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1	Introduction
1.1	Two orthogonal cuts with pattern multiplication
This contribution further discusses the open issue related to the two orthogonal cuts with pattern multiplication procedure, which is specified in TR 37.941 [1] and TS 38.141-2 [2]. The procedure is used to test the OTA BS output power, SEM and OBUE requirements. A shortcoming was identified in the specification of the two orthogonal cut procedure, which makes it not directly usable for computing TRP estimates from a set of discrete data [3]. This document highlights the shortcoming, aiming to initiate discussion and outline possible solutions.  

1.2	CLTA maximum height
At the RAN4#96-e meeting, a way forward on selecting CLTA maximum height [4] was approved with two possible options for down selecting. No consensus was reached at the last meeting. This document evaluates the two options and concludes with our proposals. 
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2.1	Two orthogonal cuts with pattern multiplication
According to Sections 6.3.2.2.2 and 6.3.2.3.2 in TR 37.941 [1], the procedure for the two orthogonal cuts with pattern multiplication is as follows:

Use this method when the antenna symmetries are compatible with pattern multiplication, see clause 6.3.2.5. Following steps are performed during the measurement:
1.	Calculate the reference angular steps as described in clause 6.3.2.1.
2.	Align the BS to allow for proper pattern multiplication. Measure EIRP on two orthogonal cuts with steps smaller or equal to the reference steps according to step 1. 
3.	Apply pattern multiplication to extrapolate the two cuts data to full-sphere.
4.	Apply numerical integration to obtain the TRP estimate.

Referring to Step 4 above, numerical integration should be applied to compute the TRP estimate from the set of discrete data obtained through extrapolation in Step 3. However, the formula provided in Section 6.3.4.5 for computing TRP estimate is as follows: 
	 
The above integral is not in a numerical form where it can be directly applied to compute the TRP estimate from the discrete data.  
 Observation 1: The TRP formula for the two orthogonal cuts with pattern multiplication cannot be directly used to integrate a set of discrete data samples.

Based on the above observation, the integral can be approximated as summations of discrete data samples using a numerical integration technique (e.g., Trapezoidal rule) as follows:



 = number of intervals in the -range of the forward hemisphere (here, it is assumed that the number of intervals in the backward hemisphere is the same as in the forward one)  
 = number of intervals in the -range of the forward hemisphere (here, it is assumed that the number of intervals in the backward hemisphere is the same as in the forward one)

An alternative approach is to change the integral in the -space into an integral in the -space using the Jacobian of the coordinate of transformation. Hence, the integral becomes

 


, which is the Jacobian determinant, is 
 

Substituting the Jacobian determinant into the integral, we have 

 

As in the previous approach, the same numerical integration technique can be applied to discretize the integral. The integral becomes

 

 = number of intervals in the -range of the forward hemisphere (here, it is assumed that the number of intervals in the backward hemisphere is the same as in the forward one)  
 = number of intervals in the -range of the forward hemisphere (here, it is assumed that the number of intervals in the backward hemisphere is the same as in the forward one)
 
 

An example of two orthogonal cuts is shown in Figure 1. A forward and a backward hemisphere are separated by the antenna plane (i.e., the -plane in Figure 1). The antenna plane slices through the origin of the sphere. Either one of the hemispheres can be chosen as the forward hemisphere and the other as the backward hemisphere; this has no influence on the outcome of TRP computation. 
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Figure 1: Two orthogonal cuts

It is worth mentioning that the approaches produce the same end result. The first approach differs from the second one in the coordinate system that it uses to compute TRP. As compared with the first approach, the second one does not need to perform coordinate transformations as spherical grids are typically used in a test chamber.    

2.2	CLTA maximum height
The listed two possible options in the approved WF are as follows:
Option 1 (with possible enhancements if necessary): 
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Option 2 (with possible enhancements if necessary): 
· 
The half-power vertical beam width of the out of band CTLA equals , where


 
h is the test object vertical radiating length in meter. The value 2.5m may be further discussed.
θ is the narrowest declared (D.3) vertical beam width of test object antenna. 
foperatingband  is the centre frequency of operating band of test object antenna.
fcoLocatedband is the centre frequency of co-located band

Option 1 retains the existing definition and extend the vertical radiating dimension definition for in-band CLTA to out-of-band CLTA. This means, there are two definitions related to the vertical length of the out-of-band CLTA. Although the added definition is simple, this option poses challenges in determining which definition should be used. Furthermore, the vertical radiating definition could make the beam width definition redundant.  
Option 2 uses the existing definition as a baseline for making enhancements when co-located frequency bands are lower than the operating frequency band. When the co-located frequency bands are high frequencies, no changes to the definition. This option is also simple, but it might have overlooked some extreme cases when the co-located bands are very high frequencies.       
As there are pros and cons associated with either of the options, there is no strong preference. Since Option 1 incurs minimum changes to the TS, it is Ok to proceed with Option 1 provided Note 2 is revised as follows:

	Parameter
	In-band CLTA
	Out-of-band CLTAs

	Vertical radiating dimension (h)
	Test object vertical radiating length ±30%
	Test object vertical radiating length ±30%
(Note 2)

	Horizontal beam width
	65° ± 10°
	65° ± 10°

	Vertical beam width
	N/A
	The half-power vertical beam width of the CLTA equals the narrowest declared (D.3) vertical beamwidth ±3°
(Note 2)


	Polarization
	Match
	Match to in-band

	Conducted interface return loss
	> 10 dB
	> 10 dB

	NOTE 1: If a multi-column or multi-band antenna is used the column closest to the NR BS shall be selected while other columns are terminated during testing.
NOTE 2: Beam width definition may be used in combination with vertical radiating dimension definition and vice versa to determine suitable CLTA. 




3	Conclusions
3.1	Two orthogonal cuts with pattern multiplication
The paper has identified and discussed a shortcoming with the current equation for the two orthogonal cuts with pattern multiplication for computing TRP estimates. The following observation has been made:  

Observation 1: The TRP formula for the two orthogonal cuts with pattern multiplication cannot be directly used to integrate a set of discrete data samples.

 Two possible solutions have been outlined to address the shortcoming. CRs are provided to illustrate how the solution can be captured. 

3.2	CLTA maximum height
This document has assessed the two options outlined in the WF for down selecting. There are pros and cons associated with both options. Consequently, no strong preference for either of the two. Since Option 1 incurs minimum changes to the TS, it is Ok to proceed with Option 1 provided Note 2 is revised as follows:

	Parameter
	In-band CLTA
	Out-of-band CLTAs

	Vertical radiating dimension (h)
	Test object vertical radiating length ±30%
	Test object vertical radiating length ±30%
(Note 2)

	Horizontal beam width
	65° ± 10°
	65° ± 10°

	Vertical beam width
	N/A
	The half-power vertical beam width of the CLTA equals the narrowest declared (D.3) vertical beamwidth ±3°
(Note 2)


	Polarization
	Match
	Match to in-band

	Conducted interface return loss
	> 10 dB
	> 10 dB

	NOTE 1: If a multi-column or multi-band antenna is used the column closest to the NR BS shall be selected while other columns are terminated during testing.
NOTE 2: Beam width definition may be used in combination with vertical radiating dimension definition and vice versa to determine suitable CLTA. 
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