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1 Introduction

In the WF [1] from the RAN4 NR Ad hoc #2 in June the issue of far field length was discussed based on whether the phase centre of the DUT antenna is known or not. This led to the following issue to be resolved at this meeting:

For the ”black box” approach, the exact antenna locations/centre-of-Radiation-Reference-Point (CORRP) [R4-1706617] do not need to be known.
· The UE is positioned with a common reference point similar to existing SISO OTA test cases
· Execution of test cases have relatively low complexity (repositioning to CORRP will not be necessary)
· An MU element for “Offset DUT phase centre from centre of QZ” will need to be added for the DUT stage of the MU budget which depends on size of QZ, and range length
· For the ”white box” approach, the exact antenna locations/centre-of-Radiation-Reference-Point (CORRP) [R4-1706617] need to be known, likely via a manufacturer declaration.
· The CORRP for the active antenna array needs to be aligned with the centre of the quiet zone which likely yields complex execution of test cases
· An MU element for “Offset DUT phase centre from centre of QZ” will not need to be added for the DUT stage but a MU element for UE re-positioning needs to be added 
The group needs to decide on the test approach by RAN4 #84
This paper proposes a definition for range length and test process with and without knowledge of the radiation phase centre.

2 Range length and test procedure without knowledge of the radiation phase centre (black box)
This is the simplest method, aka black box approach. Without knowledge of the radiation phase centre it must be assumed the antenna elements/array(s) could be located anywhere on the DUT. For that reason, the antenna aperture used for calculating the far field distance is set to be the maximum dimension of the device, usually the longest diagonal.
This leads to the following range lengths based on device size for the RF baseline test method.

Table 1. Far field range length based on device size

	Device size (mm)
	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

	150
	28
	4.20
	73.86
	39
	5.85
	79.61

	200
	28
	7.47
	78.86
	39
	10.40
	84.61

	300
	28
	16.80
	85.90
	39
	23.40
	91.66

	400
	28
	29.87
	90.90
	39
	41.60
	96.65


The test procedure for the black box approach will be straightforward in that no manufacturer declarations are required and the device is positioned only once in the centre of the far field quiet zone.
3 Range length and test procedure with knowledge of the radiation phase centre (white box)
An alternative approach using the RF baseline test method is to base the far field distance on the aperture of antenna arrays rather than the entire device size. This results in a much shorter range length as shown in Table 2.

Table 2. Far field range length based on antenna array size

	Array size (mm)
	Freq.

(GHz)
	Far Field (m)
	Path loss

(dB)
	Freq.

(GHz)
	Far Field (m)
	Path loss

(dB)

	10
	28
	0.02
	26.81
	39
	0.03
	32.57

	20
	28
	0.07
	38.86
	39
	0.10
	44.61

	30
	28
	0.17
	45.90
	39
	0.23
	51.66


Given how small the range length is when considering only the antenna array size, any practical implementation is likely to be based on a more workable distance such as 0.5 m or 1 m.

The requirements for adopting the white box approach are:

1. Manufacturers declaration of the phase centre of all antenna arrays

2. Manufacturers declaration that only one antenna array wil be active at any time

3. Specification of a standard test interface to signal to the test system which antenna array is being used at any one time

Assuming the above are provided, the test procedure for TRP might look something like the following:

1. Establish a link with the DUT at the initial pointing angle to the link antenna

2. Determine via the test interface and with reference to the manufacturers declaration, which antenna array is active

3. Reposition the device so that active array is in the centre of the test zone

4. Measure the EIRP over the sphere using the measurement antenna

5. Reposition the DUT to the next pointing angle

6. Check to see which array is active and reposition the DUT if necessary

7. Repeat from step 4 until all pointing angles are measured.

4 Conclusion

Proposal 1: To minimize MU, the range length for the far field RF baseline shall be based on the maximum dimension of the DUT

Proposal 2: To allow for a shorter range length for large devices, an alternative implementation of the far field RF baseline is allowed provided:

1. Manufacturers declaration of the phase centre of all antenna arrays

2. Manufacturers declaration that only one antenna array wil be active at any time

3. Specification of a standard test interface to signal to the test system which antenna array is being used at any one time

Proposal 3: Due to much higher MU caused by path loss and angle uncertainties as discussed in [2], the use of range lengths shorter than those defined by the DUT size in Table 1 in conjunction with a single reference point to position the DUT in the centre of the quiet zone is not allowed.
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