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1. Introduction

During 3GPP RAN4 #84, a way forward on UE RF Testability was approved [1]. The baseline QZ test procedure was agreed based on the contribution [2]. Therefore, proposal 5 couldn’t be agreed due to lack of consensus among the interested companies.
This contribution is providing further details for the candidates’ reference antennas which can potentially be used for QZ ripple test. A comparison in terms of band coverage, standard design, and radiated characteristics such as Directivity and Beam-width is provided. Some observations and proposals are also highlighted throughout the contribution. 
2. Background
In [2] the quality of the QZ characterization for mm-Wave has been agreed to be used as baseline. The only still open point is about the reference antenna to be used during the quality of the QZ tests. In the agreed WF [1] companies were encouraged to provide contributions in order to have this point agreed on RAN4 #84-bis. In this contribution we are proposing two reference antennas which can be considered as candidates. For each antenna the radiated characteristics have been provided along with observations and proposals based on the comparison between the directivity and beam-width of each reference antenna with the directivity and beam-width of a four elements antenna array embedded on a smartphone mock up at 24GHz.
3. Reference Antennas Comparison - Observations 
In this section two reference antennas are compared. Both of them are already widely used at mm-Wave for test ranges gain calibrations and field distribution uniformity test in the QZ for mainly passive antenna measurements. Figure 1 shows the two reference antennas, Standard Horn (SH) and Standard Gain Horn (SGH):
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Figure 1. Reference antennas (a) Standard Gain Horn (SGH), (b) Standard Horn (SH)
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3.1 Band Coverage 
Ripple test would be required to be performed in the Range 2 frequency band. It means that the lowest frequency is 24GHz and the highest 43.5GHz. In case of using a Standard Horn (SH) due to its wide band design, there is no need to change the antenna throughout the QZ ripple test while if a Standard Gain Horn is used, there would be at least three reference antennas in order to cover the full Range 2 frequency band.
It has to be considered that changing the antenna during the QZ test would increase the uncertainty due to the reference antenna positioning and all the error associated with it.

Observation 1 – SH is wide band -> One reference antenna is enough to cover the full Range 2 frequency band

SGH doesn’t have the same wide band as SH so three reference antennas are needed.

3.2 Directivity and Half Power Beam-width Characteristics

In [3] two four elements antenna array were presented when integrated in a smartphone’s mock up. The antenna array is working at 24GHz, and for such array the EIRP patterns were measured in order to determine the TRP accuracy when different EIRP measurement grids were used throughout the measurement. In Figure 2a through 2c the EIRP patterns are shown with the aims of highlighting the max EIRP [dBm] and HPBW [deg]:
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(a) Elevation Pattern (Azimuth=0deg)
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(b) Elevation Pattern (Azimuth=90deg)
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(c) Azimuth Pattern (Elevation=90deg)

A summary for EIRP max and HPBW is provided in Table 1 for the different cuts:
	Dir & Beam-width
	EIRP max [dBm]
	HPBW [deg]

	Elevation Cut (Azimuth=0deg)
	16.3
	38.7

	Elevation Cut (Azimuth=90deg)
	4.14
	39.9

	Azimuth Cut (Elevation=90deg)
	15.64
	27.3


Table 1. Summary Table
Note: The HPBW lists in the table is the 2X (double sided) 3dB beam width of the four elements antenna array at 24GHz

3.2.1Standard Horn

As for standard gain horn, the SH4000 is taken into account in the following section. This antenna is designed from 4GHz up to 40GHz but can easily be extended up to 50GHz.
In Figure 3 the SH4000 out-of-band performances in terms of directivity and realized gain versus frequency are shown:
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Figure 3. SH4000 (out of band performances) - Directivity and Realized Gain versus Frequency
In Figure 4 the 2X HPBW versus frequency is shown for both E and H planes:
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Figure 4. SH4000 – HPBW (2X) versus Frequency

It can be seen that the 2X HPBW is in between 40-50deg at 24GHz while it is around 30deg at 43.5GHz.
In Figure 5 through 7 the directivity radiation patterns are also shown at 24GHz, 30GHz, and 44GHz:
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Figure 5. SH4000 – Directivity patterns at 24GHz
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Figure 6. SH4000 – Directivity patterns at 30GHz

Figure 7. SH4000 – Directivity patterns at 44GHz[image: image22.png]



Observation1: The 2X HPBW for the SH4000 at 24GHz is higher than the 2X HPBW for the four elements antenna array at 24GHz.
Observation 2: The SH4000 directivity looks to be in line with the directivity of a four element antenna array.

3.2.2Standard Gain Horn
As highlighted in section 3.1, it is not possible to have one single SGH for covering the range 2 frequency range (24GHz-43.5GHz). Three SGHs must be used for. In the following Figures, the directivity and 2X HPBW for three SGHs manufacturing [5] are shown:
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Figure 8. SGH1800 – Directivity and Realized Gain versus Frequency
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Figure 9. SGH1800 – HPBW versus Frequency
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Figure 10. SGH1800 – Directivity patterns at 24GHz
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Figure 11. SGH2650 – Directivity and Realized Gain versus Frequency
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Figure 12. SGH2650 – HPBW versus Frequency

[image: image11.png]dBi

-10

15

-20

25

-30

-35

40

45

-50

PHI=0"_copolar

PHI=45"_copolar

PHI=45"_cxpolar

PHI=90"_copolar]





Figure 13. SGH2650 – Directivity patterns at 33.3GHz
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Figure 14. SGH3300 – Directivity versus Frequency
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Figure 15. SGH3300 – HPBW versus Frequency
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Figure 16. SGH3300 – Directivity patterns at 44GHz

Observation3: The 2X HPBW for the SGHs at 24GHz, 33GHz, and 44GHz is lower than the 2X HPBW for the four elements antenna array at 24GHz.
Observation4: The SGHs directivity look to be at least 10dB higher than the directivity of four elements antenna array.

3.3 Standard Design
If a reference antenna is selected, this shall be used for QZ ripple test regardless either the testing methodologies being used or the different implementations of the same testing methodology. It means that there might be a need to either define some parameters of the design or to consider a standard design which reference antenna manufacturers can refer to [4].
3.3.1 Standard Horn (SH)

There is no standard design. Each manufacturer has its own design even though the radiated characteristics could be considered within a range for mainly directivity and Half Power Beam width (HPBW). This is the same situation we have today when using sleeve and loop for QZ zone ripple tests based on the CTIA OTA test plan. In this specific case, the uniformity of the dipole versus the azimuth plane must be measured on each system setup and the result compared with the +/-0.1dB requirement (this is a requirement for the dipole’ design). If the dipole meets the requirement it can be used for ripple test, if not the dipole shall be repositioned and the uniformity measured again. The same approach could potentially be used for the SH. In order to leave a freedom degree to the design and manufacture of the SH, we can think of setting some requirements to the SH design in terms of directivity and HPBW radiated characteristics. Basically, we could set a mask for directivity and a mask for HPBW so that if the reference antennas is measured on the system setup and is within the mask for both the parameters it can be used as a reference antenna for QZ ripple test.
A secondary requirement for the SH is in terms of its return loss. This would impact the dynamic range of the system setup where the reference antenna will be measured. Return loss would impact the mismatch of the TX line up of the measurement setup.

3.3.2 Standard Gain Horn (SGH)

The design is standard. The reference design is included in the NRL report 4433 [4]. Each manufacturer has to refer to the document in [2] when designing a SGH to be used as reference antenna. Further details about the repeatability of a SGH can be found [5].
4. Conclusion

This contribution has compared two reference antennas which can potentially be used for QZ ripple test. Three proposals have been also submitted. In order to move forward with the selection of the reference antenna, the group needs to agree on the proposals.
Proposal  – Standardize a mask for directivity and HPBW for the reference antenna used for the quality of the QZ ripple test
Reference
[1] R4-1709753, WF on NR MU and test tolerance, September 2017
[2] R4-1709810, Quality of the Quite Zone Characterization for mm-Wave, September 2017
[3] R4-1705819, On TRP measurements sampling grid at >6 GHz, May2017
[4] NRL Report 4433, Design and Calibration of microwave antenna gain standards, W.T. Stayton, Naval Research Laboratory, November 9 1954
[5] L.J.Foged. A.Giacomini, J.Estrada, R. Morbididni, L. Scialacqua, “Investigation of SGH Performance and Repeatability”, AMTA 2010
[6] www.mvg-world.com 


[image: image15.png]



