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Introduction
This contribution is presenting simulations of antenna arrays at the fundamental frequency and the 2nd harmonic to address an action point captured in RAN5#82 and whether the DUT re-positioning concept needs to be applied for spurious emissions measurements.
Action Point on Spur Direction
The concept for device re-positioning for in-band measurements has been discussed and agreed in Annex C.3 of [1] as the direction of the beam peak is known from the beam peak search. However, the beam peak direction of the spurs, regardless of frequency, is not known, i.e., no beam peak search procedure has been defined. In lieu of searching for the peak a priori, the re-positioning concept can still be applied to the spurious emissions measurements by measuring two hemispheres separately which involves the DUT, while it is connected to the gNB emulator, to be rotated by 180o around its axis halfway through the test. This has been captured in the Way Forward on the QoQZ Procedure for Spurious Emissions [2]. 
For the spur at the 2nd harmonic, it was argued in [4]
This emission is expected to be observed from the activated Tx antenna. So the peak direction can be assumed almost the same as UL signals and thus we can carry out TRP measurement with a same manner as the case of in-band TRP MOP measurement without the DUT repositioning concept.
If the beam peak direction of the 2nd harmonic was indeed guaranteed to be in the same (or very similar) direction of the in-band beam peak, this would significantly simplify the QoQZ for Spurious Emissions validation procedure as well as the actual Spurious Emissions test cases. As it is essential to define a test procedure that applies for all UEs, especially since it is a regulatory test case, an official action point was created during the RAN5#82 meeting to determine whether the beam peak of the 2nd harmonic can be assumed to be in the same (or similar) direction as the in-band beam peak for UEs:

[image: image1]
This contribution shares our views on this action topic.

8x2 Antenna Array Simulations 

In this section, antenna array simulations are presented to study the beam peak directions and beam shapes of the 2nd harmonic theoretically based on the antenna element and antenna array assumptions made in [1]. 
The following assumptions were made for the antenna array

· Antenna Array Element Configuration: 8x2

· Antenna Element Gain: 
· 1.5dBi (for the fundamental frequency)

· -10dBi (for the 2nd harmonic)
· Element spacing (d/): The physical spacing is fixed while the electrical spacing varies 

· 0.5 (for the fundamental frequency)

· 1 (for the 2nd harmonic)

· The weights to determine the composite antenna array radiation pattern scale and follow Table G.1.1-2 of [1]
· Beam forming is achieved using “true” time delays 

For the fundamental frequency, the well-known 8x2 antenna array pattern is illustrated in Figure 1
[image: image2.png]



Figure 1: 8x2 antenna pattern at the fundamental frequency (broadside direction)
The simulated antenna array pattern at the 2nd harmonic is illustrated in  Figure 2
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Figure 2: 8x2 antenna pattern at the 2nd harmonic (broadside direction)
Several observations can be made: 
· The beam peak of the simulated spur pattern at the 2nd harmonic is indeed in the same direction as the beam peak direction of the antenna pattern at the fundamental frequency. 
· The beam width of the beam in the beam peak direction at the 2nd harmonic is narrower than the beam at the fundamental frequency. 
· Most importantly, it is observed that the amount of power radiated in the general direction of the beam peak is significantly less for the 2nd harmonic. 
To further demonstrate this observation quantitatively, the partial radiated power over the conical surface of the top 60o in elevation (), as illustrated in Figure 3, is determined. The ratio of the PRP to the total radiated Power of the antenna patterns is tabulated in Table 1. Clearly, while for the pattern at the fundamental frequency, most of the power is directed towards the direction of the beam peak, less than 1/5th of the total power is radiated in that direction for the 2nd harmonic.
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Figure 3: Illustration of partial radiated power region (60o cone)

Table 1: Ratio of PRP (top 60o) to TRP for the 8x2 antenna array
	Frequency
	PRP/TRP

	Fundamental
	73.9%

	2nd Harmonic
	17.7%


Modified 4x2 Antenna Array Simulations 

In this section, slightly modified antenna assumptions are used to correspond to slightly more realistic antenna patterns when integrated in a smartphone UE. Here, the single antenna element radiation pattern is modified as tabulated in Table 2 to increase the front-to-back ratio. 
Table 2: Single Antenna Element Radiation Pattern for the Modified Antenna Array
	Antenna element horizontal radiation pattern
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	Horizontal half-power beamwidth of single element
	260°

	Antenna element vertical radiation pattern
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	Vertical half-power beamwidth of single array element 
	130º

	Array element radiation pattern
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Additionally, instead of an 8x2 antenna array, a 4x2 antenna array was assumed which yields a wider beam width. All other assumptions outlined in the previous section and made in [1] still apply. 

The 4x2 antenna array pattern at the fundamental frequency is illustrated in Figure 4 and for the 2nd harmonic in Figure 5.
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Figure 4: Modified 4x2 antenna pattern at the fundamental frequency (broadside direction)
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Figure 5: Modified 4x2 antenna pattern at the 2nd harmonic (broadside direction)
Similar observations as in the previous sections can be made in terms of the beam peak directions being identical, the beam width being narrower at the 2nd harmonic when compared to the fundamental, and that a lot of the power is no longer directed towards the beam peak for the 2nd harmonic. A PRP analysis, similar to that in the previous section, was performed for this antenna with the results tabulated in Table 3 to quantitatively support the last observation.  
Table 3: Ratio of PRP (top 60o) to TRP for the modified 4x2 antenna array

	Frequency
	PRP/TRP

	Fundamental
	96.0%

	2nd Harmonic
	40.5%


Observation 1: For “true” time delay assumptions, the broadside beam peak direction of the antenna array does not change between fundamental frequency and 2nd harmonic

Observation 2: The beam width of the beam in the beam peak direction at the 2nd harmonic is narrower than the beam in the beam peak direction at the fundamental frequency

Proposal 1: The number of points and/or the MU for the TRP measurement grid at the 2nd harmonic needs to be revisited, specifically Annex I in TS38.521-2 and Annex B.18 in TR38.903 

Observation 3: For “true” time delay assumptions, only a fraction of the power at the 2nd harmonic is directed towards the general beam peak direction of the fundamental frequency.

Observation 4: Due to the limited device DUT alignment options with the system coordinate system, a considerable amount of power might be directed towards the back hemisphere that could be lost in the TRP equation due to obstructions by the pedestals/positioners/fixtures. 

Beam Peak Directions for More Realistic Implementations
While the previous sections were solely based on theoretical aspects with beam forming achieved with “true” time delays that retain the beam peak directions at all frequencies, the beam pattern behaviour of realistic antenna arrays largely depends on the frequency characteristics of the phase shifters. Given the rather limited bandwidth these phase shifters support, non-linear behaviour outside the operating bandwidth, including the 2nd harmonic, is expected. This will in turn result in the beam peak direction to change for different frequencies. An example of such behaviour is illustrated in Figure 6 from [5].  
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Figure 6: Radiation Pattern Simulations for Harmonics [5]
Observation 5: The beam peak direction is expected to change directions for realistic antenna array implementations with rather narrow-band phase shifter implementations

Based on the observations in this section and previous sections, i.e., the redirection of a large amount of power away from the beam peak direction of the fundamental frequency and the likelihood that the peak direction changes at the 2nd harmonic due to non-linear behaviour of phase shifters outside the bandwidth of operation, it is proposed not to assume that the beam peak direction at the 2nd harmonic is in the same direction as the beam peak of the fundamental frequency and to adopt the re-positioning concept for spurious emissions. 
Proposal 2: The TRP procedure for spurious emissions at the 2nd harmonic shall take the DUT re-positioning approach into account. 
Conclusion
The following observations were made with the simulations of the two different antenna arrays
Observation 1: For “true” time delay assumptions, the broadside beam peak direction of the antenna array does not change between fundamental frequency and 2nd harmonic
Observation 2: The beam width of the beam in the beam peak direction at the 2nd harmonic is narrower than the beam in the beam peak direction at the fundamental frequency
Proposal 1: The number of points and/or the MU for the TRP measurement grid at the 2nd harmonic needs to be revisited, specifically Annex I in TS38.521-2 and Annex B.18 in TR38.903 
Observation 3: For “true” time delay assumptions, only a fraction of the power at the 2nd harmonic is directed towards the general beam peak direction of the fundamental frequency.
Observation 4: Due to the limited device DUT alignment options with the system coordinate system, a considerable amount of power might be directed towards the back hemisphere that could be lost in the TRP equation due to obstructions by the pedestals/positioners/fixtures.
Observation 5: The beam peak direction is expected to change directions for realistic antenna array implementations with rather narrow-band phase shifter implementations
Proposal 2: The TRP procedure for spurious emissions at the 2nd harmonic shall take the DUT re-positioning approach into account.
References

[1] TR 38.810, Study on test methods for New Radio, V16.1.0 (2018-12)

[2] R5-190942, Way Forward on QoQZ Procedure for Spurious Emissions, Keysight Technologies, Rohde&Schwarz, Anritsu, 3GPP TSG-RAN WG5 5G NR AH #4, January 2019

[3] R5-191623, On Re-Repositioning Approach for Spurious Emission QoQZ Validation, Keysight Technologies, 3GPP TSG-RAN5 Meeting #82, February 2019

[4] R5-192668, On applicability of DUT repositioning concept to FR2 spurious measurement, Anritsu, 3GPP TSG RAN5#82, February 2018
[5] https://www.microwavejournal.com/articles/31906-test-measurement-industry-tackles-5g-over-the-air-testing
Action Points at RAN5#82 Athens


Action ID�
sWG�
Action�
Responsible�
Relevant Tdoc�
Deadline�
Status�
�
AP#82.21�
RF�
To clarify the maximum difference in direction between the inband beam peak and the beam peak of the spur at the second harmonic to optimize FR2 Tx spurious emission test procedure and MU�
Apple, Qualcomm, Intel, Huawei�
R5-191532/3/5/6


R5-192128


R5-191623�
RAN5#83�
Open�
�









_1614594147.unknown

_1614594220.unknown

_1596529864.unknown

