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1 Introduction
In RAN4#73 a paper on the EIRP accuracy at steering angles [2] was presented showing that the EIRP error varies with the beam pointing direction, this was further expanded in [3]. The beam shapes investigated in [2] and [3] highlighted the fact that when the beam pointing direction is changed it is possible that the beam shape becomes non-symmetrical and that the beam width definition requires further investigation, this was done in [4]. A further complication exists when the beam shape is changed.
Most simulations to this point have assumed a 10x4 linear array which uses an equally weighted excitation, a steering vector has been applied to change the beam pointing direction but no investigation has been done when other weighting vectors are applied. 

The most obvious alternate beam shape is a wider beam than the maximum gain beam produced by the whole aperture. An obvious use for such a system being that the wide beam is used for cell coverage and the narrower beams used for UE specific beams.

Generating wider beams with an array is not straight forward and there are a number of ways to achieve this, the 2 obvious techniques being:

· Use a single column in the array only to achieve a beam equal to the width of the element
· Use a weighting vector to synthesize a wider beam using all available columns

Each method has pro’s and con’s which are not investigated here, it would seem likely that both will be implemented in different scenario’s hence both will be considered in this paper.

This paper focuses on investigating the effect of from the AAS model from [1] and the effect of these errors on beam shapes which are not the ‘maximum directivity’ beams which have been previously investigated. The intention being to identify lilely worst case scenarios which the EIRP declarations should cover.
2 Discussion

The AAS model used in [1] has been used for the analysis, gain and phase errors have been applied with normal distribution to each transceiver unit in the transceiver unit array and to each array element in the antenna array, An RDN with a 1:1 mapping is assumed.

The errors have been allocated as follows:


Transceiver element gain accuracy = normal distribution with σ = 2dB/5 (capped at +/- 2dB)


Transceiver element phase accuracy = normal distribution with σ = 10°/5 (capped at +/-10°)


Antenna array element gain accuracy = distribution with σ = 1dB/5 (capped at +/- 1dB)


Antenna Array element phase accuracy = normal distribution with σ = 10°/5 (capped at +/-10°)

The errors have been allocated as non-correlated random values to each transceiver or element.

Worst case and standard deviation results are shown for both the beam pointing direction and the all the points within the 3dB beam width so that the performance of the beam centre can be compared with the whole useful part of the beam.

Equal illumination (Ref)

The case most simulations have been carried out on to this point is a 4x10 array with equal illumination on all elements producing a high directivity, narrow beam.
[image: image1.emf]-150 -100 -50 0 50 100 150

-25

-20

-15

-10

-5

0

5

azimuth plot

phi (deg)

directivity (dB)

-40 -30 -20 -10 0 10 20 30 40

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

azimuth plot

phi (deg)

directivity (dB)


Figure 1. Directivity variation in azimuth for 4:10 array (20 samples)

The statistical results for 10,000 samples are:
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Figure 2. Histogram of EIRP error – 4x10 array, narrow beam.
The EIRP variation is small compared to the original error sources, however at the beam centre is less than that shown over the 3dB beam width.
Single column (wide beam) 
A simple way to generate a wider beam pattern is to only illuminate a single column of the array. If a single column is illuminated then the azimuth pattern will be that of the element.
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Figure 3. azimuth directivity plots, 10x4 array all columns illuminated, single column illuminated
Clearly the directivity has dropped, it is also conceivable that the total output power will be 4 times lower, as only 1 of the 4 column are being used. As it is only the EIRP variation (from expected value) which is being considered here, these important facts are none the less not relevant.

As the single column cannot be steered in azimuth then only the variation at the zero steering direction can be investigated.

In [2] where the steering was being investigated the amplitude variation could be ignored as it did not affect the additional error due to steering, however in this case the amplitude profile has been changed so we cannot ignore the amplitude.

[image: image6.wmf]-150

-100

-50

0

50

100

150

-25

-20

-15

-10

-5

0

5

azimuth plot

phi (deg)

directivity (dB)

-30

-20

-10

0

10

20

30

40

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

azimuth plot

phi (deg)

directivity (dB)


Figure 4. Directivity variation in azimuth for 1:10 array (20 samples)

The statistical results from 10,000 samples are:
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Figure 5. Histogram of EIRP error – Single column wide beam.
The variation over the 3dB beam width is and the variation at the beam pointing direction is the same, This is expected as the phase error has no effect on a single column and the amplitude error will affect all points equally.
The variation is worse when only a single column is used, this is intuitive as it is assumed that the errors are independent and lognormal with the same mean. Hence the larger the number of elements the greater the averaging effect and the lower the variation.
It is worth noting that as the amplitude errors are normal in the logarithmic domain (i.e. ±2dB), the signals from each of the elements are added in the power domain, hence the resulting standard deviation is not the sum of the variances as it would be if adding the logarithms.

Synthesized wide beam

As discussed for some implementations it may be a better solution to use all elements in the array to synthesis a wide beam. This has the advantage that the full power available can be directed to the beam, however with the disadvantage that the beam shape is somewhat different from that of the element pattern alone.
One method of generating a wider beam without using an amplitude taper is to use a quadratic phase distribution. With only a few elements this has the disadvantage of a large ripple, however it is simple to synthesis and illustrates the effect of variation on the beam pattern.
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Figure 6. Directivity variation in azimuth for 4:10 array with 0.8π quadratic phase distribution (20 samples)

It can be seen from the plot in Figure 6 that it is slightly harder to define points at which to take the variation statistics. The ripple in the above beam shape is approx 3dB, in some cases the ripple may be greater than 3dB, in these cases the 3dB beam width is not so meaningful. However it is conceivable that such a pattern may be used, so the response will be analysed between the 5dB points rather than the 3dB points.

The results from 10,000 sample are as follows.
[image: image10.emf]-1.5 -1 -0.5 0 0.5 1 1.5

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

histogram EIRP error within beam width

EIRP error (dB)

Frequency

 

 

all points

beam pointing direction

 [image: image11.emf]Beam   3 dB  Beam  width  (deg)  beam centre  Inside Beam  width  

Error  Std  Dev  (dB)  Max  error  (dB)  Error  Std  Dev  (dB)  Max  error  (dB)  

4x10  qua d ratic  phase  distribution  100.6  (5dB)  0.23  0.94  0.31  1.56  

 


Figure 7. Histogram of EIRP error – 4:10 array with 0.8π quadratic phase distribution
The overall EIRP variation is much greater in this example. This is because the beam is synthesised using a phase profile, hence the phase error has a much greater effect on the beam performance.

difference between the beam pointing direction and the results for all point sis much less pronounced in this example
Steered narrow beam
For completeness as the steered beam in [2] was only analysed for the effect of phase error on accuracy due to the steering alone, the full bema width and the effect of the amplitude error is added so it can be compared like for like with the other beam shapes presented.
The statistical results of 10,000 sample are below:
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Figure 8. Histogram of EIRP error – 4:10 array equal illumination, 34.3deg azimuth pan
There is not much difference between the standard deviation of all the points inside the 3dB beam width and the beam pointing direction performance, however there are a number of higher worst case values when all the points are examined.
3 Summary
The effect of beam width on EIRP accuracy has been investigated, 2 methods of generating a wide beam in azimuth from a 4x10 array have been investigated and the EIRP accuracy achieved compared to that from the maximum directivity, minimum beam width beam which has generally been studied in previous papers.
	Beam 
	3 dB Beam width (deg)
	beam centre
	Inside Beam width

	
	
	Error Std Dev (dB)
	Max error (dB)
	Error Std Dev (dB)
	Max error (dB)

	4x10 equal illumination
	24.7
	0.07
	0.29
	0.12
	0.92

	4x10 single column
	70
	0.14
	0.55
	0.14
	0.55

	4x10 quadratic phase distribution
	100.6 (5dB)
	0.23
	0.94
	0.31
	1.56

	4x10 equal illumination 34.3deg pan
	27.3
	0.1
	0.42
	0.15
	1.05


The results show beam patterns which rely on the phase to control the beam shape experience larger errors, the more complex the phase profile the greater the effect of error on EIRP accuracy.

Not only the pointing direction of the beam is important when considering the EIRP accuracy but also the beam width.
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5 Notes

Adding standard deviations

Adding normal distributions results in the variance of the distributions being added. i.e. if you have 10 normal distributions each with standard deviation of 0.5 then the standard deviation of the sums is :




(10x0.52 )0.5 = 1.58

However in this case we are not adding the distributions, the power variation is in dB so we are adding lognormal distributions. The power of each element is added in W not dBm, so for example if adding 2 elements one with +3dB error and one with -3dB error, the result would not be 0dB.


i.e. 40dBm+3dB and 40dBm-3dB is 5W + 20 W = 25W = 44dBm (not 43dBm)
Adding lognormal distributions is harder that just normal distributions.
