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1. Introduction

At last meeting in Gothenburg (RAN4#80) a contribution on how to measure unwanted total power emission [1] was presented. The background and definition of TRP was described, also how TRP can be extracted in an anechoic environment based on EIRP samples over the whole sphere was described. 

This contribution will continue to elaborate around how to reduce the number of spatial EIRP samples required to extract TRP part of ACLR.
2. Discussion

At last RAN4 meeting in Gothenburg (RAN4#80) the outcome of the discussion [2] was that TRP could be used as foundation for spatial ACLR. 
The spatial ACLR is defined as the ratio between the TRP emission and the TRP of the desired signal as: 
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Spatial ACLR is defined as the ratio of neighbour channel emission total radiated power (TRPe) and desired total radiated power (TRPd). It is reasonable to assume that the spatial characteristics of the desired signal is directive, while the spatial characteristics of the neighbour channel emission tends to be less directive. The fact that the directivity properties of the desired signal and the emission signal is different is of great interest when the sampling grid is determined. 
As discussed last meeting, TRP can be approximated from a limited number of sampled total EIRP values around the sphere. Assume that EIRP values are available at uniform angular intervals in along  angle and angle. There are N intervals in  from 0 to  radians, and M intervals in  from 0 to 2 radians. Let n be the index variable used to denote the  measurement points and m be the index variable used to denote the  measurement points. A given angle (aka. sample point) is then specified as (n, m), with (0, 0)=(0, 0) and (N, M)=(, 2). For a uniform sampling grid, in an anechoic test environment the total radiated power (TRP) can be calculated by:
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,where EIRP(n,m) is the total EIRP (power sum of two orthogonal polarizations) sample at different spatial angles covering the whole sphere in a uniform grid.
Spatial ACLR requires total power for the desired signal and the emission signal, TRPd and TRPe. To extract those power levels spatial samples for EIRPd(n,m) and EIRPe(n,m) needs to be measured. Using a modern spectrum analyser EIRPd and EIRPe can be measured at the same time for each (,) point and polarization, as described in a companion contribution [3]. 

A lot of work have been invested to investigate the impact of the above given TRP approximation with respect to the resolution of sampling grids for omni-directive antennas (e.g. UE antennas characteristics). For AAS base stations and spatial ACLR special considerations is required to define valid parameters for the sampling grid, since the directive properties for the desired signal and neighbour channel emission may have different properties with respect to the directivity. Also from the fact that base station antennas are directive, with a very specific angular region in which the antenna is supposed to radiated within (e.g. the backward radiation is very small in terms of EIRP).
The given TRP approximation requires samples around the whole sphere. However, the number of measured samples could be reduced by defining other types of measurement grids. This contribution will elaborate around how the directivity properties for a radiated signal affect the TRP approximation for different sampling grids. The first assumption is to use a uniform measurement grid around the sphere, however for base stations other types of grids may be better to use (e.g. a non-uniform measurement grid).
For a uniform sampling grid, the resolution along the -axis and -axis is == The total number of measured samples along the -axis and -axis can be calculated as:
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For an AAS base station where the intended coverage in general is within the half-sphere associated to the positive x-axis, the number of measured samples along the -axis and -axis can be calculated as:
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, since only one half-sphere is considered for base stations, the number of measured samples along the -axis can be reduced by a factor 2. In the calculation samples for the other half-sphere, is needed but could be assumed pre-fixed to a level well below the strongest signal of interest (e.g. -30 dB).
At the first glance the total number of sample is N.M. But it is important to note that the sample points (n,m) only needs to be measured for n=1 through N-1, and for m=0 though M. Thus, EIRP for points where =0 and  radians, nor at positions corresponding to = radians, because EIRP for those points are not needed since they are overlapping with other samples. 

The total number of sampling points for a uniform sampling grid is therefore: 
[image: image7.wmf]M

N

N

tot

×

-

=

)

1

(


In Table 2-1 the number of spatial point is plotted as function of the grid resolution. 

Table 2-1: Sampling grid versus no of samples
	Sampling Grid resolution, 
	# full sphere spatial samples
	# half sphere spatial samples
	# spatial samples, Ntot

	1
	64800
	32400
	32220

	2
	16200
	8100
	8010

	3
	7200
	3600
	3540

	4
	4050
	2025
	1980

	5
	2592
	1296
	1260

	6
	1800
	900
	870

	9
	800
	400
	380

	10
	648
	324
	306

	12
	450
	225
	210

	15
	288
	144
	132

	20
	162
	81
	72

	30
	72
	36
	30

	45
	32
	16
	12


The sampling grid could be reduced even more, by introducing the concept of coverage area. The base station manufacturer declares for which angles the base station is supposed to operate within. The requirement is defined for the whole sphere and the ACLR calculation requires samples around the whole sphere, but test time could be reduced by measuring EIRP within the region where the base station is supposed to radiate within. Outside, the intended radiation region, EIRP samples could be set -30 dB with respect to the wanted signal. 
The sampling grid resolution will of course have impact on the TRP approximation accuracy. If radiated beams are to narrow and the grid is too sparse, the measurement will miss energy, hence the TRP approximation does not reflect true TRP. I Figure 2-1 and Figure 2-2, the deviation between true TRP and approximated TRP is plotted as function of sampling grid resolution. 

In both Figure 2-1 and Figure 2-2 plots for min, max, median and 5th, 95th percentile is shown. The calculations have considered different starting points or offsets of which the grid is originated in. This is to ensure that effects of starting point of the grid is shown, since it can impact the overall results particularly with a narrow beam, Figure 2-2. In this case, if the offset is large and the starting sample happens to land outside the beam a sample of the beam can be missed entirely.

In Figure 2-1, true total radiated power and approximated TRP is plotted for a wide beam (e.g. for 3-sector coverage) using different sampling grid resolutions. It is clear, that for a wide beam a spare grid can be used, still maintaining good measurement accuracy. A wide beam corresponds to the radiation characteristics for a single element in a AAS base station.
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Figure 2-1: Measured beam pattern, 65 degrees -3dB beam width

In Figure 2-2, true total radiated power and approximated TRP is plotted for a narrow beam (e.g. a beam corresponding to the desired signal) using different sampling grid resolutions. 
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Figure 2-2: Measured beam pattern, 15 degrees -3dB beam width
If a beam is sampled with a too sparse grid, power will be lost, hence the measurement error increases. However, a narrow beam could be measured with small errors by aligning the sampling grid with the peak of the narrow beam. 
For spatial ACLR the grid could be set so the power of the desired signal is captured using a rather large sampling grid resolution, still maintaining the measurement uncertainty.
3. Conclusion

This contribution shows that the number of actual EIRP measurements needed to extract spatial ACLR, can be significantly reduced by using some a priori information about the directive characteristics of the test object. 

It has been shown that narrow radiation requires a fine grid, however for the wanted signal the grid can be set so that the peak of the wanted signal is captured.
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