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1. Introduction

In RAN#59 [1], the study of RF and EMC requirement for Active Antenna Array System (AAS) Base Station has been completed. The TR 37.840 is approved as v12.0.0. Meanwhile, New WI proposal for Base Station RF requirements for AAS was also approved. For the study stage, general transmitter characteristics were discussed. Particularly ACLR is studied as typical example. AAS experiences different spatial selectivity compared to the conventional BS due to the discrepancies among multiple Tx chains, the unwanted in-band/out-band emissions in general do not follow the beam forming as the wanted signal does. The simulation results for ACLR (per element) from different companies have been captured in TR37.840 [2] based on the initial simulation scenarios and assumptions, e.g. antenna array configuration is 10×1. For the upcoming WI, the spatial characteristics of AAS transmitter need further study, especially for AAS with multiple columns array case.
In this contribution we examine the co-existence impact of multiple columns AAS system that implements active down-tilt which is deployed in Macro cell scenario based on agreed typical array antenna parameters and initial simulation case 1a in TR37.840 [2].
2. Simulation of ACLR coexistence in Macro cell scenarios under 9 degree down-tilt angle and E-UTRA AAS interferer- legacy system victim
In this section, simulation of coexistence in Macro cell scenarios with AAS E-UTRA interferer to legacy E-UTRA (case 1a) was performed to investigate multiple columns AAS ACLR at 9 degree down-tilt angles, for both electrical down-tilt and mechanical down-tilt, by using the simulation methodology and assumptions described in Annex. In the simulation, the same down-tilt is applied to both victim and interferer. 
The simulations examine coexistence performance on average DL throughput loss and 5% CDF DL throughput loss in the victim system vs ACLR per TX antenna branch with considering different levels of correlation in the unwanted emissions components between the antenna branches, from 0% to 100% correlation. The ACS of terminals is set to 33dB for the reasons of AAS systems should operate with legacy terminals.
Simulations are based on the following assumptions (detailed simulation modes and parameters summarised in annex):

Interferer system:  
10 MHz E-UTRA with AAS
Victim system:
   
10 MHz E-UTRA with passive antenna system


Down-tilt angle:   
9 degree down-tilt in aggressor and victim system
Correlation level: 
0, 0.2, 0.4, 0.6, 0.8. 1.0 for AAS E-UTRA Macro system; 
1 for Legacy E-UTRA Macro system
Environment: 

Macro Cell, Urban Area, uncoordinated deployment
Cell Range:

750 m

AAS antenna types:
B5, B10, B15, D5, D10, D15
Simulation results are presented in Table x-1 for electrical down-tilt and Table x-2 for mechanical down-tilt. 
Table 1-1 Case 1a and B5 simulation results (electrical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	3.14 
	11.47 
	3.25 
	10.71 
	3.28 
	9.82 
	3.26 
	8.96 
	3.20 
	7.87 
	3.08 
	6.84 

	35
	2.12 
	6.17 
	2.13 
	5.89 
	2.11 
	5.46 
	2.08 
	5.02 
	2.04 
	4.57 
	2.00 
	4.27 

	40
	1.67 
	4.05 
	1.66 
	3.84 
	1.64 
	3.69 
	1.63 
	3.53 
	1.61 
	3.42 
	1.59 
	3.29 

	45
	1.49 
	3.12 
	1.48 
	3.01 
	1.47 
	2.94 
	1.46 
	2.91 
	1.46 
	2.87 
	1.45 
	2.82 

	50
	1.42 
	2.80 
	1.42 
	2.76 
	1.41 
	2.73 
	1.41 
	2.71 
	1.41 
	2.69 
	1.41 
	2.69 


Table 1-2 Case 1a and B5 simulation results (mechanical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	2.99 
	11.33 
	3.07 
	10.51 
	3.07 
	9.59 
	3.04 
	8.75 
	2.97 
	7.60 
	2.86 
	6.70 

	35
	2.01 
	6.34 
	1.99 
	5.77 
	1.96 
	5.30 
	1.93 
	4.91 
	1.89 
	4.43 
	1.84 
	4.08 

	40
	1.56 
	4.14 
	1.54 
	3.86 
	1.52 
	3.65 
	1.50 
	3.42 
	1.48 
	3.20 
	1.46 
	3.07 

	45
	1.38 
	3.08 
	1.36 
	2.93 
	1.35 
	2.89 
	1.34 
	2.85 
	1.34 
	2.81 
	1.33 
	2.77 

	50
	1.31 
	2.75 
	1.30 
	2.72 
	1.30 
	2.71 
	1.29 
	2.70 
	1.29 
	2.66 
	1.29 
	2.65 


Table 2-1 Case 1a and B10 simulation results (electrical down-tilt)
	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	8.85 
	35.01 
	9.21 
	33.23 
	9.26 
	30.43 
	9.13 
	26.88 
	8.84 
	22.51 
	8.29 
	16.14 

	35
	6.58 
	21.21 
	6.64 
	19.87 
	6.59 
	17.95 
	6.46 
	15.86 
	6.29 
	13.26 
	6.04 
	10.41 

	40
	5.46 
	13.87 
	5.43 
	12.96 
	5.36 
	11.66 
	5.28 
	10.45 
	5.19 
	9.40 
	5.09 
	8.40 

	45
	4.94 
	9.99 
	4.90 
	9.40 
	4.86 
	8.91 
	4.82 
	8.42 
	4.79 
	8.00 
	4.75 
	7.65 

	50
	4.72 
	8.31 
	4.70 
	8.06 
	4.68 
	7.83 
	4.66 
	7.67 
	4.65 
	7.55 
	4.64 
	7.38 


Table 2-2 Case 1a and B10 simulation results (mechanical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	6.33 
	23.01 
	6.70 
	21.92 
	6.80 
	20.32 
	6.73 
	17.83 
	6.54 
	15.23 
	6.20 
	11.51 

	35
	4.58 
	13.16 
	4.64 
	12.47 
	4.63 
	11.38 
	4.57 
	10.01 
	4.46 
	8.58 
	4.33 
	7.22 

	40
	3.76 
	8.34 
	3.75 
	7.76 
	3.71 
	7.14 
	3.67 
	6.62 
	3.62 
	6.11 
	3.57 
	5.52 

	45
	3.40 
	6.10 
	3.38 
	5.85 
	3.36 
	5.60 
	3.34 
	5.39 
	3.32 
	5.19 
	3.30 
	4.94 

	50
	3.26 
	5.21 
	3.25 
	5.13 
	3.24 
	5.07 
	3.23 
	4.98 
	3.22 
	4.86 
	3.22 
	4.77 


Table 3-1 Case 1a and B15 simulation results (electrical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	7.82 
	45.53 
	8.00 
	44.15 
	7.84 
	41.01 
	7.50 
	36.82 
	7.00 
	32.01 
	6.22 
	25.84 

	35
	5.58 
	28.18 
	5.56 
	26.64 
	5.40 
	24.59 
	5.18 
	22.49 
	4.90 
	20.35 
	4.55 
	17.60 

	40
	4.42 
	19.65 
	4.35 
	18.54 
	4.24 
	17.46 
	4.12 
	16.43 
	3.98 
	15.40 
	3.84 
	14.41 

	45
	3.86 
	15.45 
	3.81 
	14.94 
	3.75 
	14.38 
	3.69 
	13.89 
	3.64 
	13.58 
	3.59 
	13.29 

	50
	3.62 
	13.72 
	3.59 
	13.42 
	3.56 
	13.28 
	3.54 
	13.14 
	3.52 
	13.00 
	3.51 
	12.90 


Table 3-2 Case 1a and B15 simulation results (mechanical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	5.76 
	39.25 
	5.93 
	37.30 
	5.83 
	34.69 
	5.58 
	31.62 
	5.21 
	27.87 
	4.66 
	22.61 

	35
	4.06 
	25.12 
	4.01 
	23.64 
	3.89 
	21.80 
	3.73 
	20.04 
	3.53 
	18.05 
	3.29 
	15.30 

	40
	3.19 
	18.09 
	3.11 
	16.96 
	3.02 
	15.79 
	2.92 
	14.62 
	2.82 
	13.62 
	2.73 
	12.47 

	45
	2.75 
	14.16 
	2.70 
	13.40 
	2.65 
	12.83 
	2.60 
	12.31 
	2.56 
	11.86 
	2.53 
	11.49 

	50
	2.56 
	12.18 
	2.53 
	11.93 
	2.51 
	11.64 
	2.49 
	11.43 
	2.47 
	11.27 
	2.46 
	11.14 


Table 4-1 Case 1a and D5 simulation results (electrical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	5.00 
	26.56 
	4.69 
	22.07 
	4.42 
	18.39 
	4.16 
	15.44 
	3.89 
	12.73 
	3.56 
	10.27 

	35
	3.26 
	15.38 
	3.02 
	12.44 
	2.83 
	10.58 
	2.67 
	9.13 
	2.53 
	7.91 
	2.39 
	6.83 

	40
	2.40 
	9.57 
	2.24 
	8.13 
	2.14 
	7.15 
	2.06 
	6.48 
	1.99 
	5.92 
	1.94 
	5.59 

	45
	2.00 
	6.83 
	1.91 
	6.14 
	1.86 
	5.74 
	1.83 
	5.38 
	1.80 
	5.19 
	1.78 
	5.08 

	50
	1.82 
	5.72 
	1.78 
	5.37 
	1.76 
	5.15 
	1.74 
	5.04 
	1.74 
	4.98 
	1.73 
	4.93 


Table 4-2 Case 1a and D5 simulation results (mechanical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	4.86 
	26.72 
	4.49 
	21.86 
	4.20 
	18.36 
	3.92 
	15.08 
	3.65 
	12.57 
	3.33 
	10.00 

	35
	3.18 
	16.16 
	2.89 
	12.66 
	2.69 
	10.68 
	2.52 
	9.17 
	2.37 
	7.93 
	2.23 
	6.91 

	40
	2.33 
	10.11 
	2.14 
	8.43 
	2.02 
	7.43 
	1.94 
	6.63 
	1.87 
	6.13 
	1.81 
	5.64 

	45
	1.91 
	7.28 
	1.81 
	6.40 
	1.75 
	5.95 
	1.71 
	5.65 
	1.68 
	5.37 
	1.66 
	5.20 

	50
	1.72 
	5.93 
	1.67 
	5.56 
	1.65 
	5.36 
	1.63 
	5.24 
	1.62 
	5.15 
	1.62 
	5.08 


Table 5-1 Case 1a and D10 simulation results (electrical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	10.46 
	66.70 
	10.05 
	55.86 
	9.55 
	46.41 
	9.00 
	38.18 
	8.33 
	29.98 
	7.40 
	19.78 

	35
	7.22 
	41.53 
	6.89 
	34.12 
	6.56 
	28.34 
	6.22 
	23.27 
	5.85 
	18.51 
	5.42 
	13.62 

	40
	5.58 
	26.36 
	5.34 
	21.94 
	5.13 
	18.34 
	4.94 
	15.66 
	4.76 
	13.09 
	4.59 
	11.14 

	45
	4.78 
	18.05 
	4.63 
	15.32 
	4.52 
	13.54 
	4.43 
	12.07 
	4.36 
	11.18 
	4.30 
	10.46 

	50
	4.41 
	13.61 
	4.33 
	12.29 
	4.28 
	11.37 
	4.24 
	10.87 
	4.22 
	10.47 
	4.20 
	10.17 


Table 5-2 Case 1a and D10 simulation results (mechanical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	8.18 
	47.68 
	7.78 
	40.02 
	7.27 
	33.06 
	6.71 
	27.15 
	6.06 
	21.71 
	5.22 
	14.87 

	35
	5.51 
	29.74 
	5.12 
	24.22 
	4.75 
	20.05 
	4.40 
	16.52 
	4.05 
	13.32 
	3.67 
	10.08 

	40
	4.10 
	18.87 
	3.80 
	15.35 
	3.57 
	12.92 
	3.37 
	11.14 
	3.20 
	9.48 
	3.04 
	8.03 

	45
	3.36 
	12.88 
	3.17 
	10.87 
	3.05 
	9.59 
	2.95 
	8.68 
	2.88 
	7.99 
	2.82 
	7.44 

	50
	3.00 
	9.74 
	2.90 
	8.71 
	2.83 
	8.20 
	2.79 
	7.73 
	2.77 
	7.44 
	2.75 
	7.26 


Table 6-1 Case 1a and D15 simulation results (electrical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	12.64 
	87.06 
	11.87 
	76.50 
	10.94 
	66.17 
	9.97 
	56.86 
	8.86 
	47.35 
	7.37 
	34.48 

	35
	8.74 
	59.02 
	8.14 
	50.14 
	7.51 
	42.48 
	6.90 
	35.68 
	6.25 
	29.98 
	5.51 
	23.79 

	40
	6.54 
	39.55 
	6.10 
	33.27 
	5.71 
	28.67 
	5.36 
	25.13 
	5.03 
	22.07 
	4.72 
	19.81 

	45
	5.37 
	27.92 
	5.08 
	24.47 
	4.86 
	22.15 
	4.69 
	20.56 
	4.55 
	19.25 
	4.43 
	18.47 

	50
	4.77 
	22.21 
	4.61 
	20.62 
	4.50 
	19.44 
	4.43 
	18.67 
	4.38 
	18.26 
	4.34 
	18.04 


Table 6-2 Case 1a and D15 simulation results (mechanical down-tilt)

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	9.09 
	76.80 
	8.42 
	62.98 
	7.68 
	53.67 
	6.91 
	44.96 
	6.07 
	35.41 
	5.03 
	25.05 

	35
	6.17 
	48.81 
	5.59 
	39.96 
	5.09 
	33.15 
	4.61 
	27.60 
	4.14 
	22.64 
	3.64 
	17.23 

	40
	4.54 
	32.04 
	4.12 
	26.04 
	3.80 
	22.24 
	3.53 
	18.95 
	3.29 
	16.37 
	3.07 
	14.13 

	45
	3.65 
	22.50 
	3.38 
	18.96 
	3.20 
	16.79 
	3.06 
	15.08 
	2.95 
	14.00 
	2.87 
	13.13 

	50
	3.18 
	17.26 
	3.02 
	15.36 
	2.93 
	14.27 
	2.87 
	13.56 
	2.83 
	13.15 
	2.80 
	12.80 


Observations:

· When the horizontal steering is the same direction of the cell, the composite beam width is 42 degrees for two columns AAS antenna and the composite beam width is 25 degrees for four columns AAS antenna, the coverage for two and four columns cases may be worse than single column case with 65 degrees beam width.
· For 5 and 15 radiation elements on each column cases, the optimal down-tilt angle may not be 9 degree. 
3. Conclusion
In this section, simulation of coexistence in Macro cell scenarios with AAS E-UTRA interferer to legacy E-UTRA (case 1a) was performed to investigate multiple columns AAS ACLR at 9 degree down-tilt angle, for both electrical down-tilt and mechanical down-tilt, by using the simulation methodology and assumptions described in [2].  The observations are:
· When the horizontal steering is the same direction of the cell, the composite beam-width is 42 degrees for two columns AAS antenna and the composite beam-width is 25 degrees for four columns AAS antenna, the coverage for two and four columns cases may be worse than single column case with 65 degrees beam width.

· For 5 and 15 radiation elements on each column cases, the optimal down-tilt angle may not be 9 degree.
4. Reference
[1] RP-13xxxx_draft_report_RAN_59_130301_eom
[2] 3GPP TR 37.840 V2.0.0 (2013-02)
Annex: Summarized simulation assumptions and parameters 
The general simulation parameters for the initial simulation cases listed in Table A-1 to Table A-4 are extracted 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

	Down-tilt angle
	9 degrees as the baseline (can be combination of mechanical and electrical), which corresponds to 
[image: image1.wmf]etilt
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= 9 degrees as defined in Section 5.4.3.

	Antenna array configuration (Row×Column)
	B5, B10, B15, D5, D10, D15

	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[2] below:
Table A-2 Element pattern 

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

	Vertical Pattern  method
	
[image: image3.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

V

E

SLA

A

,

90

12

min

2

3

,

q

q

q



	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 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


Table A-4 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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