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1.
Introduction

At the last RAN4 meeting #85 in Reno, we derived a measurement uncertainty value of the maximum output power for EIRP/TRP with limited conditions such as frequency=43.5 GHz and the criteria D=5cm to derive far field distance. 
However an applicability of D may vary since there are implementation dependencies of functionalities in the UE.  

In this contribution we show our views on this applicability from the viewpoints of an antenna implementation and signal transmit functionalities.


2. Test approach for OTA measurement and criteria to derive far field distance
For UE RF OTA tests at mmWave range, agreement in RAN4 is that we apply the black box approach which does not require a declaration of an antenna size, an exact position of UE antennas, and timing when antennas are active.
 And there is a discussion that the far field criteria (D) varies depending on those conditions and we shall apply D = total device size or an antenna aperture size in the DUT, for example 15 cm or 5 cm. 

 However we assume that the criteria to decide far field distance (2*D2/) can be judged depending on following conditions / functionalities. And we think that we can apply an antenna aperture size (smaller dimension than the size of DUT) to most of UEs as far as we clarify policies for functionalities of UEs below.
a) UL-MIMO 

b) Rx Diversity

c) Sparse antenna array
 Therefore we propose that we judge the far field distance depending on functionalities which are supported by UEs.
Proposal 1: Decide the far field distance for OTA test depending on functionalities supported by UEs. 
2.1 Treatment of UL-MIMO
 We assume that we can judge an applicable size of D to decide far field distance by following cases. 
Case 1) UL-MIMO is not supported

When UL-MIMO is not supported by the UE, we can apply an antenna aperture size in DUT as D. (e.g. 5 cm )

Since UL-MIMO is out-of-scope at least in Rel-15 mmWave UE, we assume that we can apply an antenna aperture size as D except for the case that a sparse antenna array is used in the UE. The case for UEs with the sparse antenna array is discussed later in this paper.
However as the antenna position is not known, we need to take account of the measurement uncertainty (MU) related to the offset of DUT phase center, which is already included as the MU value called “Quality of the quiet zone”.
Case 2) UL-MIMO is supported

We assume that the applicability of D varies depending on whether the signals transmitted by UL-MIMO are correlated or not.

Case 2-1) UL-MIMO supports spatial multiplex

It is true that signals are transmitted from multiple antennas at the same time. But as far as UL-MIMO supports only a spatial multiplex and signals from each antenna are uncorrelated each other, we assume that we can also apply an antenna size of DUT as D. Then we again need to include MU values for black box approach.  

Whether UL-MIMO is supported or not can be judged by a capability or transmission mode by a signalling of UEs.

  Another possibility is that the UE uses two polarizations of the same array antenna to transmit the UL signals. In this case it can still be handled within the antenna aperture size assumption.
  Case 2-2) UL-MIMO supports coherent UL-MIMO
   In this case we need to apply a whole device size as D (e.g. 15 cm for Rel-15) as far as we cannot know the exact antenna positions.
 Considering from case 1) to case 2-2) above, we propose the applicability of D as follows.

Proposal 2: For the case which UL-MIMO is supported in the UE, apply an antenna aperture size as D except for the case that coherent UL-MIMO is supported.
2.2 Treatment of Rx Diversity
Considering the mechanism of Rx diversity which has the maximum ratio combining (MRC), the UE is adjusting a phase of signals which are received by multiple antennas and then combining them at the baseband. Therefore there is no need that we try to adjust phase relationship of signals among multiple antennas before delivering signals to DUT.  We think that we can separate this case with the Tx measurement and assume that we can apply an antenna aperture size as D to derive the far field distance. 
Observation 1: We can apply an antenna aperture size as D considering the mechanism of Rx diversity and MRC.
2.3 Treatment of sparse antenna array
 A total device size needs to be applied as D to UEs with a sparse antenna array since its functionalities are not clear yet.   
However if we can assume that the usage of this sparse antenna is a corner case at this moment, we think that we can demand a declaration from UE vendors on this feature. How we request the declaration needs further study.
Proposal 3: For UEs which equip a sparse antenna, UE vendors declare on this design.
A way to declare: 

Option 1) Declare whether the sparse antenna array is equipped or not.
Option 2) Declare the measurement distance (range length).
Option 3) Declare the size of radiative part.


3.
Conclusion
 In this paper we showed our views on deciding far field criteria to achieve a simple and cost effective conformance test system. Proposals and an observation are as follows.
Proposal 1: Decide the far field distance for OTA test depending on functionalities supported by UEs. 

Proposal 2: For the case which UL-MIMO is supported in the UE, apply an antenna aperture size as D except for the case that coherent UL-MIMO is supported.
Observation 1: We can apply an antenna aperture size as D considering the mechanism of Rx diversity and MRC.

Proposal 3: For UEs which equip a sparse antenna, UE vendors declare on this design.
A way to declare: 

Option 1) Declare whether the sparse antenna array is equipped or not.
Option 2) Declare the measurement distance (range length).
Option 3) Declare the size of radiative part.
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