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[bookmark: _GoBack]TEXT PROPOSAL:

6.3.3		Angular alignment in TRP measurements
For the TRP test methods relying on finding EIRP peak measurements, guidance on how to find the peak with acceptable accuracy is required. 
The following test methods relies on finding peak EIRP:
1.	Beam-based direction (clause 6.3.2.2.4)
2.	Orthogonal cut grid (clause 6.3.4.5)
3.	Peak method (clause 6.3.2.5.3)
4.	Equal sector with peak average method (clause 6.3.2.5.4)
For the above procedures, measuring maximum EIRP accurately is critical to the accuracy of TRP estimates. If the maximum value is not accurately sampled, this will result in measurement errors. In the worst case, the measurement error is larger than the MU, which is not acceptable. The measurement error is caused by angular misalignment which is the difference (in degrees) between the actual and the measured angular positions of the intended maximum EIRP. Figure 6.3.3-1 shows an example of angular misalignment, where the measured EIRP is at an angle equals to 1-2° while the actual angular position of the maximum EIRP is at 0° in the radiation pattern. This results in an absolute measurement error =  = 1 dB.
[image: ]
Figure 6.3.3-1: Angular misalignment
If the actual angular position of maximum EIRP is known (e.g., declared by manufacturers), measurement errors due to angular misalignment can be alleviated. However, if the actual angular position of maximum EIRP is not known, then the angular interval used in searching for the maximum EIRP employing the peak search method can contribute to the measurement errors due to angular misalignment. The search is performed in the proximity of the expected angular position of maximum EIRP (e.g., a broadside radiation pattern). To determine the magnitude of the measurement error caused by angular misalignment, the angular step size can be expressed in terms of half-power beam width (HPBW) of test beams. If the angular step size is set to HPBW, the absolute measurement error can be as large as 3 dB. Table 6.3.3-1 summarizes the maximum absolute measurement error versus different angular step sizes. The absolute measurement errors were derived assuming a linear approximation between the maximum EIRP and the 2 HPBW points as illustrated in figure 6.3.3-2. The linear approximation gives us the worst-case scenario as can be observed in figure 6.3.3-2.	Comment by Huawei - revisions: Referring to the previous comments from Nokia: 
Boresight (as per IEEE definition) is the beam-maximum direction of a highly directive antenna. Still, based on the previous explanation the original text seems to be ok. 
[image: ]
Figure 6.3.3-2: Linear approximation of measurement errors

Table 6.3.3-1: Angular misalignmentSampling beam peak error due to misalignment vs measurement errors	Comment by Lo, Anthony (Nokia - GB/Bristol): Here “Sampling grid step size” could be misinterpreted as full spherical grids (e.g., spherical equal angle grid) used for measurements. None of the TRP measurement methods listed in the 2nd paragraph of this section is based full spherical grids. The accuracy of these TRP methods depends on whether the peak EIRP is precisely measured or not. In case the angular position of the peak EIRP is not known, there is a need to find the peak. Here, angular misalignment refers to missing the peak EIRP during measurements as shown in Figure 6.3.3-1, which causes measurement errors. Angular misalignment = . If the angular position of measured EIRP corresponds the actual angular position of the peak EIRP, then angular misalignment = otherwise it is >  and measurement error > 0 dB. The angular misalignment can be expressed in terms of HPBW. The magnitude of measurement errors due to angular misalignment can be related to HPBW, i.e., how far the measured EIRP from the peak EIRP. It is important to note that the measurement error is not caused by the sampling grid step size. 

A suggestion for the figure caption is as follows: “Measurement errors due to missing the peak EIRP”. If this is not appropriate, please provide more suitable wording.       	Comment by Esther Sienkiewicz: “Measurement error” to me reads and implies a TRP error. But this is the error in the estimation of the peak. These errors are not the same. A suitable figure caption will clarify that this error is in the peak measurement.	Comment by Huawei - revisions: I agree with Nokia elaboration – the initially proposed “sampling grid step size” could be misleading. 
If Ericsson proposed would not be agreeable that an alternative could be:  
“Beam peak sampling error due to peak EIRP angular misalignment”.	Comment by Esther Sienkiewicz: It’s a bit wordy but I’m ok to make this change if it moves up towards progress.
	Angular misalignment
	Maximum absolute measurementBeam peak misalignment error (dB)

	HPBW
	3

	
	1.5

	
	1

	
	0.75



[bookmark: _Hlk46478576]Based on the measurement error in table 6.3.3-1, the measurement error should be within the TRP summation error to ensure the angular misalignment is not greater than  (for f ≤ 3 GHz and 3 GHz < f ≤ 6 GHz), and  (for 24.25 < f ≤ 29.5 GHz and 37 < f ≤ 40 GHz).  The above table illustrates the relationship between beam peak search and largest possible error in terms of maximum EIRP level due to mistaken measurement point for beam peak.  Note, there is a trade-off between search time and angular misalignment (that is, the difference in actual and measured angular positions of intended peak EIRP). Larger misalignment for FR2 is reasonable since FR2 beams are in general narrower than FR1.For FR2 measurements, it can be expected that larger values of the measurement error may apply, due to the fact typically narrower beams are expected at higher frequencies due to larger number of antenna elements in FR2 compared to FR1.  	Comment by Lo, Anthony (Nokia - GB/Bristol): It is not clear why this sentence is removed. This is to show the magnitude of measurement errors if the peak EIRP is missed by HPBW, HPBW/2, etc. Instead of using HPBW, it can be expressed as follows: the measurement error is 3 dB when the peak EIRP is missed by . In order to meet the TRP summation error, the peak EIRP should not be missed by, for example, . Perhaps, the text can be improved for clarity.    	Comment by Esther Sienkiewicz: Reading the text is not really needed as the table above is the clearest way to convey the information.   	Comment by Huawei - revisions: Not sure why this is removed either. Still, I am not convinced if we can generalize the relation among the 3dB error and the angular value, as this is also related to the test facility, rotary joints uncertainties, etc. 
I am not happy with the current wording -  maybe we shall take this offline and have some discussion over email what is really meant here and how this can be improved, e.g. the relation among the table content and the TRP SE is unclear to me. 	Comment by Esther Sienkiewicz: In general this text is wordy and does not bring any additional information, especially if the information is already captured via the table.	Comment by Lo, Anthony (Nokia - GB/Bristol): Again, it is not clear why this sentence is removed. For FR2, the beam is narrower than FR1. It can be very time-consuming to find the peak EIRP (if not known) as compared with FR1. Reducing search time could result in larger angular misalignment. The text can be improved for clarity.   	Comment by Esther Sienkiewicz: Depending on the array size of the gNB comparing FR1 and FR2 beam widths can be similar.  In other words, this is not something that can be generalized as it depends on the design.	Comment by Huawei - revisions: Agree with Nokia comments. I think we all know what was meant here but the wording may not be the best. Some text proposed is suggested, but as we into details it gets more complex and harder to phrase it: 
“For FR2 measurements, it can be expected that larger values of the measurement error would apply (assuming the same angular misalignment), due to the fact of narrower beams being produced at higher frequencies (assuming the same antenna array used).” .	Comment by Esther Sienkiewicz: Due to timing, could we put this text in [ ] for now and continue to discuss offline as Huawei have suggested?	Comment by Esther Sienkiewicz: Although, I feel it’s not really needed to state the general characterisitics of FR1 and FR2 antenna arrays it seems companies would like to keep the description here – as such I have added some proposed text based upon Huawei suggestion on wording.
For the orthogonal cut procedure in clauses 6.3.2.2.2 and 6.3.2.3.2, angular step size smaller than the reference angular step may be desired as outlined in step 2. In order to sample half power EIRP in addition to the maximum EIRP, the angular step size may be set to , where HPBW is the half-power beam width of the frequency under measurement.As shown in the above figures angular step size smaller than the calculated angular step size may be desired if the measured TRP does not provide an accurate enough measurement.  For measurements were peak EIRP is not captured as a point in the measurement grid the associated errors should be taken into account.	Comment by Lo, Anthony (Nokia - GB/Bristol): It is not clear why this piece of text is removed. As mentioned above, there is a need to precisely measure the peak EIRP. The purpose of this text is to provide clarify on the difference between HPBW, HPBW/2, HPBW/3, etc. when use to measure the peak EIRP. The probability of measuring peak EIRP using step = HPBW/2 is double as compared with HPBW. 
With regard to your example in OTA BS summary: “if the reference step is calculated as 1.0346 degrees you would probably use 1.00 degrees in the measurement”. 
The choice of selecting a smaller step seems arbitrary (ad hoc). There is no basic principle behind such a choice. Is there any difference to the end result by choosing as compared with ? As this is a TR, technical background is appreciated.  	Comment by Esther Sienkiewicz: There is no difference in the end result if we are looking at the example above.  The choice of selecting the smaller step is not arbitrary but rather chosen based on practical reasons.  Many turntables/test equipment will not have 5 decimal of accuracies and therefore a step size of next closest reference angle would need to be chosen.  
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