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Introduction
A very interesting CDF test approach was proposed in the last meeting [1]. As the general test approach will impact the requirement, this contribution provides some thinking on this approach.
Discussion
In order to analyze the CDF approach more practically, simulation based a mmWave antenna array model was done to look at the test method in depth. The simulation and analysis are pure theoretical, the implementation performance may be different with the results showed in this contribution.
General concept of the mmWave antenna
In order to compensate the large path loss of mmWave, it is assumed that mmWave UE will use antenna array and the directional antenna elements. And it is well known that antenna array will be integrated with chipset (RFIC), therefore the implementation needs more than one antenna array to meet the target of whole sphere covering. The example in Figure 1 shows a possible implementation that 2 RFICs are used, i.e. it implies there are 2 antenna arrays, each is responsible for a corresponding semi-sphere coverage.
[image: ]
Figure 1: NR mmWave antenna allocation example
The practical antenna beam forming gain is not the uniform on the sphere surface. Based on the simulation showed in Figure 2, the peak gain exists in the center beam (theta = 0 deg, phi = 0 deg), mid-tilted beam (theta = 45 deg, phi = 0 deg) gain is less, and max tilted beam (theta = 90 deg, phi = 0 deg) has the least gain.
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Figure 2: antenna gain performance example in different directions
If the CDF approach is considered, the straightforward thinking is to use  projection which was used in LTE TRP/TRS test [2]. For the different measurement grids, equal degrees between the each step of theta or phi. There’s no problem as TRP uses integration and TRS uses average to get the performance. Sufficient measurement numbers was combined to reach the final TRP/TRS result. But when we look at mmWave test, EIRP/EIS is different with TRP/TRS. The test grids should be spread equally on the sphere area to show the whole coverage performance. While  projection leads more grids near the bore sight direction but less grids around the maximum tilted direction. In order to solve this problem, we think a different projection needs to be used. The next section provides the UV projection concept and the reason why it’s more suitable than  projection.
UV projection concept
UV projection is a mapping technique used to project a 2D image to a 3DL model’s surface. The mapping can be explained using the following equation.

or 

Table 1 shows some typical mapping from  projection to UV projection.
Table 1: Exemplary definitions of the scan ranges as a coverage percentage of the solid angles
	Coverage of the solid angles
	Spherical coordinates
	UV coordinates

	100 % (Full sphere)
	 ; 

	u = -1 to +1; 
v = -1 to +1

	90 %
	; 

	u = -0.95 to +0. 95; 
v = -0.95 to +0.95

	75 %
	; 

	u = -0.865 to +0.865; 
v = -0.865 to +0.865

	50 % (Half sphere)
	; 

	u = -0.707 to +0.707; 
v = -0.707 to +0.707

	25 % (quarter sphere)
	; 

	u = -0.5 to +0.5; 
v = -0.5 to +0.5



In order to prove that the area of coverage is preserved for UV projection and distorted at  projection, consider a basic example of a single antenna element (single patch antenna). The following step is used for the analysis.
 projection: fixed step dTheta = dPhi = 2 deg.
UV projection:fixed step dU = dV = 0.1.
2 cases are calculated for exactly the same patch antenna, as shown in Table 2.
Table 2: Example to justify UV projection
	Case 1:
Z-axis is perpendicular to the patch antenna surface
	Case 2:
Z-axis is parallel to the patch antenna surface
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Theta-phi coordinate system: 
CDF comparison for Case 1 & Case 2
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UV coordinate system: 
CDF comparison for Case 1 & Case 2
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Non-uniform density of monitoring points is distorting the CDF calculation:
fixed step dTheta = dPhi = 10 deg.
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Uniform density of monitoring points for correct CDF calculation:
fixed step dU = dV = 0.1.



According to these results, we have the following observation and proposal.
Observation:
· non-uniform density of monitoring points  projection (fixed step dTheta, dPhi) is distorting the CDF calculation.
· Uniform density of UV projection monitoring points provides correct CDF calculation regardless of coordinate system relation to the antenna.
Proposal: UV projection is used for EIRP/EIS test to have the uniform density on the sphere surface.
Test system set up based on UV projection
If the UV projection is used, the test system mentioned in [2] can be used but with the difference that both theta and phi should be changed to map every UV step. Another possible set up showed in Figure 3 can also be considered, the test probe can rotate on the sphere with some DUT position change assistant. The final test system configuration needs the input and decision from test equipment vendors because the test uncertainty should be carefully analyzed and guaranteed.
[image: ] 
Fig 3: A possible UE EIRP/EIS test set up
Possible directions to move on
Based on our simulation and analysis, we think CDF approach can be discussed in future meetings as an option but some details need further study and decision. We figured out the following issues, but the details may be more than that. Detail discussions are needed in the group to have a clear view.
1) The projection approach. It’s very important that the measured results can show the performance what the system care about. As  projection is not uniform on the sphere surface, we propose UV projection to be adopted by the group for future discussion.
2) The test system set up. This is related to measurement uncertainty, which needs more input from test equipment vendors.
3) Measurement point number. It’s related to measurement accuracy, the test time should also be taken into account. As UE steering happens for different measurement points, we estimate the test time for each step may be longer than LTE. We hope the final test time will not bother the industry too much because it seems all of RF/DEMOD/RRM will use OTA approach.
4) How to define the requirements on the CDF curve. Do all of the min., average, maximum performance and the corresponding percent need to be defined? Or only one or two of them are sufficient. The view from system performance can be a reference, for example system performance may care more minimum than the maximum for coverage. Then the maximum may not be important. The definition’s impact on the implementation should also be considered. For example, is there any possible implementation difference for different definitions? Does the possible implementation difference impact the system performance?
5) Whether the whole sphere needs to be tested. It should be noted mmWave UEs types may be very various that some devices target to cover the whole sphere but there’re some types of devices are targeting only part of the sphere. OTA test is very complicated and time consuming. Asking the part sphere coverage device to be tested on the whole sphere is not reasonable. Even the targeting whole sphere devices, such as smart phone, whole sphere test coverage still needs the justification. For example, if the requirement is defined that 30% should be the min., then the performance below 30% doesn’t make sense to the final measurement results. We think if some measurement points don’t contribute to the requirement, these measurement can be omitted to save the test time and cost.
6) For TDD bands, if reciprocity can be assumed to decrease the EIS measurement points. Our understanding is that the beam forming gain performance is reciprocity that only bore sight EIS being tested is sufficient with the condition that EIRP is tested for all the necessary directions.
Conclusion
This contribution analyzed the CDF test approach raised in [1] based on some simulation. In the simulation and analysis, we found that the  projection used in LTE TRP/TRS is not suitable for mmWave EIRP and EIS test. We found that UV projection is the correct mapping to reach the whole picture of the UE beam scanning performance. And we have the following proposal:
Proposal: UV projection is used for EIRP/EIS test to have the uniform density on the sphere surface.
Furthermore, we figured out some open issues can be discussed and decided in future meetings to move on this topic.
1) The projection approach.
2) The test system set up.
3) Measurement point number.
4) How to define the requirements on the CDF curve.
5) Whether the whole sphere needs to be tested.
6) For TDD bands, if reciprocity can be assumed to decrease the EIS measurement points.
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