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< start of changes >
10.2.2.4
Far Field Criteria for the baseline measurement setup

The minimum far-field distance R for a traditional far field anechoic chamber can be calculated based on the following equation: 
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where D is the diameter of the smallest sphere that encloses the radiating parts of the DUT. The near/far field boundary for different antenna sizes and frequencies is shown in Table 10.2.2.4-1.
Table 10.2.2.4-1: Near field/far field boundary for different frequencies and antenna sizes for a traditional far field anechoic chamber
	D(cm)
	Frequency (GHz)
	Near/far boundary (cm)
	Path Loss(dB)
	Frequency (GHz)
	Near/far boundary (cm)
	Path Loss(dB)

	5
	28
	48
	55
	100
	168
	76.9

	10
	28
	188
	66.9
	100
	668
	88.9

	15
	28
	420
	73.8
	100
	1500
	96

	20
	28
	748
	78.9
	100
	2668
	101

	25
	28
	1168
	82.7
	100
	4168
	104.8

	30
	28
	1680
	85.9
	100
	6000
	108


As can be seen in the table, the distance can be very large for larger antenna sizes and higher frequencies. This could lead to very large chambers that would be prohibitively expensive.

Generally, the exact antenna size of the DUT is unknown since the device will be in its own casing during the test and this also depends on other factors such as ground coupling effects that depend on the design. The largest device size (e.g. diagonal) could be used; however, this would lead to very large chambers even for relatively small devices. A practical way to determine the far field distance is needed.

In [R4-168320], [R4-1700955], it was proposed to determine the testing distance based on a manufacturer declaration. One of the risks of this approach is that a distance shorter than the actual far field is chose. It should be further studied whether this could lead to underperforming devices passing the tests due to measurement inaccuracies (e.g. whether a shorter distance will lead to better measurement results than the actual far field distance).

In [R4-1700531] an experimental method was proposed to determine the far field distance based on path loss measurements. This method is based on the fact that the path loss exponent is different in the near field and the far field. By measuring the path loss gradient over a certain distance, the near/far field boundary could be found. The results of an experiment conducted on a Band 3 LTE device are shown in Figure 10.2.2.4-1. The minimum far field distance can be found at the regression intercept point.
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Figure 10.2.2.4-1: LTE UE FDD band 3 measurements to determine the minimum far-field distance.

The figure shows an example result for the case where the frequency is 1.85 GHz.  The approximate device dimensions were 13 x 8 cm.  Under these conditions, the canonical minimum far-field distance would be 28.7 cm.  According to this method, the minimum measurement distance would be 13.8 cm.  Further work is required to determine whether this technique provides valid results for much higher frequencies and general device types.

Methods to reduce measurement distance for AAS are Compact Antenna Test Range, One Dimensional Compact Range, and Near Field Test Range which are all listed in [21]. These may be used for NR provided they meet the equivalence criteria relative to the baseline measurement setup. Other methods are not precluded.

10.2.2.6
Sampling grids for TRP measurements

10.2.2.6.1
Full-sphere uniform sampling grid

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 j 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). N and M are chosen, depending on the type of test, to yield the correct angular intervals corresponding to an acceptable measurement uncertainty for each specific emission requirement. 

An approximatively numerical expression for calculating TRP from spatial point grid is given below.


[image: image3.wmf](

)

(

)

(

)

(

)

n

N

n

M

m

m

n

p

m

n

p

f

EIRP

f

EIRP

NM

f

TRP

q

j

q

j

q

p

sin

,

,

,

,

2

)

(

1

1

1

0

2

1

å

å

-

=

-

=

+

»


It is important to note that the sample points (n, m) only need to be measured for n=1 through N-1, and for m=0 through M-1. Thus, no data need to be recorded at positions corresponding to =0 and  radians, nor at positions corresponding to =2 radians (=0 measurement data are recorded), because those points are not used. 
Decreasing of sampling density to finite amount of samples affects the measurement uncertainty by two different errors. The first factor is due to inadequate number of samples. If the radiated emission tends to have a directive radiation pattern the sampling grid have to be fine to capture the radiated power accurately, or if the emission can be assumed to have an isotropic pattern the grid can be coarse. The second is a systematic discrimination approximation error due to numerical quantization used to derive the expression above. 

Based on above mentioned numerically expression, total EIRPs is measured for n and m on the surface of the unit sphere at angular intervals of  and . This sampling method or equi-angle method is a conventional method for the TRP estimation. However, for NR TRP test, if the same qui-angle method will be used for the directional signal should be discussed further.
Assume an angular resolution of at least 15 degrees, for example, then the division numbers are selected as N=12 and M=24 for ==15 degrees, it is required that total EIRP to be measured at 264 sampling points on the surface of the unit sphere. 

To overcome the challenges with many sampling points over the whole sphere, TRP can be approximated by measuring and numerically integrating total EIRP along a few cuts, typically one of  and  is fixed and the other is changed in the pattern cuts so that the number of sampling points can be reduced. 
10.2.2.6.2
Orthogonal axis sampling grid
Total EIRP is sampled along all three orthogonal axes. This approach is based on the fact that TRP is assumed to correspond to the average of EIRPxy, EIRPxz and EIRPyz, which means the average of EIRP in the xy, xz and yz-plane, respectively. Thus, TRP can be estimated as:
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where l and k are selected as l=(l-1)=(l-1)(/N) and k=(k-1)=(k-1)(2/N). In practice, total EIRPs are measured in only three planes so that the number of sampling points, N=4N+N-6, could be considerably small in comparison with the full-sphere uniform sampling grid.
10.2.2.6.3
Constant area sampling grid
To estimate the surface integral, the surface of the unit sphere can be portioned into equal-area regions. If (k, k) represents a point in the k-th region, TRP can be approximated as:

[image: image8.wmf](

)

å

=

»

N

k

k

k

f

EIRP

N

f

TRP

1

,

,

1

)

(

j

q

,

where N is the number of the equal-area regions. The challenge with this approach is to find  and  angles corresponding to equal-area regions. 
UV projection can be a candidate of equal erea test point placement. UV projection is a mapping technique used to project a 2D image to a 3DL model’s surface. The mapping can be explained using the following equation.
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or 
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Table 10.2.2.6.3-1 shows some typical mapping from [image: image12.png]


 projection to UV projection.
Table 10.2.2.6.3-1: Exemplary definitions of the scan ranges as a coverage percentage of the solid angles
	Coverage of the solid angles
	Spherical coordinates
	UV coordinates

	100 % (Full sphere)
	 [image: image14.png]8

—180 deg ..

180deg



; 
[image: image15.png]



	u = -1 to +1; 

v = -1 to +1

	90 %
	[image: image17.png]8 = —143 deg... 143 deg



; 
[image: image18.png]



	u = -0.95 to +0. 95; 

v = -0.95 to +0.95

	75 %
	[image: image20.png]8 = —120 deg... 120deg



; 
[image: image21.png]



	u = -0.865 to +0.865; 

v = -0.865 to +0.865

	50 % (Half sphere)
	[image: image23.png]


; 
[image: image24.png]



	u = -0.707 to +0.707; 

v = -0.707 to +0.707

	25 % (quarter sphere)
	[image: image26.png]


; 
[image: image27.png]



	u = -0.5 to +0.5; 

v = -0.5 to +0.5


In order to prove that the area of coverage is preserved for UV projection and distorted at [image: image29.png]


 projection, consider a basic example of a single antenna element (single patch antenna). The following step is used for the analysis.
[image: image31.png]


 projection: fixed step dTheta = dPhi = 2 deg.

UV projection:fixed step dU = dV = 0.1.

The 3D view is shown in Table 10.2.2.6.3-2 for the UV projection and  [image: image33.png]


 projection.
Table 10.2.2.6.3-2: Example to justify UV projection
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Non-uniform density of monitoring points, fixed step dTheta = dPhi = 10 deg.
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Uniform density of monitoring points, fixed step dU = dV = 0.1.


According to these results, UV projection monitoring points provides the uniform density test points on the sphere surface.
10.2.3
Test Interface

A Test Interface (TI) is needed for certain control and measurement functions. Detailed functions and implementation of the TI are TBD
< end of changes >
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