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1	Introduction
At the last RAN4#95-e meeting, a way forward on out-of-band CLTA maximum height [1] was approved, capturing the following agreement and open issues:

Proposal 1: The CLTA description is modified to allow a practical implementation when different operating bands require vastly different height antennas.
     
There are 2 issues which need to be clarified with the current definition for out of band CLTA
1.  The practical size of a CLTA
a) Can it fit into a chamber etc.
2. The availability and practicality of the CLTA
a) Are passive antennas available that match the definition

The issue must be considered for both lower frequency out of band CLTA but also higher frequency CLTA.

This document discusses the open issues and presents our views including possible solutions.  
[bookmark: _MON_1249227490][bookmark: _MON_1282989596][bookmark: _MON_1282992763][bookmark: _MON_1283666811][bookmark: _MON_1290505886][bookmark: _MON_1248002274][bookmark: _MON_1248002336][bookmark: _MON_1290505889][bookmark: _MON_1230619646][bookmark: _MON_1230620479][bookmark: _MON_1230620585][bookmark: _MON_1230620596][bookmark: _MON_1230620632]2	Discussion  
2.1	Background
According to TS 38.141-2 and TS 37.145-2, a co-location test antenna (CLTA) is a practical passive antenna that is used for conformance testing of the co-location requirements and is based on the definition of the co-location reference antenna. A CLTA shall comply with the requirements specified in Table 1.
Table 1: CLTA characteristics
	[bookmark: _Hlk24033653]Parameter
	In-band CLTA
	Out-of-band CLTAs

	Vertical radiating dimension (h)
	Test object vertical radiating length ±30%
	N/A

	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°

	Polarization
	Match
	Match to in-band

	Conducted interface return loss
	> 10 dB
	> 10 dB

	NOTE: 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.


  
Observation 1: For out-of-band frequencies, the vertical beam width of the CLTA is set to the narrowest declared vertical beamwidth of the EUT operating band. 

2.2	Vertical half-power beam width and radiating dimension  
For a uniform linear array, the relationship between the half-power beam width (HPBW) and the radiating dimension is given by [2]

where  wavelength of the frequency,  number of elements in the array and  spacing between array elements.   
It is valid to assume the vertical radiating dimension  equals  because the CLTA is typically a single column passive antenna. 
As can be observed from the equation, the vertical radiating dimension is directly proportional to the wavelength of the co-located frequency band for a given HPBW value that is set to the narrowest declared beam width of the EUT operating band.  
Observation 2: The vertical radiating dimension is directly proportional to the wavelength of the co-located frequency band.   

Case 1:  Co-located frequency bands < operating frequency bands of EUT
In this case, the physical height of the CLTA increases as the co-located frequency reduces with reference to Observation 2. When the co-located frequency is significantly lower than the EUT operating frequency, the CLTA will be towering. Consequently, it is impractical and cost prohibitive to demonstrate compliance to the co-location requirements with the current setup in a test chamber.    
To deal with the problem of ever-increasing CLTA height, a few options are listed in [1]:
· to specify the maximum differential height limit between the EUT antenna and CLTA (e.g., the vertical height of the CLTA is capped at X times the height of the EUT antenna). 
· to specify a frequency-based scaling factor for the half-power beam width (e.g., the vertical beam width of CLTA =  ); a differential beamwidth limit can be defined as well. 
· to select the CLTA based on test antenna availability and costs by test engineers, taking into account both the beam width and vertical antenna height requirements.
· Any of the combinations above.

The first and second options would give the same end result as the beam width and antenna height are related as shown in the above equation. The vertical beam width of the CLTA in terms of the declared vertical beam width is 
  
where  is a scaling factor which is greater than 1. To allow flexibility,  may be defined as a range of  to . For example,  = 1.2 and  = 1.6.

Case 2: Co-located frequency bands > operating frequency bands of EUT
This case is the opposite of Case 1. This means, the physical height of the CLTA becomes shorter as the co-located increases. This will result in a big mismatch between the CLTA and EUT antenna. 
The options outlined for Case 1 are also applicable to deal with the antenna mismatch problem. 
The vertical beam width of the CLTA in terms of the declared vertical beam width is
 
 
3	Conclusions
This document has discussed the open issue concerning the vertical height of CLTA. The following observations have been made:  

Observation 1: For out-of-band frequencies, the vertical beam width of the CLTA is set to the narrowest declared vertical beamwidth of the EUT operating band.

Observation 2: The vertical radiating dimension is directly proportional to the wavelength of the co-located frequency band.   
Based on the observations, it proposed to revise the vertical beam width of CLTA as follows:

Proposal 1: The half-power vertical beam width of the CLTA equals 
 	     if , or

  if 

 is TBD. 
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