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1 Introduction

A study item of the MIMO OTA testing for multi-antennas mounted on UE/MS was agreed in the RAN 43 meeting [1]. During the RAN4 50-bis meeting in Seoul, a skeleton report for the MIMO OTA study item [2] was agreed. The skeleton report covers introduction, performance metrics, methodologies based on anechoic RF chamber and reverberation chamber, and recommendations. Several different candidate testing systems have already been proposed. 
To make the recommendation, it is necessary to study the capability of each system to differentiate between a good terminal and a bad terminal. It is well known that the MIMO performance depends strongly on radio channel conditions and antenna design. This contribution presents OTA measurement results of compact MIMO antennas.

The DUT antenna has been designed for the 3.5GHz band of operation. As a reference point of comparison the measurements was performed twice; once with a reference dual-dipole antenna, and once with the DUT antenna. The DUT antenna was tested at different orientations. The PHY (Physical Layer) to be used in this campaign was an 802.11n-like PHY. The performance metric is physical layer throughput vs SNR. The result shows a significant difference between antennas in terms of throughput.

The antenna design was done in ROCKET project, and the whole measurement campaign in WINNER+ project.

2 DUT Antennas
This section describes the measurement setup. The antennas described in sub-sections 2.1 and 2.2 have been designed and manufactured by CEA-LETI in France. 
2.1 Compact wideband multiple antenna system
Figure 1 shows the compact wideband multiple antenna system. A notch antenna and a dual-resonant PIFA antenna are combined on a compact printed circuit. The dimensions of the multiple antenna system are 25mm×35mm i.e. 0.3(×0.4( at 3.4GHz. The height is reduced to 8mm i.e. 0.1( at 3.4GHz. Two micro strips link the antennas to two SMA edge card connectors. The 16mm extension of the ground plane between the two combined antennas and the connectors prevents critical perturbation due to connected cables or device.
[image: image1.emf] 


Figure 1. Wideband compact multi-antenna geometry.
The scattering parameters are presented in Figure 2. The dual resonant PIFA is optimized on the 3.4-3.8GHz frequency band. The frequency bandwidth (|Sii|2<-10dB) of the notch antenna is 3.4-3.75GHz but the reflection coefficient does not exceed -8.3dB on the whole 3.4-3.8GHz frequency band. The maximum coupling between the two combined antennas is lower than -20dB.
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Figure 2. Wideband scattering parameters of the multi-antenna system

The gain patterns of the two combined antennas are plotted in Figure 3, Figure 4, and Figure 5. Three orthogonal cut planes and three frequency points 3.4GHz 3.6GHz and 3.8GHz have been considered for the measurements. The reference coordinate system is presented in Figure 3. The multiple antenna system has constant radiation properties on the 3.4-3.8GHz frequency band.

We can observe the polarization duality between the two combined antennas in the three considered cut planes: E( radiation pattern of the PIFA is alike the cross polarized E( radiation pattern of the notch antenna and vice-versa.
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Figure 3. Wideband gain pattern dBi – xoy
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Figure 4. Wideband gain pattern dBi – xoz
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Figure 5. Wideband gain pattern dBi – yoz
Two orientations were tested (see Figure 6): a vertical orientation a horizontal orientation. 
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Figure 6. DUT orientations to test
2.2 Reference multi-antenna system
The reference multi-antenna system is based on a wide printed dipole antenna geometry which is showed in Figure 7. A shorting strip is introduced between the two dipole arms so that both dipolar and notch resonant modes can be jointly optimized. Consequently, the antenna works on a wide frequency bandwidth. The dipole is fed by coupling with a micro strip etched on the opposite side of the Printed Circuit Board PCB. A SMA connector is mounted at the opposite extremity of the micro strip line.

Two dipoles are brought together on a single PCB with orthogonal ±45° orientation. A 33mm distance separates the two elements to improve diversity and isolation. Moreover, there is no direct electrical continuity between the two dipoles at the PCB level (even ground continuity) in order to limit the coupling. 

[image: image11]
Figure 7. Dual dipole reference antenna prototype
The scattering parameters of the dual dipole reference antenna are presented in Figure 8. Due to symmetrical properties of the multi-antenna geometry, the two ports have the same reflection coefficient S11=S22. The reflection coefficient is lower than -10dB in the 3-4GHz frequency band. The coupling between the two combined antennas is sufficiently low on the 3-4GHz frequency band to insure against low radiation efficiency and correlated radiation patterns.
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Figure 8. Scattering parameters of the dual dipole reference antenna
The gain patterns of the reference multi-antenna system are presented in Figure 9 and Figure 10. The patterns have been measured in three orthogonal cut planes and for three different frequencies 3GHz 3.5GHz and 4GHz. The measurements clearly show the symmetry between the port 1 and the port 2. The reference multi-antenna system radiates with main vertical polarization in the xOy and yOz cut planes. We can observe an angular diversity since the port 1 and the port 2 radiate of both sides of the multi-antenna system (see xOy and yOz). The radiation properties of the two ports are similar in the symmetry plane xOz as expected.
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[image: image13]
Figure 9. Gain patterns of the reference multi-antenna system – port 1


[image: image14]
Figure 10. Gain patterns of the reference multi-antenna system – port 1

3 MIMO OTA Test Setup

The measurement setup is based on the methodology using anechoic chamber and fading emulator [3]. MIMO terminal under test is placed in an anechoic chamber in the center of a ring of OTA antennas. The equally spaced OTA antennas, with the help of the fading channel emulator provide the physical angle of arrival aspect of the radio channel. The BS signaling unit transmitter is connected to the fading emulator which in turn maps the signal to the individual OTA antenna channels. Each channel signal is faded independently before transmission to the DUT through the OTA chamber antennas.
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Figure 11. MIMO OTA Test Setup.

3.1 RACE Platform

The transceiver system was so called RACE platform (designed and manufactured by EB). RACE platform consists of a standard rack mounted PC interfaced with broadband DSP units that provide the digital to analog domain conversions as well as HW acceleration capabilities. The RACE platform also includes wideband RF units to perform the up- and down-conversion of RF signals in the ranges of 300-2700 MHz and 3500-5800 MHz.
The RACE emulation concept is illustrated in Figure 12. The HW building blocks are illustrated as rectangular blocks and the SW building blocks are circles. The TX and RX processing cards consist of FPGA signal processing circuits that allow high performance signal processing. The interface between the HW and the measurement scripting tool (Matlab® or EB4G-GUI) is achieved through a shared library. The shared library provides a communication socket between the main scripting tool and the hardware server.
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Figure 12. RACE Emulator concept block diagram

3.2 Radio Channel Emulator

EB Propsim F8 is a multi-channel fading emulator pictured in Figure 13. F8 provides eight RF channels with up to 32 independent logical fading channels. Each fading channel can have up to 48 fading paths. For the purposes of this test plan, we will use two F8 emulators. With a total of 8 dual-polarized OTA antennas we will need a total of 16 RF outputs (2x8). The channel models used in this measurement campaign were WINNER Outdoor-to-Indoor and Single Cluster.

[image: image17]
Figure 13. EB Propsim F8 and external Power Amplifiers.
3.3 Anechoic Chamber

The anechoic chamber used in this study was just an EMC test laboratory (Figure 14). However, it was considered to be good enough for this purpose. The OTA measurement antenna used is a dual polarized linear tapered slot antennas which have been specifically designed for OTA test purpose by CEA-LETI. The RF frequency range of operation is 2-4GHz (Figure 15).
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Figure 14. Anechoic chamber.
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Figure 15. OTA Antenna.

3.4 Waveform

The WLAN downlink PHY model parameters are listed in Table 1.
Table 1. WLAN DL PHY parameters.

	Parameter
	Value / Range
	Comments

	NFFT
	64
	

	BW
	20MHz
	

	TGI
	[0.4, 0.8] us
	0.8us is default, 0.4us is “short” CP 

	TDFT
	3.2 us
	1 ms frame made up of two 0.5ms subframes

	NSYM
	-
	Number of symbols per frame is determined by MCS and length of user data burst

	NUSED
	<= 56
	56 subcarriers used for data and pilot.

	Mod
	[BPSK, QPSK, 16QAM, 64QAM]
	Modulation schemes

	NTX
	<= 2
	Number of TX antennas

	NRX
	<= 2
	Number of RX antennas

	MIMO
	1x1, 1x2 MRC, 2x1 STBC, 2x2 STBC, 2x2 SM
	Supported multi-antenna transmission modes

	FEC
	Convolutional Encode
	Mother code rate = ½, rates 2/3, ¾, 5/6 via puncturing

	Frame Structure
	Modified “Greenfield”
	Model implements the Greenfield frame structure with the omission of HT-GF-STF, HT-LTF1, and HT-SIG that are normally part of the frame preamble.*


4 Results
The throughput results in the case of WINNER Outdoor-to-Indoor channel model can be found from Figure 16 and Figure 17. In Figure 16, X axis shows actual SNR measured at receiver digital part. Y axis shows the throughput (bps/Hz). In diversity mode, the maximum throughput is saturated to 0.75 bps/Hz and in MIMO mode, the maximum throughput is lower in low SNR but almost double in high SNR. The compact antenna design gives better performance in both cases, but the “antenna design gain” is higher in MIMO case. In Figure 17, impact of antenna orientation is shown. Figure 18 and Figure 19 shows the throughput results in the case of Single Cluster channel model; XPR = 0 dB and XPR = 10 dB, respectively.

[image: image20]
Figure 16. Throughput results.
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Figure 17. Throughput results, compact multi-antenna in two orientations.
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Figure 18. Single Cluster XPR = 0 dB.
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Figure 19. Single Cluster XPR = 10 dB.
5 Conclusion
This contribution presented initial results from a measurement campaign where two different types of multi-antenna designs are compared in terms of throughput. The results show a clear difference between the antenna designs. It is also important to note that the performance difference of the two antenna designs is much more pronounced when the physical layer is in MIMO mode. This clearly shows the added value (or the necessity) of OTA testing of MIMO terminals. This difference can not be discovered using traditional conductive measurement methodologies.
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