angle(deg)

ACLR(dB)

electrical horizontal steering(deg)=60

 

 

1

0.8

0.6

0.4

0.2

0


Figure 9 Two columns array antenna AAS ACLR patterns for different correlations 
3.3 Four columns array antenna AAS
For four columns array antenna AAS with horizontal radiating element spacing 0.5 lamda, the simulated ACLR pattern as following Figure 10 and Figure 11.
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Figure 10 Four columns array antenna AAS ACLR patterns with different horizontal steering degrees
With different correlations 
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Figure 11 Four columns array antenna AAS ACLR patterns for different correlations
The same situation can be observed on spatial characteristics of ACLR in vertical plane. From Figure 7 to Figure 11, it is shown that ACLR is not uniformly distributed in horizontal. With the correlation between radiating elements from 0 to 1, it makes different characteristics that the spatial distribution of ACLR range is growing with main lobe becomes better, but the side lobe will become worse. 
4. Conclusion
In the contribution, we update ACLR simulation based on agreed simulation assumptions in AAS BS- legacy BS and legacy BS- legacy-BS scenarios. From the simulation results, it is proved that ACLR is not uniformly distributed in spatial domain. 
5. Reference
1. RP-13xxxx_draft_report_RAN_59_130301_eom
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Annex: Summarized simulation assumptions and parameters 
The general simulation parameters for the initial simulation cases listed in Table A-1 to Table A-5 are all from [2].
Table A-1 General simulation parameters
	Parameters
	Values

	Cellular layout
	Hexagonal, 3 sectors/cell (19 cell wrap-around), uncoordinated

	UE distribution
	Average 10 UEs per sector. UEs on flat ground

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Inter Site Distance (ISD)
	750m

	Minimum distance UE<->BS
	35m

	Log normal shadowing
	Standard Deviation of 10 dB

	Shadow correlation coefficient
	0.5 (inter site) / 1.0 (intra site)

	Scheduling algorithm
	Round Robin, Full buffer

	RB number per active UEs
	UL: 16RBs (total: 48 RBs)
DL: 50RBs

	Number of active UEs
	UL: 3 UEs
DL: 1 UE

	UE max Tx power
	23 dBm

	UE min Tx power
	-40 dBm

	BS max Tx power
	46dBm

	Power control parameters
	(TR36.942 Section 12.1.4)

PC Set 1 (alpha=1; P0=-101dBm)   
PC Set 2 (alpha=0.8; P0=-92.2dBm)

	Antenna configuration at UE
	Omni-directional

	The height of BS
	30 m

	The height of UE
	1.5 m

	ACS of LTE UE
	33 dB

	Radiation pattern of the antenna installed for legacy BS
	The same as AAS 3D antenna pattern 


The parameters for the array antenna model are defined in Table A-2 to Table A-4 below:
Table A-2 Element pattern 

	Horizontal Radiation Pattern 
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	Front-to-back ratio
	Am = 30dB

	Vertical Pattern  method
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	Side Lobe lower level
	 SLAv=30 dB

	Element Pattern 
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	Element Gain
	GE,max=8 dBi *

	NOTE: For a type A10 antenna, 8 dBi corresponds to 18 dBi array gain.


Table A-3 Composite array pattern for single column
	Configuration
	Single column (N-elements)

	Composite Array radiation pattern in dB 
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the super position vector is given by
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the weighting is given by
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	Active array loss
	0 dB


Table A-4 Composite array pattern for multiple column
	Configuration
	Multiple columns (NVxNH elements)

	Composite Array radiation pattern in dB 
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the super position vector is given by
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the weighting is given by
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	Active array loss
	0 dB


 Additional parameters are provided in Table A-5.
Table A-5 Parameter for typical passive antenna types

	Antenna type
	A1
	A5
	A10
	A15
	B5
	B10
	B15
	D5
	D10
	D15

	No of radiation elements
	1
	5
	10
	15
	5
	10
	15
	5
	10
	15

	No of columns
	1
	1
	1
	1
	2
	2
	2
	4
	4
	4

	Max array gain for a single column / dBi
	8.7
	15
	18
	19.5
	14.5
	17
	18.5
	14.5
	17
	18.5

	Max antenna gain / dBi
	8.7
	15
	18
	19.5
	17
	19.5
	21
	20
	22.5
	24

	Vertical radiating element spacing d/ 
	-
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9

	Horizontal radiating element spacing d/
	-
	-
	-
	-
	0.6
	0.6
	0.6
	0.5
	0.5
	0.5

	Vertical 3dB bandwidth of single element / deg
	65
	65
	65
	65
	65
	65
	65
	65
	65
	65

	Horizontal 3dB bandwidth of single element / deg
	65
	65
	65
	65
	80
	80
	80
	80
	80
	80

	Losses of cable network / dB
	0.5
	0.8
	1.0
	1.2
	0.8
	1.0
	1.2
	0.8
	1.0
	1.2


Note: For single column AAS antenna, to calculate the gain of an active antenna the losses of the cable network must be added to the maximum gain. 

 

 AAS Max antenna gain = passive Max antenna gain + Losses of cable network
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