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1. Introduction
During the 3GPP TSG RAN4 AAS BS ad hoc meeting in June 2015, the EIRP and EIS OTA testing procedures when using a Near Field Measurement Technique were presented [1]. Testing results were missing when using those testing procedures. This contribution is presenting EIRP and EIS OTA preliminary results for an AAS BS implementation when using Near Field Measurement Technique. 
2. Tested AAS BS implementation

It is not the purpose of this contribution to disclose the AAS BS implementation but some info needs to be provided to understand the criteria followed throughout the contribution when comparing the OTA measured EIRP and EIS. The tested AAS BS was equipped with an RF Unit, and a Baseband Unit (BBU), as it is showed in Figure 1, and 6. With this configuration, it was possible to measure the power at the output of the RF Unit and the antenna array itself by accessing to the RF connectors. This specificity is used to obtain reference performances (baseline) for the tested AAS BS (a first approximation of the AAS BS performances can be estimated by summing the passive antenna measured peak gain and the conducted power of the RF Unit). Passive measurements and active measurements of the AAS BS were taken by using the same Near Field System setup and hence the same equipments which are connected to it. An LTE FDD OFDMA signal was used when performing both passive and active measurements. Comparison between performances using continuous wave or modulated signal have already been presented in [2] and showed pretty good correlation.
The tested frequency band was BAND 1 so that the UL frequency was set to 1960MHz (EIS measurement) whereas the DL frequency to 2150MHz (EIRP measurement). 
In order to check the repeatability of the measurements, EIRP was measured twice with two different target power levels at the output of the RF Unit, 43dBm and 40dBm.
3. EIRP and EIS Testing procedures and Preliminary Results
In the following sections, the EIRP and EIS testing procedures are reported. Those refer to measurement taken on a Near Field Setup [3] in which the Phase Recovery Unit technique is used [2]. 
3.1 EIRP testing procedure
In Figure 1, the EIRP measurement set up is shown:
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Figure1. EIRP Measurement setup

The Proprietary BaseBand Unit (BBU) can control several RF Units which are embedded in the AAS BS. In our case we did use one RF Unit. The I&Q box digital interface module is an ideal solution for testing the base band unit (radio equipment control) of a BS. By means of an I&Q box option, CPRI REC test option data is exchanged between the REC and the I&Q box measurement equipment in line with the CPRI specification. The optical or electrical connection is done via an I&Q box breakout board.
The EIRP testing procedures is:
· I&Q are generated in the BBU and then transmitted over CPRI to:
· I&Q box which converts CPRI back to I&Q and transmit them to the Vector Signal Generator 
· AAS which up-converts the I&Q and transmit them OTA
· I&Q are also up-converted in the vector signal generator and transmitted RF to the Phase Recovery Unit – this RF signal will be used as reference by the PRU
3.1.1 EIRP Preliminary Results

Figure 2 and 3 show the EIRP Far Field radiation patterns (CoPolar [P+45°], and XPolar [P-45°]) for the elevation, and azimuth cuts respectively:
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Figure2. Elevation Cut – CoPolar and XPolar Comparisons
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Figure 3. Azimuth Cut – CoPolar and XPolar Comparisons

Figure 4, and 5 show the EIRP Far Field patterns for the ETotal, both elevation and azimuth cuts respectively:
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Figure 4. Elevation Cut – ETotal Comparison
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Figure5. Azimuth Cut – Etotal Comparison

In Table 1, the EIRP analysis is highlighted:

Table1. EIRP Summary Table – Comparison
Conducted power: power measured at the output of the RF Unit

EIRP Near Field: Single point NF power measured -> it is used for normalizing the EIRP during the NF to FF transformation [2]

Measured EIRP Max: it is the OTA power measured at the beam center in Far Field

Measured TRP: efficiency calculation based on the EIRP Far Field pattern

Directivity Max: Measured EIRP Max – Measured TRP (Efficiency)

Passive Peak Gain: it is the gain of the AAS BS measured in passive mode when using a CW signal. It is equal in all the measured cases

Expected EIRP Max: Conducted Power + Passive Peak Gain (our baseline)

Delta EIRP Max: Expected EIRP Max – Measured EIRP Max

In Table 2, the Beam Center and 3dB Beamwidth comparisons are also highlighted:


Table 2. Beam Center and 3dB Beamwidth comparison
It has to be noted that two points are missing in the above analysis:

· Loss of the around 30cm RF cable from the RF Unit to the antenna array port

· Effect of the RF Unit on the OTA radiation patterns
· The RF Unit is present in the OTA AAS BS (active) Measurement whereas it is not in the Passive Measurement

· The RF Unit can be considered as a near field structure which is placed close by the AAS BS under test
3.2 EIS Testing Procedure
In Figure 2, the EIS set up is shown:
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Figure 6. EIS Measurement setup

The proprietary BBU is used for the EIS testing as well as the I&Q box which is depicted in section 2.1.
The EIS testing procedure is:

· The LTE signal is generated and transmitted to:

· the AAS BS OTA via the probe array

· the PRU Ref channel and used as reference

· AAS BS is then connected to the I&Q box and BBU via a CPRI interface

·  I&Q box will convert the CPRI to I&Q and send them to the second vector signal generator

· The vector signal generator is then up-converting the I&Q signal received by the AAS BS and send it to the PRU
3.2.1 EIS Preliminary Results

In this contribution, it was not possible to analyze the data by using the same approach as for the EIRP. This is considered as a next step in the OTA EIS testing activity. 

EIS Far Field radiation patterns measured in active (OTA) are compared with the radiation patterns measured in passive. Both patterns have been normalized to the measured maximum power level.
Figure 7, and 8 show the EIS Far Field patterns for the ETotal, both elevation and azimuth cuts respectively:
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Figure 7. Elevation Cut – ETotal Normalized Comparison
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Figure 8. Azimuth Cut – ETotal Normalized Comparison

As for the EIRP, it has to be noted that two points are missing in the above analysis:

· Loss of the around 30cm RF cable from the RF Unit to the antenna array port

· Effect of the RF Unit on the OTA radiation patterns

4. Conclusions and Next steps
In this contribution the testing procedures for EIRP and EIS Measurements of an AAS BS implementation have been highlighted when using a Near Field Measurement System equipped with the Phase Recovery Unit. OTA EIRP and EIS preliminary results have been also reported. 

For the EIRP case, it can be concluded from the analysis that there is a good agreement between the OTA EIRP measurements and the baseline (Passive reference measurements). The repeatability looks also to be fine.
For the EIS case, the same conclusions as for the EIRP cannot be drawn due to the lack of an exhaustive analysis, even though the comparisons in Figure 7, and 8 are encouraging. 
The presented procedures and results do show that Near Field system setup can be used for OTA EIRP and EIS AAS BS measurements.
The next steps are:

1. EIS preliminary results analysis

2. Demonstrate through simulations that the Near Field to Far Field is a linear process when measuring device with multi receivers

a. This is so far demonstrated for single receiver device [3]

3. Comparison between OTA EIRP and EIS patterns measured by using a Near Field and a CATR/FF setup

It has to be noted that it is the first time that OTA EIRP and EIS results are presented in 3GPP RAN4 for an real AAS BS implementation.
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