3GPP TSG-RAN WG4 Meeting #74
R4- 150930
Athens, 9th – 13th February, 2015
Source: 
Huawei
Title: 
EIRP accuracy at varying steering angles
Agenda Item:
7.2.1
Document for:
Discussion
1 Introduction
In RAN4#73 a paper on the EIRP accuracy at steering angles [2] was presented.  It showed that:

· random phase errors occurring at the transmitter units and in the antenna elements (according to the 3 error model in [1] §7.1.2.1) can introduce variation in the beam forming and hence the beam directivity which leads to variation in EIRP.

· The error increases as beam steering direction increases (away from the zero steering direction).

· Variation at the beam 3dB points is greater than at the beam steering direction.

· However variation due to beam steering (panning and tilts) is greater at the beam steering direction that at the direction of the 3dB points.

Whilst the paper showed the results of the analysis it did not explain in detail why the error increased as the beam steering direction was increased. This paper attempts to offer more information as to why this occurs.
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 +/-5°)


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 +/-5°)

The errors have been allocated as non-correlated random values to each element, it is intended to show only the effect of the steering on the EIRP accuracy and not represent the total accuracy figure, as correlated errors between transceiver elements (for example calibration error) will add linearly rather than rms and hence effect the total in a different manner.

Performance indicators
The beam is characterized by the beam pointing direction and beam width, in this case the 3dB points of the beam in elevation and azimuth are used for the beam width.

The example below is a 4x10 element array with 40deg panning applied (to the array factor). Due to the roll off of the element pattern the actual panning angle is 33deg. 
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Figure 1. Elevation and azimuth plots, 10x4 array with 33deg panning and 0deg tilt.
The vertical beam width is 5.6deg and the azimuth beam with is 23.7deg.

It was noted in [2] that EIRP error due to amplitude errors do not change with steering direction, hence only phase errors need to be considered. Applying random phase errors to the model results in errors in the beam pointing direction and the beam width. 
[image: image3.emf]-150 -100 -50 0 50 100 150

-30

-25

-20

-15

-10

-5

0

azimuth plot

phi (deg)

directivity (dB)

 [image: image4.emf]-150 -100 -50 0 50 100 150

-30

-25

-20

-15

-10

-5

0

azimuth plot

theta (deg)

directivity (dB)


Figure 2. azimuth plots, 10x4 array with 0deg panning and 33deg panning (0deg tilt).
It can be seen from Figure 2 that there is some variation in the main lobe (and greater variation in the side lobes which is not of interest here). 

A closer look at the main lobe in each case:
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Figure 3. azimuth plots, 10x4 array with 0deg panning
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Figure 4. azimuth plots, 10x4 array with 33deg panning

Some points to note from the plots are:

· The zero degree pan has lower variation than the 33deg pan.

· In both cases the variation at the 3dB points is much greater than the variation at the centre of the beam.

· The 33 deg panning case is asymmetrical (due to the element pattern being superimposed on the array pattern).

· Variation at the 3dB point closer to the zero steer direction is much greater.

From each of the above simulation cases the statistics are collected at the centre of the beam and at the 3dB points. The example shown is for the azimuth, however the beam is 3 dimensional so there are 2 more 3dB points in the elevation plane as well.
EIRP variation at different beam pointing directions due to phase errors.

Having shown in greater detail how the random phase errors on the array elements can cause greater EIRP error at different steering angles the results from [1]

 REF _Ref405801989 \r \h 
[2] are shown again to indicate how that EIRP error changes with beam steering direction.
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Figure 5. 4x10 array with phase error, with varying beam pointing direction
The phase error was given a standard deviation based on the requirement divided by 5, using the same reasoning the maximum error can be expected to be the standard deviation multiplied by 5. Hence at the centre of the beam:

beam pointing direction  EIRP error due to panning = (0.047-0.007)*5 = 0.22 dB
beam pointing direction  EIRP error due to tilting = (0.0149-0.007) *5 = 0.04 dB

beam pointing direction  EIRP error due to steering (total)= 0.26 dB
And at the 3dB points of the beam the error due to steering is the difference between the error at the zero steer and the error at the maximum steer, it can be seen that although the total error is different the error due to the steering is smaller than for the centre of the beam.
3dB point pointing direction EIRP error due to panning = (0.155-0.132) *5 = 0.115 dB
3dB point pointing direction EIRP error due to tilting = (0.14-0.14) *5 = 0 dB

3dB point pointing direction EIRP error due to steering (total) = 0.12 dB
One other important point to note is that the error due to steering is less in elevation than it is in azimuth, this is due to the larger number of elements in elevation in the example used and hence the random errors are approaching a combined variance of zero the more contributors there are.

Antenna Geometry
As has been pointed out, the larger the number of elements the smaller the variation due to random phase errors, to further investigate this a range of geometries with different row and column numbers have been investigated.

	Columns
	Rows
	Azimuth
	Elevation
	Total

	
	
	Steering direction
	3dB point
	Steering direction
	3dB point
	Steering direction
	3dB point

	4
	10
	0.22
	0.12
	0.04
	0.00
	0.26
	0.12

	2
	10
	0.38
	0.26
	0.04
	0.01
	0.42
	0.27

	1
	10
	x
	x
	0.05
	0.02
	0.05
	0.02

	8
	4
	0.05
	0.01
	0.19
	0.08
	0.24
	0.09

	4
	4
	0.15
	0.06
	0.18
	0.08
	0.33
	0.14

	2
	4
	0.37
	0.22
	0.18
	0.07
	0.55
	0.29

	8
	1
	0.06
	0.02
	x
	x
	0.06
	0.02

	4
	1
	0.16
	0.10
	x
	x
	0.16
	0.10

	2
	1
	0.38
	0.30
	x
	x
	0.38
	0.30


Table 1. Directivity error (for EIRP) for varying antenna geometries

As the array used was linear and the azimuth and elevation assessed using 2d cuts across the zero steering direction, the azimuth and elevation results are almost independent of each other.

The worst case result in the above analysis is 0.55dB, this means that the EIRP variation may be up to 0.55dB greater when the beam pointing direction is at the extreme panning and tilting angles than when it is at the zero steering direction.

It is not suggested that the figure 0.55dB is representative of the worst case in all systems, however it has been shown that the EIRP accuracy is likely to degrade as steering angle is increased.
3 Summary
It has been shown that random phase errors occurring at the transmitter units and in the antenna elements (according to the 3 error model in [1] §7.1.2.1) can introduce variation in the beam forming and hence the beam directivity which leads to variation in EIRP.
The error increases as beam steering direction increases (away from the zero steering direction).

Variation at the beam 3dB points is greater than at the beam steering direction.

However variation due to beam steering (panning and tilts) is greater at the beam steering direction that at the direction of the 3dB points.

Hence worst case EIRP variation must be verified at the declared maximum and minimum beam steering directions.
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