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1 Introduction
There are a number of OTA transmitter in-band TRP requirements. 

The existing EIRP accuracy requirements have conformance test points which require the test range can be rotated in both axis. In such as case it is assumed that the test range can be used to rotate the DUT in any direction and hence a sample based TRP measurement can be made.

As the MU budget has been done in detail for EIRP measurements, much of this information can be used to estimate the MU for a TP measurement using the same test ranges.
This paper looks at the in-band TRP requirements and the additional measurement uncertainties which should be considered over eth EIRP measurements.
2 Discussion

2.1 Background
There were 4 test methods investigated which were suitable for measuring the EIRP accuracy requirement

-
Indoor Anechoic Chamber
-
Compact Antenna Test Range
-
One Dimensional Compact Range Chamber
-
Near Field Test Range
The one dimensional compact range chamber is not capable of rotating the DUT in both axis and hence is not suitable for a TRP measurement. However the remaining 3 test systems should be suitable.

The indoor anechoic chamber is perhaps conceptually the simplest of these as it employees a calibrated far field path in a screened chamber.
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This will be used to further discuss the TRP requirements
2.2 OTA TRP requirements
The following can be considered in-band TRP requirements
	Requirement
	Equivalent Conducted TT
	OTA

	9.3.2 OTA base station output power – OTA maximum output power
	0.7 dB, f ≤ 3.0GHz
1.0 dB, 3.0GHz < f ≤ 4.2GHz
	TRP (> EIRP accuracy)
- Sample point degradation
 - Test system dynamic range

	9.7.3 OTA Adjacent Channel Leakage power Ratio
	0.8dB (relative Req.)
0dB (absolute Req.)
	Differential TRP
 - many errors cancel out
 - low power adjacent signal may be effected by  noise and test system DR.
Absolute TRP
 - no TT applied, MU still needed
 - low level TRP affected by noise and test system dynamic range

	9.7.4 OTA Spectrum emission mask / 9.7.5 OTA Operating band unwanted emission
	1.5db (low offsets) (1.8dB>3GHz)
0dB (large offsets)
	


Some of the important distinctions to consider are:

· The measured power level and the effective dynamic range of the OTA requirement

In many directions the radiated power will be significantly power than the noise floor of the test system.

· The number of measurement points and the measurement grid

· The expected spatial pattern of the radiated power.

2.3 TRP measurement
TRP is defined as the integral of the power density around the sphere:
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,where PD(d,,)  is the total power density in W/m2 at a distance d of two orthogonal polarizations.
As the OTA measurement systems already characterised effectively measure EIRP, this can also be represented as an integral of EIRP values around the sphere
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An integral of course assumes an infinitesimally small step size, which is not possible to measure, so any actual measurement of TRP is based on the sum of EIRP measurements
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,where total EIRP of two orthogonal polarizations is sampled at N locations along the -axis and M locations along the φ-axis.
Based on the work done to calculate EIRP accuracy we can assume that each EIRP measurement has a MU of :

Table 10.3.2.3-1: EIRP Test Tolerance values

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	Test Tolerance [dB]
	1.0
	1.2


Prior to the core agreements to represent emissions as TRP, there were a number of studies done on potential measurement grids and how the number of test points can be minimized
There are a number of important points to consider when estimating the number of points required for an accurate measurement
· Distance between sample directions
· Number of cuts through sphere

· Dynamic range of the measurement equipment.

Each of these can contribute error on top of the EIRP accuracy value.
2.3.1 Distance between sample directions

This was investigated in [2]and [3]. In [3] a number of different beam width radiation patterns were simulated and the output power accuracy was calculated vs. the measurement grid step size:
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Figure 1. TRP accuracy vs. step size for different beam widths
Where: 1) Omni
(360° HBW, 90°VBW, 1x1), 2) Wide
(90° HBW, 90°VBW, 1x1), 3) Tri-sector  (65° HBW, 6°VBW. 1x10, 0.9λ spacing), 4) Tri-sector azimuth  beam steer (6° HBW, 6°VBW, 14x10, 0.6λ H spacing, 0.9λ V spacing), 5 Tri-sector very narrow beam   (1° HBW, 6°VBW, 64x10, 0.6λ H spacing, 0.9λ V spacing)

In addition accuracy can be improved It can be seen that the required step size is related to the beam width, hence when there is some knowledge of the beam shape it is possible to significantly reduce the number of test points. It was also shown that the non-linearity’s seen in the curves in figure 1 are due to misalignment between the beam centre and the measurement grid, alignment of the grid to the beam direction removes these non-linearity’s and further improves the TRP accuracy.

For the TRP output power accuracy requirement therefore where the beam width is declared the following rules may be applied to obtain an accurate TRP measurement with a greatly reduced grid:

1) Only a single beam (at max power case) in the reference beam direction need be tested

2) The signal grid can be defined as follows:

· Step size in Theta and Phi may be different

· Steps size should be < the beam width in that axis

· The grid should be aligned so that there is a sample point at the centre of the beam.

3) The range of angles considered during conformance can be limited to 8* the beam width

For in band emissions (ALCR and operating band unwanted emissions) the beam shape is not known. However it has been shown that the adjacent channel noise pattern will range between the wanted beam shape (if adjacent channel noise is correlated) to the element pattern (if the noise is uncorrelated). Hence worst case the beam width of the unwanted signal will be that of the wanted signal. If the beam is wider than the step size is not required to be as small, however the range of angles considered must be wider resulting in a similar number of points.
Unlike the wanted signal the noise pattern is not known precisely and the element pattern is not declared directly, however the beam pattern will become self evident as the measurement begin, so the number of test points could be adjusted as the measurement are taken.
The exact methodology for reducing the number of grid points does not perhaps have to be mandated by 3GPP, more importantly however we must assess the allowable MU to account for due to a reduced grid.

Based on the results in [2]and [3], the effect can be kept to a minimum and errors in the range 01. – 0.2 dB seem reasonable.

2.3.2 Number of cuts through the sphere

In [4] the effect of using 2 cuts to estimate the TRP vs. using the entire sphere were compared with the results as follows:
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It was found that when the beam was pointing forward the errors were very small, however as the beam was steered then the error grew. For measuring the wanted signal it is intended that the measurement is done with the beam in its reference position, so the error is likely to be very small. However for noise based emissions where the bema shape is less well defined the performance may be more like the effect of steering the beam. 

Based on the results in [4], it would seem s an error of approx 0.1dB could be applied for the wanted signal MU and approx 0.5dB of the unwanted signals.
2.3.3 Dynamic range

In paper [1] the effect of the dynamic range of the test system was analyzed, it was found that the narrower the bema the greater the effect on the error.

[image: image7.emf]0 5 10 15 20 25 30 35 40 45 50

0

5

10

15

20

25

Effect of measuremet dynamic range on Directivity accuracy

Dyanmic range (dB)

Directivity error (dB

 

 

10x4 array pattern

10x1 array pattern

4x1 array pattern

element pattern


This is perhaps fortunate as narrow beams are intentionally generated at full power and hence will be less susceptible to reduction in the test system dynamic range due to the noise floor.

Unwanted signals are more likely to follow the element pattern and hence be wider and less susceptible to dynamic range reduction.
In [1] it was calculated that the far field FSPL was approx 60dB, and that the power measurement equipment could measure down to -100dBm (note the EIRP accuracy figured used so far is accurate to only -70dBm). Meaning the noise floor of the system is approx -40dBm. This is perhaps a conservative estimate but sufficient for an example.
Wanted signal is likely to be at a high power level for example 43dBm with antenna gain of 17dBi (EIRP of 60dBm), hence the dynamic range of the test system will be >100dB, which will result in very little error.

The lowest in band emissions requirement is -15dBm in 1MHz, this gives a DR of approx 25dB, for a narrow beam this could give an error up to 3dB, however it is more likely that unwanted emissions will be in the shape of the element pattern rather than the main beam in which case the likely error is greatly reduced.
It should also be considered that the EIRP accuracy is quoted down to -70dBm not -100dBm so whilst the dynamic range is acceptable the accuracy of each of the EIRP measurements needs further consideration.

For wanted signal the error due to DR is small (0.1dB).
For unwanted signals it is possible the error will be higher depending on the shape of the unwanted radiation pattern. Also additional error should be added to the power measurement equipment.

2.3.4 Example

Based on the figures given in the preceding sections a initial TRP error budget can be started. Note this is presented as an example so the effect of the TRP errors can be seen on the total. The exact errors need to be further agreed upon.

It assumed the errors are independent and the error distribution is Gaussian. 

	 
	wanted signal
	 
	Unwanted signal 
	 

	 
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz

	EIRP Error  (1.96σ)
	1
	1.2
	1*
	1.2*

	EIRP Error  (σ)
	0.51
	0.61
	0.51
	0.61

	Grid reduction
	0.2
	0.2
	0.2
	0.2

	Errors for 2 cuts
	0.1
	0.1
	0.5
	0.5

	Dynamic Range error
	0.1
	0.1
	0.2
	0.2

	Total  (σ)
	0.57
	0.66
	0.77
	0.84

	1.96 σ
	1.11
	1.29
	1.51
	1.65


*The effect on test equipment signal level being below -70dBm has not been considered

Using the above figures the MU for the wanted signal is approx 0.1dB higher and the unwanted signal is 0.5dB higher. 
3 Summary

The previous analysis carried out on 3 different error contributors to the TRP has been summarised in this paper and each of the errors has been quantified with a view to forming an initial error budget for in-band TRP MU.
The results have shown that each of the errors can be controlled and kept in the order of a few tenths of a dB.

The lower power levels and less certain beam shape of the unwanted signal means that estimated errors are higher for the unwanted signal than they are for the wanted signal.

The example of the final budget indicates that the wanted signal MU will be approx 0.1dB higher than for EIRP and that the unwanted signal will be 0.5dB higher. 

The differential ACLR measurement has not been considered here, it may be the case that the EIRP error is smaller for this test as some of the errors will be common to both the wanted and the unwanted signal measurements and hence cancel.
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