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	Abstract
	This contribution presents an innovative technique for measuring the phase of the radiated field when using a Near field system setup. Preliminary results for radiated AAS BS OTA testing will also be provided.


               
1	Introduction R4-125719
The 3GPP RAN4 AAS working group has agreed on the need of  Radiated  meaurement for testing  AAS BS. This is mainly due to the fact that for the AAS BS the transceiver and antennas are both in the same chasis and hence interactions between those can occur. Here the need of doing OTA measurements [R4-142462]. In [2] the Near-Field technique has been introduced and an overview was given in [3-4]. This document will be provididng some background of the Near Field scanning technique and the associated Near-Field to Far-Field transform, an insight of the Phase Recovery Unit technique, and the preliminary results for radiated AAS BS testing. The main EIRP and EIRS cuts will be showed and  a comparison between conducted and radiated measurements will be also provided.
2	Spherical Near Field Scanning
The Spherical Near Field scanning Technique is one option when talking about Near Field Measurements. The 3D full sphere antenna pattern can be measured in Near Field and then by using the modal spherical wave expansion [4] the Far Field radiation pattern can be calculated and understood. Figure 1 is showing the SATIMO test range implementation of the Spherical Near Field Technique:
[image: ]
Figure 1. SATIMO’s Near Field System
A measurement array is used here in order to reduce the mechanical movement and hence reduce the measurement time. The probes’ scanning is done electronically. As anticipated the near field scaning technique would imply the use of mathematical artefact such as the NF to FF transform in order to have the antenna parameters in the Far Field. The Near Field to Far Field transform is based on the well-know Hyugens principle. The modal wave expansion is the implicit application of the Hyugens principle. A direct solution of the Helmholtz equations is found by applying boundary conditions on the surface S at infinity. From the tangential fields over the surface, the modal coefficients can be determined using the orthogonality of the modal exapansion. This is the method used on the SATIMO’s test ranges. Based on this formulation, the Near Field sampling criteria does play an important role here. The sampling criteria is usually expressed by the following: 
 and 
 can be adjusted by rotating the mast while  cannot since the distance between probes is fixed on the measurement array.  The issue can be due to the fact that for large antenna in terms of size, and high tested frequencies the number of samples on the mimum sphere in the Near Field is not enough and hence compromising the Far Field calculation. Because of that, oversapling technique can be applied. Figure 2 shows the technique implemented in almost all the SATIMO’s test ranges:

Figure 2. SATIMO’s Oversapling technique
The number of measurement points is increased by the oversampling factor while the angular spacing is divided by it. The number of samples is given by the following formula:

Where N is the number of probes in the measurement array,  is the oversampling factor, and  is the diameter of the antenna under test. 
The knowledge of the near field amplitude and phase distribution is indispensable to perform later transformations such as the above NF to FF transform. It is well-know that passive device can be measured efficiently both in amplitude and phase. On the other hand, the phase measurement in active devices is not so eveident. Many HW and SW based solutions have been proposed to address this issue but none has been engineered so far and found to produce good results.

Figure 3. Near Field Amplitude and Phase Information – Possible transformations
In the following sections, our developed technique is described in order to address the issue with the phase measurement and radiation patterns are shown.





2	Figure of Merits 
In the [6] Ericsson was providing the figure of merits for AAS BS OTA testing. Table 1, and 2 are summarizing them with the Pros and Cons for each of them:
[image: ]
Table 1. Figure of merits – Transmission Mode
[image: ]
Table 2. Figure of merits – Recepion Mode

3	Phase Recovery Unit Technique
Figure 4 shows the system setup with the Phase Recovery Unit included.

[image: ]
Figure 4. Block Diagram of the Near Field test range with the Phase Recovery Unit
The technique is based on the synchronous reception of two signals, the measurement and the reference as in figure 4. Basically, the signal transmitted by the active device is measured simultaneously with two probes, one being the measurement probe and the other the reference probe. These two signals are then input to the PRU (Phase Recovery Unit) which has been developed in order to output the amplitude and phase of the received signal. The advantages are the following:
· Phase retrieved in a single step
· The technique can be applied to wideband signals such as LTE or LTE-A
· Robust method over a large dynamic range
The existing Near Field systems can be equipped with the new HW. The complexity and cost of the upgrade is very low.
4	Validation Test Cases
4.1	Transmission Measurement Setup for radiation pattern      measurements
Figure 5 shows the NF system setup when a real AAS BS will be measured:
[image: ]
Figure 5. NF system setup when testing real AAS BS in transmission mode (EIRP)
The communication is established between the phone emulator and the AAS BS via the reference antenna. The downlink signal is then sent by the AAS BS to the measurement probes. The PRU then measures the amplitude and phase of the AAS BS transmitted signal. Due to the lack of a real AAS BS, SATIMO has developed a test case in order to validate the PRU and hence the whole NF setup. The AAS BS is emulated by a passive BS antenna plus a modem data card. This setup is measured in active mode (with modulation) by using the following settings:
	Parameters: 
	Settings 

	Protocol 
	LTE 

	Band 
	1 

	Frequency 
	1950 MHz 

	Signal Direction 
	Uplink (antenna transmitting) 

	Signal BW 
	10 MHz 

	MCS/TBS 
	6/6 


Table 1. Active mode - Parameters’ settings
The same setup is also measured in passive mode (without the modulation) by using the following settings:
	Parameters:
	Settings

	Protocol
	LTE

	Frequency
	1945 MHz - 1955 MHz

	Signal Direction
	antenna transmitting

	Frequency step
	0.5 MHz


Table 2. Passive mode – Parameters’ settings
The passive measurements are averaged over frequency.
Figure 6 shows the NF system setup when testing the emulated AAS BS in transmission mode:
[image: ][image: ]
Figure 6. NF system setup when testing an emulated AAS BS in transmission mode (EIRP)
The communication is eastablished between the BTS emulator and the modem data card. The uplink signal is sent from the modem data card to the BS antenna and then to the measurement probes. The PRU measures the amplitude and phase pattern of the signal sent by the modem data card through the BS antenna in transmission mode. 
4.1.1 	EIRP measurements
The antenna pattern in transmission mode is available in Far Field based on the NF pattern measured with the modulation activated and NF to FF transformation. Due to the fact that the power quantities are conserved during the NF to FF transform [5], measurimg the total power in NF from one location (Azimuth, Elevation) over the entire sphere and NF radiation pattern, the point by point EIRP in the Far Field can be determined accurately. It means that the measurement of the EIRP in NF gives the full EIRP pattern in FF. In order to validate this approach, EIRP has been measured by using two different methodologies:
· Measurement of conductive power plus the passive gain measurement of the BS antenna
· Pattern measurement with modulation plus normalization with NF EIRP single point (Azimuth, Elevation) measurement
Figure 7 shows the used setup:
[image: ]
Figure 7. Measurement setup for NF EIRP measurement



4.2	Reception Measurement Setup for radiation pattern measurements
Figure 8 shows the NF setup when a real AAS BS will be measured
[image: ]
Figure 8. NF system setup when testing real AAS BS in reception mode (EIRS)
The Uplink signal is sent to the AAS via the measurement probes, the signal is then downconverted to BaseBand signal in the AAS and then I&Q are transferred to the Radio Equipment Controller (REC) via the data card link (CPRI, OBSAI…). The I&Q will be then upconverted to RF by the REC and sent to the PRU which will measure the phase and amplitude of the AAS BS pattern in reception mode. As per the transmission mode testing, the AAS BS has been emulated here with a BS antenna plus a modem data card. Table 3, and 4 are reporting the settings used for the active and passive mode tests, respectively:
	Parameters: 
	Settings 

	Protocol 
	LTE 

	Band 
	1 

	Frequency 
	2140 MHz 

	Signal Direction 
	Downlink (antenna receiving) 

	Signal BW 
	10 MHz 

	MCS/TBS 
	5 / 5 (subframe 1-4 and 6-9) 


Table 3. Active mode - Parameters’ settings





	Parameters: 
	Settings 

	Protocol 
	LTE 

	Frequency 
	2135 MHz - 2145 MHz 

	Signal Direction 
	antenna transmitting 

	Frequency step 
	0.5 MHz 


Table 4. Passive mode - Parameters’ settings

[image: ][image: ]
Figure 9. NF system setup when testing an emulated AAS BS in reception mode (EIRS)
The communication is establhished between the BTS emualator and the modem data card. The downlink signal is received by the BS passive antenna through the probes and then transferred directly to the PRU which does measure the phase and amplitude of the received field of the BS passive antenna: 











4.2.1 	EIRS measurements
Figure 10 shows the NF system setup used for NF EIRS measurements:
[image: ]
Figure 10. Measurement setup for NF EIRS measurement
The antenna pattern in reception mode is available in Far Field based on the NF antenna pattern measured with the modulation activated and NF to FF transformation. Due to the fact that power quantities are conserved during the NF to FF transform [5], measurimg the total power in NF from one location (Azimuth, Elevation) over the entire sphere and NF radiation pattern, the point by point EIRS in the Far Field can be determined accurately. It means that the measurement of the EIRS in NF gives the full EIRS pattern in FF. In order to validate this approach, EIRS has been measured by using two different methodologies:
· Measurement of conducted sensitivity plus the passive gain measurement of the BS antenna
· Pattern measurement with modulation plus normalization with NF EIRS single point (Azimuth, Elevation) measurement
5	Results
5.1	Transmission Mode - Radiation pattern 
5.1.1	Near Field Radiation pattern 
Figure 11 and 12 show the 2D plot of the near field magnitude radiation pattern measured in passive, and active mode while figure 13 shows the 1D plot and the comparison between CoPolar and CxPolar:
[image: ]
Figure 11. Near Field Magnitude Pattern Comparison: CoPolar component

[image: ]
Figure 12. Near Field Magnitude Pattern Comparison: CxPolar component



[image: ]
Figure 13. Near Field Magnitude Pattern Comparison
The Near Field Phase radiation patterns are compared in Figure 14, and 15, respectively 1D and 2D plots for the CoPolar compenent:

[image: ]
Figure 14. 2D Near Field Phase Pattern Comparison: CoPolar


[image: ]
Figure 15. 1D Near Field Phase Pattern Comparison
Figure 16, and 17 show the Q1, and Q2 coefficients respectively
[image: ]
Figure 16. Q1 coefficient comparison – Passive Measurement (left), Active Measurement (right)



[image: ]
Figure 17. Q2 coefficient comparison – Passive Measurement (left), Active Measurement (right)
The effect of extra cables and sniffer antenna can be seen in both figure 16, and 17 respectively for Q1 and Q2 when testing the AAS BS in active mode. However, the energy level is very low comparing with the energy for the fundamental modes.
5.1.2	Far Field Radiation pattern 
Figure 18, and 19 show the 2D plot for the radiation pattern in Far Field respectively for CoPolar anc CxPolar components and when comparing the measurement with and without the modulation. 
[image: ]
Figure 18. 2D plot - Far Field magnitude radiation pattern comparison: CoPolar
 [image: ]
Figure 19. 2D Plot - Far Field magnitude radiation pattern comparison: CxPolar
The 1D plot comparison is shown in Figure 20, and 21 repsectively for CoPloar and CxPolar:
[image: ]
Figure 20. 1D Plot - Far Field magnitude radiation pattern comparison



[image: ]
Figure 21. 1D Plot - Far Field magnitude radiation pattern comparison: CoPolar and Equivalent Error
5.1.3	EIRP Radiation pattern 
Figure 22 shows the EIRP radiation pattern and mainly the comparison between the one normalized with the Near Field EIRP measurement and the reference:
[image: ]
Figure 22. 1D Plot - EIRP radiation pattern comparison
Near Field measurement techniques can be used for measuring EIRP in Far Field. As it was shown in Figure 22, both the methodologies give similar results with worst case delta of around 0.5dB. The delta can be due to:
· Range calibration for EIRP Near Field
· Range calibration for passive gain measurement
Measurement time is really fast, 2-3 minutes for each channel/frequency. At the end the full EIRP radiation pattern in Far Field is obtained.

5.2	Reception Mode - Radiation pattern 
5.2.1	Near Field Radiation pattern 
Figure 23 and 24 show the 2D plot of the near field magnitude radiation pattern measured in passive, and active mode while figure 25 shows the 1D plot and the comparison between CoPolar and CxPolar:
[image: ]
Figure 23. Near Field Magnitude Pattern Comparison: CoPolar component

[image: ]
Figure 24. Near Field Magnitude Pattern Comparison: CxPolar component

[image: ]
Figure 25. Near Field Magnitude Pattern Comparison



The Near Field Phase radiation patterns are compared in Figure 26, and 27, respectively 1D and 2D plots for the CoPolar compenent:
[image: ]
Figure 26. 2D Near Field Phase Pattern Comparison: CoPolar

[image: ]
Figure 27. 1D Near Field Phase Pattern Comparison: CoPolar


Figure 28, and 29 show the Q1, and Q2 coefficients of the spherical wave expansion for the Near Field to Far Field transformation:
[image: ]
Figure 28. Q1 coefficient comparison – Passive Measurement (left), Active Measurement (right)


[image: ]
Figure 29. Q2 coefficient comparison – Passive Measurement (left), Active Measurement (right)

5.2.2	Far Field Radiation pattern 
Figure 30, and 31 show the 2D plot for the radiation pattern in Far Field respectively for CoPolar anc CxPolar components and when comparing the measurement with and without the modulation. 
[image: ]
Figure 30. 2D plot - Far Field magnitude radiation pattern comparison: CoPolar

[image: ]
Figure 31. 2D plot - Far Field magnitude radiation pattern comparison: CxPolar


The 1D plot comparison is shown in Figure 32, and 33 repsectively for CoPloar and CxPolar:
[image: ]
Figure 32. 1D plot - Far Field magnitude radiation pattern comparison

[image: ]
Figure 33. 1D plot - Far Field magnitude radiation pattern comparison: CoPolar and Equivalent Error
5.2.3	EIRS Radiation pattern 
Figure 34 shows the EIRS radiation pattern and mainly the comparison between the one normalized with the Near Field EIRS measurement and the reference:
[image: ]
Figure 34. 1D Plot - EIRS radiation pattern comparison

6	Key Features 
In this section the key features for each testing methodologies are highlighted with the aim of comparing them for both transmission and reception mode:
	
	FF Range 
	Reverberation Chamber 
	Compact Range 
	NF Range 

	EIRPMAX 
	Yes *
~20 min/channel 
	No 
	Yes 
~20 min/channel 
	Yes
~5 minutes / channel 

	EIRP(ϴ,ϕ) 
	Yes**
	No 
	Yes**
	Yes 
~5 minutes / channel 

	TRP 
	Yes**
	Yes 
	Yes**
	Yes 
~5 minutes / channel 

	Directivity 
	Yes**
	No 
	Yes**
	Yes 
~5 minutes / channel 

	Antenna diagnostic 
	No
	No 
	No 
	Yes 

	Cellular Network planning 
	Yes*** 
	No 
	Yes*** 
	Yes 


Table 6. Transmission mode - Comparison Table between different testing methodologies

	
	FF Range 
	Reverberation Chamber 
	Compact Range 
	NF Range 

	EISMAX 
	Yes *
	No 
	Yes 
~20 min/channel 
	Yes
~5 minutes / channel 

	EIS(ϴ,ϕ) 
	Yes**
	No 
	Yes**
	Yes 
~5 minutes / channel 

	TIS 
	Yes**
	Yes 
	Yes**
	Yes 
~5 minutes / channel 

	Directivity 
	Yes**
	No 
	Yes**
	Yes 
~5 minutes / channel 

	Antenna diagnostic 
	No
	No 
	No 
	Yes 

	Cellular Network planning 
	Yes*** 
	No 
	Yes*** 
	Yes 


Table 7. Reception mode - Comparison Table between different testing methodologies
*FF Range should respect FF criteria. CATR and FF Range are assumed to be similar
**”Overview of compact antenna test range”, Ericsson, R4-134905, RAN4#68, October 2013
***Only when Phase/correlation information is not needed

7	Conclusions and next steps
It has been demonstrated that the radiation patterns of an emulated AAS BS can be measured in Near Field, both magnitude and phase when the modulation is activated. TheFar Field radiation pattern are then obtained using a state of the art Near Field to Far Field transformation. The equivalent error when comparing the radiation pattern measured in passive, and active mode (with and without the modulation)  is better than -45dB. The Near Field pattern measurement time is 2-3minutes per channel/frequency in transmission mode (EIRP), and around 5 minutes in reception mode (EIRS).
It was also demonstrated that Near Field measurement technique can be used for deriving the EIRP and EIRS 3D pattern in the Far Field by measuring the full sphere radiation pattern in Near Field and the single point EIRP or EIRS in Near Field. NF to FF transformation will give the EIRP or EIRS full 3D radiation pattern in the Far Field. As it was shown in Figure 22, and 34 respectively for EIRP and EIRS, both the methodologies give similar results with worst case delta of around 0.5-1dB. The delta can be due to:
· Range calibration for EIRP Near Field
· Range calibration for passive gain measurement
· Sensitivity search accuracy for EIRS measurement [0.5dB]
· Sensitivity search accuracy for conducted sensitivity [0.5dB]
Measurement time is 2-3 minutes for a full 3D EIRP radiation pattern in the Far field, while is 5 minutes for a full 3D EIRS radiation pattern in the Far field for each channel/frequency. Masurement time is about ten times less than with a CATR.
The presented technique can be applied to existing SATIMO Near Field system setups with just adding an external HW such as the Phase Recovery Unit (PRU) which is a plug in instrumentation. No high cost intervention on the system setup must be done.
The next step would be to test a real AAS BS antenna in both transmission and reception mode and compare such Near Field measurement results with the Far Field measurement results taken on the same BS antenna sample.
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