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1. Introduction

The purpose of this discussion paper is to provide insights on 2H direction analysis as a response to the following action point [1]:

	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


2. Discussion

2.1.1. 2H simulation results
The 8x2 dual band dual polarization patch antenna radiation pattern simulation results are presented below. The array gain of the array at 28GHz is 15.3dBi and at 39GHz is 17.6dBi. The array patterns plotted are with equal phase excitation of the patch elements at all frequency.
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Figure 1: 28GHz In-band pattern (V-pol) 

   Figure 2: 56GHz 2H pattern (V-pol)
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Figure 3: 56GHz 2H Phi 0 cut (V-pol) 

   Figure 4: 56GHz 2H Phi 90 cut (V-pol)
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Figure 5: 39GHz In-band pattern (V-pol) 
   Figure 6: 78GHz 2H pattern (V-pol)
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Figure 7: 78GHz 2H Phi 0 cut (V-pol) 

   Figure 8: 78GHz 2H Phi 90 cut (V-pol)

Observation 1: There are multiple lobes in the 2H radiation pattern with narrower beamwidth than the fundamental frequency.

Observation 2: In this example the two highest peaks of 28GHz 2H patterns for V-pol excitation appear at +60° and -74° off from in-band peak (see Figure 3).
Observation 3: In this example the two highest peaks of 39GHz 2H patterns for V-pol excitation appear at +40° and -46° off from in-band peak
Observation 4: There are many device implementation aspects which dictate the 2H direction but in general, for patch antenna based designs, the 2H direction is most likely to be in the field of view of the array and is not expected to fall exactly behind (180° off) the in-band peak. This is due to theoretical patch antenna design properties which minimizes the radiation behind the patch array ground plane.

2.1.2. Test set up considerations
There are two possible approaches to be considered for FR2 spurious emissions to ensure that the 2H spurious emission measurement is representative of the actual 2H emission levels.  
Option 1 - Remount: Measure 2H in one hemisphere, pause the testing to remount the device (flip the device 180°) and then continue to measure the 2H in the other hemisphere. To be able to maintain the link of the inband beam is the primary challenge for such remounting based approach.     

Option 2 - Premount: The inband peak direction is known so one could premount the device such that the inband peak is directly in front of the positioner. Further by choosing an appropriate measurement grid (dense enough), we can ensure that the 2H measurement does get compromised due to relatively small positioner blockage in the back of the array (where 2H is expected to be attenuated due to array ground plane).
Proposal 1: Choose Option 2 – premount based test set up for FR2 spurious emissions test case. The details of premount test set up/procedure/grid etc… to be discussed further.  
3. Conclusion
Proposal 1: Choose Option 2 – premount based test set up for FR2 spurious emissions test case. The details of premount test set up/procedure/grid etc… to be discussed further.  
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