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1 Discussion
In RAN4#70 and RAN4#71 EIRP accuracy has been discussed, [4], [5] and [7] investigate the effect of gain and phase accuracy of the antenna elements and how this affects the accuracy of the EIRP.

This paper further investigates these variations and their effect on both the main beam EIRP and the level of the 1st side lobe.

The array investigated is nominally a 10x1 ULA with the same element pattern as [6].

The amplitude and phase errors we varied and the effect observed over

•
Varying correlation of errors

•
Different array sizes

•
Different element separation

Random errors within the constraints of the variation were applied as a weighting vector to the array and the beam pattern evaluated, a large number of runs were calculated and the maximum and minimum gain levels at each point were stored. As this is a worst case analysis and the existing requirements are given with absolute limits, the errors were applied within absolute limits with a uniform distribution.
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Figure 1 Beam pattern and gain variation with max and min hold.

Main lobe variation was taken as the larger of the variation between the nominal gain of the main beam and the maximum or minimum values identified.

The measure used for side lobe variation is the variation at the angle of the 1st main side lobe in the nominal pattern. In the above example this is 10.66dB.

Note. this is slightly larger value than the difference in the peak 1st side lobe level (10.503dB) as the peak has moved.
2 Gain and phase variation with varying correlation levels
2.1 Main lobe
Amplitude error was varied between 0 and ±3dB, and phase error between 0 to ±70°.
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Figure 2. EIRP variation vs. amplitude error and  phase error - 3D
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Figure 3. EIRP variation vs. amplitude error (phase error = 0deg),  EIRP variation vs. phase error (amplitude error = 0dB)

A number of things can be noted from these results:

· Correlation levels of 0 and 1 form the boundries (correlation 0.5 has lower variation than both of these).

· EIRP variation is  worst case when the amplitude errors are correlated

· EIRP variation is  worst case when the phase errors are uncorrelated

· Using Result the above observations we can investigate the worst case where amplitude error is correlated and phase error is uncorrelated.
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Figure 4. EIRP variation vs. amplitude error (correlation=1) and  phase error (correlation =0) - 3D,  

EIRP variation vs. phase error (amplitude error = ±2dB)

It can be seen that due to result 1 (above) the variation due to the amplitude error and the variation due to phase error can be treated separately.

EIRP variation due to amplitude error is equivalent to output power variation in legacy systems – εTX

EIRP variation due to phase error is specific to AAS. The variation due to phase error is the result of imperfect beam forming and can be referred to as steering error - Εsteering
The worst case is that the variation due to amplitude and phase add.
So


εTotal = εTX + εsteering

2.2 Side lobe

The EIRP accuracy of the system is defined as that of the main lobe [1] and this is what governs network throughput performance. The variation in side lobe level in the AAS is not covered by the same requirement,.  The side lobe could impact the inter- and intra- cell co-channel interference, the co-channel interference however concerns the average level which is less correlated with the accuracy of each individual beam. 

The analyses below are for information only and the analysis doesn’t imply any accuracy requirements for side lobe, which are FFS.

Now investigating side lobe level variation
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Figure 5. Side lobe level variation vs. amplitude error and phase error – 3D
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Figure 6. Side lobe level variation vs. amp error (ph err=0), Side lobe level  variation vs. ph error (amp err=0),  

From these results we can note

· Side lobe level variation is much greater than main lobe level variation.

· Correlation level of 0 is always the worst case.

Unlike with the main lobe, the amplitude error with correlation 1 does not bound the results, hence it is not as simple to fix that parameter. Instead the relationship amplitude error and phase error for a fixed side lobe variation value can be seen below:
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Figure 7. Required amplitude and phase error points for side lobe level variation compliance (correlation=0).

Unsurprisingly the acceptable points approximate the arc of a circle.

3 Gain and phase variation with array size and element separation

To investigate the effect of the array size on the EIRP variation the number of array elements was swept from 2 to 20 and the same parameters observed.

To examine the effect of the array size on the EIRP and the side lobe level, to reduce the number of sweep variables the amplitude error was fixed at +/-2dB and observed only at correlation level 0.
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Figure 8. EIRP variation vs. Number of elements.

The main thing to note here is that as the number of elements increases (in this case >10) the variation in EIRP reduces and flattens out.
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Figure 9. Side lobe level variation vs. Number of elements.

Variation in side lobe level does not vary significantly with array size.

Finally observing the effect of element separation on the EIRP variation. 

Amplitude error was help constant at +/-2dB and the element separation was varied between 0.4λ to 1.1λ.
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Figure 10. EIRP variation vs. element separation.
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Figure 11. Side lobe level variation vs. element separation.

There is no significant variation in either EIRP variation or side lobe level variation due to the element separation.

4 Conclusion
A number of points have be noted and used to simplify the problem, It has been shown that:

1. Worst case variation occurs when the amplitude error is correlated and the phase error is uncorrelated. When this occurs the amplitude error and phase error contributions can be treated independently

Transceiver error (εTX) – is the maximum amplitude error of each transceiver

Steering error (εsteering) – is the variation in main beam EIRP due to beam forming errors caused by phase error. 

And


εTotal = εTX + εsteering
2. The size and design of the array does not affect the per element requirements for gain and phase accuracy.

a. Once the number of elements is >8, there is very little effect on main lobe or side lobe level variation.

b. Element separation has no effect on main lobe or side lobe level variation.

3. Side lobe variation is much greater than the main lobe variation, the EIRP requirements for side lobe level variation are FFS.
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