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Introduction and proposal
A way forward [2] is agreed in last meeting as the guideline to work out the accuracy requirement for radiated transmit power. The way forward text is duplicated from [2] as below:
1. An evaluation of the EIRP accuracy of the non-AAS case for use as a baseline for the following step. 

2. A discussion on applying non-AAS EIRP accuracy as a requirement for the AAS case. Proposals to increase or decrease the AAS EIRP accuracy requirement compared to non-AAS EIRP accuracy must be supported by quantitative arguments.

3. Consideration of how the EIRP accuracy requirement will be applied to AAS, including assumptions regarding beam declaration.

It is agreed to evaluate the EIRP accuracy of the non-AAS BS as the baseline for AAS. An AAS BS can be the integration of non-AAS BS transceivers with the installed antenna with fixed pattern, and it makes sense to use the EIRP accuracy on non-AAS BS as the baseline. 
However, the phase and amplitude errors occurred at different locations in the array result in beam errors, and one thing that is not clear is whether the non-AAS EIPR accuracy is the upper bound of the accuracy requirements AAS BS, or whether phase and amplitude error in AAS BS would lead to worse accuracy than non-AAS BS. It’s necessary to evaluate further the impacts of phase and amplitude errors on the beam accuracy so that the upper bound of accuracy requirement can be figured out.
This document presents the evaluation results using Monte Carlo method. It is found the non-AAS EIRP accuracy is the upper bound for AAS BS and it is suggested to employ the non-AAS EIRP accuracy for AAS BS as well. It is also found that accuracy in main beam and side lobe may be different.
It’s necessary to capture the evaluation results in the TR [1] for future reference so that the rationale deriving the AAS EIRP requirement is clear. 
Text proposals are included for approval
Reference 
[1] R4-141607, AAS WI Technical Report, Version 0.1.0

[2] R4-141198, Considerations for AAS EIRP accuracy declaration
<Text Proposal>

7.1.2
Accuracy requirements

7.1.2.1
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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) 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, or with 99.9% confidence level. The same for the power (in decibel) of the amplitude error is used.

NOTE: The evolution results presented don’t represent the performance of any real implementation.

7.1.2.2
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 7.1.2.2-1 and Figure 7.1.2.2-2.

[image: image10.emf][image: image11.emf] 
Figure 7.1.2.2-1: Effects of phase and amplitude errors on radiation pattern (left: no phase and amplitude error; right: 3dB amplitude error, 0 degree phase error)
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Figure 7.1.2.2-2: 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)

7.1.2.3
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 7.1.2.3 are listed in Table 7.1.2.3-1.  

Table 7.1.2.3-1: 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 7.1.2.3-1 shows the impacts on maximum gain in the main beam. The loss of maximum gain refers to different 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. The loss of maximum gain increases with the increase of phase error. However, the gain loss is not significant for smaller array size, and the increase of maximum gain loss is no longer significant when the array size grows.

Figure 7.1.2.3-2 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. The accuracy is improved as array size increases, and larger phase errors result larger error in maximum gain in main beam. It can be found the accuracy of maximum gain in the main beam is bounded by the array size of 1x1, which is equivalent of non-AAS BS connected with antenna with fixed radiation pattern.

Figure 7.1.2.3-3 shows the accuracy of maximum gain in the 1st side lobe. The number of trails is also 10000. The similar phenomena as for the maximum gain in main beam can be observed, however, the accuracy is much worse than in the main beam. For smaller array size such as 8x1 array size, the error could be more than 10dB. Even for array size of 8x8, the error is still between 2-4 dB when phase error varies from 5 degree to 80 degree. It’s clear that the main beam and the side lobe subject to different impacts of the phase and amplitude error while the side lobe is much more sensitive to those errors.  

From the evaluation above, it can be found the accuracy of the maximum gain in main beam is bounded by the accuracy of 1x1 array size, which is equivalent to non-AAS BS connected to conventional antenna with fixed radiation pattern. It can also be found that the main beam and side lobe may have different accuracy requirements.
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Figure 7.1.2.3-1
Loss of max gain in main beam in dBi
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Figure 7.1.2.3-2
Accuracy of max gain in main beam (3 times of the standard deviation)
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Figure 7.1.2.3-3
Accuracy of max gain in 1st side lobe (3 times of the standard deviation)

7.1.2.4
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 7.1.2.4 are listed in Table 7.1.2.4-1. 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 7.1.2.4-1: 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 7.1.2.4-1 compares the loss of maximum gain in main beam in case of 0 degree and 9 degree e-tilt. It can be found the 9 degree e-tilt suffers 0.3dB more maximum gain loss.

Figure 7.1.2.4-2 compares the accuracy of maximum gain in the main beam. The case of 9 degree e-tilt suffers a tiny bit more errors but the difference between 0 degree and 9 degree e-tilt is small.
Figure 7.1.2.4-2 compares the accuracy of maximum gain in the 1st side lobe in case of different e-tilt. Again, the case of 9 degree e-tilt suffers more but the difference is very small.
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Figure 7.1.2.4-1
Loss of max gain in main beam in dBi in case of different e-tilt angels
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Figure 7.1.2.4-2
Accuracy of max gain in main beam in case of different e-tilt angles
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Figure 7.1.2.4-3
Accuracy of max gain in 1st side lobe in case of different e-tilt angles

<End of Text Proposal>
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