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1.
Introduction

There are discussions on a measurement distance for an in-band RF measurement at frequency range 2 (mmWave range) from last year. However we have not reached a conclusion so far. [1][2][3]
To achieve a feasible baseline measurement setup for 5G conformance tests, we would like to revisit this topic and also to propose an assumption of far field distance which can be used also for the calculation of measurement uncertainty value.  


2. Discussion
2.1 Consideration on issues with far field distance depending on DUT size
 Table 2.1-1 shows relations among device size, signal frequency, far field distance (2D2/), and path loss.

As you can see the table, if we assume the device size (D) is equivalent to the DUT size, then even with the current target DUT in release 15, which is 150 mm smart phone, far field distance becomes 6.53 m at the frequency of 43.5 GHz. And as we introduced an issue in [4], we may face a testability issue due to the extremely high free space path loss and also with the loss by a long cable in a chamber. It is also easy to imagine that we may have the bigger issue once we include tablet PC or CPE in our scope after release 15.
Table 2.1-1 Far field distance and path loss based on device size and frequency
	Device size D (mm)
	Freq.
(GHz)
	Far Field (m)
	Path loss
(dB)
	Freq.
(GHz)
	Far Field (m)
	Path loss
(dB)
	Freq. 
(GHz)
	Far Field (m)
	Path loss
(dB)

	100
	28
	1.87
	66.81
	39
	2.60
	72.57
	43.5
	2.90
	74.47

	150
	
	4.20
	73.86
	
	5.85
	79.61
	
	6.53
	81.52

	200
	
	7.47
	78.86
	
	10.40
	84.61
	
	11.61
	86.51

	300
	
	16.80
	85.90
	
	23.40
	91.66
	
	26.12
	93.56

	400
	
	29.89
	90.90
	
	41.63
	96.66
	
	46.43
	98.55


Observation 1: Far field distance becomes quite long if DUT size is applied as a device size (D) to determine the far field distance. It will cause an extremely high path loss and the testability issue can be anticipated.
2.2 Consideration on a case that 2 antenna arrays are active in a UE
As there was a comment at the #84 meeting in August [5], and also already studied in [2], there is an idea that multiple antenna arrays are simultaneously active in a UE for a purpose of increasing a link budget by UL diversity. In that case it is true that we cannot avoid assuming a DUT size as a device size to determine the far field distance because antenna positions are unknown. 
However if we look at the current discussions and simulation assumptions on the antenna arrays for power class definition, we can see that all the companies are not taking account of diversity gain by UL-MIMO in their simulation now, assuming only 4 antenna elements for power class 3 UE.
Table 2.2-1 shows the part of simulation assumptions for power class definitions.

	Table 2.2-1 Assumptions of antenna arrays for power class definition
　
	 Docomo
	Intel
	Sony
	Mediatek
	LGE
	Huawei
	Qualcomm

	Antenna
Elements
	4
	4
	2x2 (Patch)
4x1 (Linear)
	4
	4
	4
	4

	Type of antenna
	Patch
	　
	Patch &
 Linear
	Patch
	Dipole & 
patch
	　
	　

	Number of array per UE
	2
	2 or TBD
	2 or 3
	1
	3
	　
	　

	Reference
	R4-1709394
	R4-1709403
	R4-1709750
	R4-1709445
	R4-1709575
	R4-1709540
	R4-1709835

	
	　
	R4-1710430
(w/comparison)
	R4-1711424
	　
	　
	　
	R4-1711516
(w/comparison)


Observation 2: A possibility that the NR UE equips a feature of UL-MIMO is low for now.  
2.3 Far field distance based on antenna array size and phase curvature
Considering the above observation 1 and 2, one of the solutions to shorten the far field distance might be to assume an antenna array size as the device size D to determine the far field distance. Of course the current far field criterion is to keep the phase curvature less than 22.5 degrees. And the image of the far field criterion can be depicted as figure 2.3-1 below. Here D is a device size, is a wavelength, and /16 = 360o/16 = 22.5o.

[image: image1]
Figure 2.3-1 Phase curvature
 However, since a current agreement in RAN4 is that we shall test a DUT (UE) with a black box test approach, actual antenna position in the DUT is unknown. Therefore the figure 2.3-2 shows the actual image of antenna position in the DUT and a phase curvature in a case which we take into account of this black box test condition. 
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Figure 2.3-2 Phase curvature with black box approach
Here a green circle represents a position where the antenna in the DUT can exist and a blue circle represents an antenna array. Also, 
D: Antenna array size

r1: 2D2/ 
r2: 2D2/ + 
l: (DUT size) /2 – D/2

R: Distance between the measurement antenna and the centre of the DUT.
As shown in the figure 2.3-3 below, as far as we choose R to be larger than l + r1, we can see the phase curvature is within the limit of 22.5o. Therefore we can assume that the distance R which is derived from the antenna size and DUT size is satisfying the far field distance. But of course we have to add some measurement uncertainty contribution called “offset of DUT phase centre from an axis of rotation” as a black box test factor when we calculate the measurement uncertainty value. And it is already going to be included as a result of the quality of quiet zone evaluation.
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Figure 2.3-3 Plot of the phase curvature with black box approach

Observation 3: As far as we choose R to be larger than l + r1, we can see the phase curvature is within the limit of 22.5o, which means that we can assume the antenna size as the factor to determine the far field distance.
Therefore to achieve a feasible measurement setup for 5G conformance tests, and considering the observations above, we propose as follows.

Proposal 1:  RAN4 can use the antenna size to determine the far field distance on condition that only single antenna array is activated. Definition of an antenna size is FFS.  


3.
Conclusion
In this contribution, we introduced an influence when the far field distance is determined by the device size (DUT size) and studied a solution to achieve the shorter far field distance.
Observation 1: Far field distance becomes quite long if DUT size is applied as a device size (D) to determine the far field distance. It will cause an extremely high path loss and the testability issue can be anticipated.
Observation 2: A possibility that the NR UE equips a feature of UL-MIMO is low for now.  

Observation 3: As far as we choose R to be larger than l + r1, we can see the phase curvature is within the limit of 22.5o, which means that we can assume the antenna size as the factor to determine the far field distance.
Proposal 1:  RAN4 can use the antenna size to determine the far field distance on condition that only single antenna array is activated. Definition of an antenna size is FFS. 
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