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Introduction and proposal
In order to gain some insights on beam behaviors upon the presence of phase and amplitude errors occurred at different locations in an AAS BS, this document presents some evaluation results using Monte Carlo method. The simulation is based on the assumption of a specific modeling of the equivalent phase and amplitude errors at the antenna elements.
Simulation results could be different when the phase and amplitude errors are modeled differently. The modeling could deviate significantly in real systems, and therefore the simulation results don’t represent the performance of any real implementation, and don’t suggest any requirement on the radiation performance of AAS BS.
The phase and amplitude are modeled as independent statistical variables. When the phase and amplitude are correlated, the beam accuracy may not be sensitive to the dimension of the array.

For the purposes stated above, the simulation results are suggested to be captured in the Annex B of [1] for information.
Reference 
[1] R4-143416, AAS TR 37.842 Ver 0.2.0
[2] R4-142463, AAS WI Priority for next meeting
<Text Proposal>

Annex B
Simulation results (informative):
B.2
Beam behaviours upon phase and amplitude errors

In order to gain some insights on beam behaviors upon the presence of phase and amplitude errors that could occur at different locations in an AAS BS, the beam accuracy is evaluated using Monte Carlo method. The simulation is based on the assumption of a specific modeling of the equivalent phase and amplitude errors at the antenna elements. Simulation results could be different when the phase and amplitude errors are modeled differently. The modeling may deviate significantly in real systems, and therefore the simulation results don’t represent the performance of any real implementation, and don’t suggest any requirement on the radiation performance of AAS BS.
The phase and amplitude are modeled as independent statistical variables. When the phase and amplitude are correlated, the beam accuracy may not be sensitive to the dimension of the array.

B.2.1
Modelling of phase and amplitude error for radiation pattern

There are many error sources in the AAS system that could introduce phase and amplitude errors which eventually impact the radiated transmit power accuracy. The transmitter array may introduce phase and amplitude errors; the RDN may introduce additional phase and amplitude errors occurred in the phase shifters, current distributors, as well as VSWR at different circuit conjunction points; the radiation elements may introduce additional phase and amplitude errors due to placement errors during installation and manufacturing process. The composite phase and amplitude errors could be modeled as the equivalent errors at each antenna element, and the equivalent weighting vector due to phase and amplitude errors at the ( m,n )-th transceivers 
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where 
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 is the amplitude error and 
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 is the phase error occurred at the (m ,n)-th transceivers. The phase error is modeled as normal distribution with zero as the mean and 
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as the standard deviation. The power of 
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measured in decibel (or
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) is modelled as normal distribution, and the mean and the standard deviation are zero and
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. Using the symbols and formula defined in sub-clause 5.4.4.1.5 in TR37.840, the radiation pattern with phase and amplitude error included can be denoted as
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Monte Carlo simulation can be used to evaluate the impacts on beam forming accuracy. The error (or “accuracy”) of phase refers to the 3 times of standard deviation of the phase error in normal distribution. The same for the power (in decibel) of the amplitude error is used.

B.2.2
Effects of phase and amplitude error on radiation pattern

The random phase and amplitude errors are equivalent to forming a weighting vector generating a group of random beams. These randomly distributed beams would result in dissemination of radio power in unintended directions and therefore lead to reduced maximum array gain as well as fluctuation of side lobe. Using a 16x8 (Row*Column) array as an example, this effects are clearly illustrated in Figure B.2.2-1 and Figure B.2.2-2.

[image: image10.emf][image: image11.emf] 
Figure B.2.2-1: Effects of phase and amplitude errors on radiation pattern (left: no phase and amplitude error; right: 3dB amplitude error, 0 degree phase error)

[image: image12.emf][image: image13.emf]
Figure B.2.2-2: Effects of phase and amplitude errors on radiation pattern (left: 80 degree phase and 0dB amplitude error; right: 3dB amplitude error and 80 degree phase error)

B.2.3
Impacts of phase and amplitude error on beam accuracy

By modelling the phase and the decibel power of the amplitude error as normal distribution, the impacts on beam accuracy is tested for antenna array of different sizes. The parameters for beam accuracy evaluation in sub-clause B.2.3 are listed in Table B.2.3-1.  

Table B.2.3-1: Parameters for accuracy evaluation
	Parameters
	Values

	Array size (Row x Column) 
	From 1x1 to 8x8

	Phase error (degree)
	From 5 to 80, step size is 5 degree

	Decibel power error (dB) 
	Fixed to 3dB

	eTilt / eScan (degree)
	0/0

	Number of trails for each point
	10000


Figure B.2.3-1 shows the impacts on maximum gain in the main beam. The loss of maximum gain refers to the difference between the mean of 10000 samples of the maximum gain in the main beam to the maximum gain in main beam without phase and amplitude error. 

Figure B.2.3-2 shows the accuracy of maximum gain in the main beam. The accuracy of gain loss refers to 3 times of the standard deviation of 10000 sample of the maximum gain in the main beam. 

Figure B.2.3-3 shows the accuracy of maximum gain in the 1st side lobe. The number of trails is also 10000. 
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Figure B.2.3-1
Loss of max gain in main beam in dBi
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Figure B.2.3-2
Accuracy of max gain in main beam (3 times of the standard deviation)

[image: image16.emf]1

2

3

4

5

6

7

8

1

2

3

4

5

6

7

8

0

2

4

6

8

10

12

14

16

18

20

 

Number of Row

Number of Column

 

Accuracy of max gain in 1st sidelobe (dBi)

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80


Figure B.2.3-3
Accuracy of max gain in 1st side lobe (3 times of the standard deviation)

B.2.4
Impacts of electrical down tilt 

The impacts of electrical tilt on beam accuracy are evaluated in this sub-clause. The parameters for beam accuracy evaluation in sub-clause B.2.4 are listed in Table B.2.4-1. The phase error and amplitude are fixed to 80 degree and 3dB. Accuracy in case of 0 degree and 9 degree e-tilt is evaluated. 

Table B.2.4-1: Parameters for accuracy evaluation
	Parameters
	Values

	Array size (Row x Column) 
	From 1x1 to 8x8

	Phase error (degree)
	Fixed to 80 degree

	Decibel power error (dB) 
	Fixed to 3 dB

	eTilt / eScan (degree)
	9/0

	Number of trails for each point
	10000


Figure B.2.4-1 compares the loss of maximum gain in main beam in case of 0 degree and 9 degree e-tilt. 

Figure B.2.4-2 compares the accuracy of maximum gain in the main beam. 
Figure B.2.4-2 compares the accuracy of maximum gain in the 1st side lobe in case of different e-tilt. 
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Figure B.2.4-1
Loss of max gain in main beam in dBi in case of different e-tilt angels
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Figure B.2.4-2
Accuracy of max gain in main beam in case of different e-tilt angles
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Figure B.2.4-3
Accuracy of max gain in 1st side lobe in case of different e-tilt angles

<End of Text Proposal>
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