[bookmark: _Hlk37418177]3GPP TSG RAN WG4 #111	R4-2409409
Fukuoka, Japan, May 20 – 24, 2024

Agenda item:		10.2.3
Source:	Nokia
Title:	On OTA test enhancements - CLTA 
Document for:		Approval
[bookmark: _Ref134976538]Introduction

A Way Forward [1] was agreed in RAN4#110bis in Changsha, China. Following agreements were made during the meeting and listed in the WF:
Agreement:
· Step 1: further investigate the improvement of the co-location reference antenna if necessary; 
· Step 2: If this is agreeable, then further discuss e.g. the relevant scenarios, applicable antenna types or define requirements on OTA parameters such as field-strength or power density
This contribution further elaborates Nokia’s view on improving the co-location reference antenna and OTA co-location testing.

[bookmark: _Hlk510705081]BS/IAB OTA co-location reference antenna definition:

Current OTA co-location reference antenna is defined in TS38.104 [2]. Clause 4.9 defines the following:
The co-location reference antenna shall be a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, as the composite antenna of the BS type 1-O and nominal 65° horizontal half-power beamwidth (suitable for 3-sector deployment) and is placed at a distance d from the edge of the BS type 1-O, as shown in figure 4.9-1.
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Edge-to-edge separation d between the BS type 1-O and the co-location reference antenna shall be set to 0.1 m. 
The BS type 1-O and the co-location reference antenna shall be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in figure 4.9-1. 
The co-location reference antenna and the BS type 1-O can have different width. 
The vertical radiating regions of the co-location reference antenna and the BS type 1-O composite antenna shall be aligned. 
For co-location requirements where the frequency range of the signal at the co-location reference antenna is different from the BS type 1-O, a co-location reference antenna suitable for the frequency stated in the requirement is assumed.
OTA co-location requirements are based on the power at the conducted interface of a co-location reference antenna, depending on the requirement this interface is either an input or an output. For BS type 1-O with dual polarization the co-location reference antenna has two conducted interfaces each representing one polarization.
TS38.104 states that the co-location reference antenna shall be a single column passive antenna which has the same vertical radiating dimension (h). 
Observation 1 does not allow use of other type of antennas e.g. wideband horn antennas.
In addition, in TR37.941 [4] clause 6.4.3 defines the standard test antenna as:
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Co-location requirements may also be tested with a standardised test antenna such as a dipole. This has a number of advantages:
-	Standard test antennas are easily available and easier to specify.
-	Repeatability between different conformance testing runs will be greater.
-	Using standard test antennas, fewer antennas will be required for conformance testing.
-	A standard test antenna can have higher gain in the direction of the BS than a CLTA, so that signal levels can be higher relative to the noise floor in emission measurements and lower test levels can be used in interference measurements.
In order to test with a standard test antenna, the translation between measured power levels in the standard test antenna and the co-location reference antenna must be shown. The method for translating the power levels in the co-location reference antenna to the standard test antenna and vice versa is not covered by the present release of this technical report.
TR37.941 defines a standard test antenna with a number of advantages.
TR37.941 defines a standard test antenna that would allow use of other antenna types as currently in TS38.104. Standard test antenna should be implemented in TS38.104.
 RAN4 to study changing the definition of the co-location reference antenna in TS38.104 to allow usage of other types of antennas.

For reference, Co-location test antenna (CLTA) is defined in TS38.141-2 [3]:
[bookmark: _Toc21102623][bookmark: _Toc29810472][bookmark: _Toc36635824][bookmark: _Toc37272770][bookmark: _Toc45885847][bookmark: _Toc53182956][bookmark: _Toc58915623][bookmark: _Toc58917804][bookmark: _Toc66693673][bookmark: _Toc74915625][bookmark: _Toc76114250][bookmark: _Toc76544136][bookmark: _Toc82536258][bookmark: _Toc89952551][bookmark: _Toc98766367][bookmark: _Toc99702730][bookmark: _Toc106206516][bookmark: _Toc115080518][bookmark: _Toc121999398][bookmark: _Toc124154297][bookmark: _Toc137396221][bookmark: _Toc156577661]4.12.2	Co-location test antenna
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Co-location requirements are specified as power levels into or out of the conducted interface of the co-location reference antenna. For conformance testing the requirements are translated to the input or output of a co-location test antenna (CLTA).
A CLTA is a practical antenna which can be used to test conformance to the co-location requirements.
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A co-location test antenna 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 4.12.2.2-1.
Translation of the requirements to other test antennas are not precluded but suitable translations between the co-location reference antenna and test antenna must be provided to demonstrate that the method is within the specified MU.
NOTE:	The currently defined CLTAs are suitable for testing BS type 1-O implemented with a planar antenna array. The method for testing BS with other antenna array implementations is not covered by the present release of this specification.
Table 4.12.2.2-1: CLTA characteristics
	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 (Note 3)
	Match (Note4)
	Match to in-band (Note 4)

	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:	The vertical radiating dimension definition shall be used instead of the vertical beam width definition when the test chamber dimensions limit the use of vertical beam width definition. Otherwise the vertical beam width definition shall be used.
NOTE 3:	For BS type 1-O with dual polarization the CLTA has two conducted interfaces each representing one polarization.
NOTE 4:	Matched to the polarization of EUT antenna.



We see that there is a great need for improvement in OTA co-location testing. Single column passive antennas are not readily available for all of the required frequency bands and they typically meet the CLTA requirements only at relatively narrow frequency ranges. Currently a lot of custom made antennas are needed in many cases. This makes testing especially in higher and lower frequencies become highly complex and time consuming and therefore it would be beneficial to decrease the amount of different CLTAs for different frequency ranges. Use of wideband horn antennas would reduce the amount of needed CLTAs due that wideband horn antennas can cover larger frequency bands than column antennas. As the current specification in TS38.141-2 has characteristics for column antennas, it would mean that changes to CLTA horizontal, vertical beamwidth and possible other requirements are needed. Figure 1 shows an example how wideband horn antenna could be used for OTA co-location testing.
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[bookmark: _Ref165624691]Figure 1. Example on how wideband horn antenna could be used for OTA co-location testing.
To summarize, the use of horn antennas would have numerous benefits:
· Testing could be done with one or maximum of two antennas comparing to five that is currently needed, this would have significant cost-savings.
· Expected effort would be reduced to 1/5 or 2/5 which makes a significant difference.
· Suitable horn antennas are easily available and no need to have expensive custom-made antennas.
We understand that more study is needed in order to verify that horn antenna results translate to the current requirements, whether field-strength or power density method is necessary and we encourage companies to investigate this as well.


Using of horn antennas would reduce the need of several column antennas and ease the testing efforts as fewer custom antennas are needed.
Horn antennas have wider beamwidths than column antennas and require different parameters.
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Conclusion
This document shares Nokia’s views on OTA test enhancements. Following observations and proposals were introduced: 
1. TS38.104 states that the co-location reference antenna shall be a single column passive antenna which has the same vertical radiating dimension (h). 
1. Observation 1 does not allow use of other type of antennas e.g. wideband horn antennas.
1. TR37.941 defines a standard test antenna with a number of advantages.
1. Using of horn antennas would reduce the need of several column antennas and easen the testing efforts as fewer custom antennas are needed.
1. Horn antennas have wider beamwidths than column antennas and require different parameters.
1.  RAN4 to study changing the definition of the co-location reference antenna in TS38.104 to allow usage of other types of antennas.
 RAN4 to study horizontal, vertical beam width and other requirements on 38.141-2 to allow the use of wideband horn antennas.
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Figure 4.9-1: lllustration of BS type 1-O enclosure and co-location reference antenna
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