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Introduction

Recently methods for MIMO over-the-air (OTA) terminal testing have been discussed in 3GPP RAN4 (Study Item) [7-10] and in COST 2100 (SWG 2.2) [1-6]. The purpose of the MIMO OTA is to evaluate multi-antenna terminals. Realistic multi-dimensional channel models are required for that purpose as discussed in [17]. There is identified that the Geometry-based Stochastic Channel Models (GSCM) are the most suitable for MIMO OTA testing. The GSCM include SCM, SCME, WINNER and IMT-Advanced channel models. In this TD we discuss the accuracy and performance of MIMO OTA set-up, depicted in figure 1, when the channel model is 3GPP SCM or SCME [11]
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Figure 1. The MIMO OTA concept

This contribution is based on [18] and it confirms that GSCM can be implemented by the proposed concept. The emphasis is on properties of the cross polarized channel models, which has not been studied before in the context of the MIMO OTA. Polarization is an important dimension in MIMO OTA concept, because polarized antennas will be probably used to pursue good MIMO antenna characteristics in small sized multi-antenna terminals.

Experimental set-up

1.1 Test Setup for Spatial Channel Model Verification
The measurement set-up is depicted in figure 2. Components of the set-up are: anechoic chamber, Propsound CS™ channel sounder transmitter [14], Propsim C8™ radio channel emulator [14], eight dual polarized OTA antennas (only vertical polarization was used),  Propsound Uniform Circular Array (UCA) Rx antenna, antenna switch, and Propsound CS receiver.


[image: image1]
Figure 2. The experimental MIMO OTA test set-up

The signal was created with radio channel sounder transmitter unit on 2.45 GHz and 100 MHz bandwidth. We used 97 Hz cycle rate in channel sounder and the code length was 511 yielding at maximum 5.11 µs delay spread. This signal was fed to radio channel emulator [14]. Predefined OTA capable radio channel profiles are generated with known characteristics of SCM and SCME models are stored to the fading emulator. This signal was then fed to OTA antennas with appropriate mapping, performed by the fading emulator as described in [15]. Radio channel models were SCM Urban Macro and Urban Micro scenarios. Omni-directional base station antenna was assumed in the channel models. The receiver array was EB UCA antenna [5], depicted in figure 3.

[image: image2.emf]
Figure 3. The DUT antenna in experimental set-up.

The UCA antenna is capable of capturing the radio channel characteristics in azimuth plane. The purpose was to apply beam steering to the measured data and estimate the power azimuth spectrum of reconstructed SCM(E) channel model. Anyhow this target was not reached. During the data post processing phase we noticed that the antenna switch was broken. In the data the different Rx antenna channels had attenuation variation of several decibels due to damaged switch. This made the beam steering impossible and we had to confine to power delay profiles only.

Figure 4 depicts the antenna positions inside the chamber.
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Figure 4. The UCA antenna in the centre of the chamber, surrounded by eight OTA antennas.

1.2 Test Setup for XPR Verification
The measurement set-up 2 is the same as set-up 1, except that we used both vertically and horizontally polarized elements of OTA antennas. Thus we needed at total 16 separate channels in two Propsim channel emulators. Radio channel models were SCM Urban Macro and Urban Micro scenarios. Vertically polarized omni-directional base station antenna was assumed in the channel models.


[image: image5]
Figure 5. The experimental test set-up in XPR testing.

The DUT we used was dipole antenna, provided by Satimo, France [16]. In the measurement the dipole antenna had three different orientations, 

· antenna zenith pointing to roof of the chamber (V polarization), 

· antenna zenith pointing to 90( azimuth direction (H polarization), 

· antenna zenith pointing to 0( azimuth direction (H polarization).
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Figure 6. The dipole orientation in XPR tests. a) zenith pointing towards roof of the chamber, b) zenith pointing to OTA antenna 3 at 90( direction and c) zenith pointing to the OTA antenna 1 at 0(. 
1.3 Link budget

The link budget calculation defines the average signal level in the centre of the OTA chamber. In the test set-up, we used amplifiers after the channel emulator output. The signal level is high enough to give required dynamic range for signal detection at Propsound receiver unit.

Table 1. Measurement link budget.
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Results

1.4 Power delay profile

Measured power delay profiles (PDP) of SCM Urban macro and micro scenarios are illustrated in Figure 7 and Figure 8. As in the similar result presented in [5], the measured PDP has pretty good match with the original SCM TDL model PDP. Urban macro scenario was measured with the set-up 1 and Urban micro with the set-up 2. The figures have different noise level due to different set-ups.

Also SCME scenarios were measured. In SCME the bandwidth extension is obtained by spreading the SCM spatial clusters (paths) in delay domain on three different delay positions (0, 5 and 10 ns). The measurement resolution in delay domain is such a low that the three delay components (mid-paths) were not resolvable. ISIS super resolution algorithm would have probably been able to separate the delay components, but we didn’t utilize ISIS in this study.
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Figure 7. PDP of SCM Urban macro scenario
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Figure 8. PDP of SCM Urban micro scenario

1.5 Cross polarization power ratio

The cross polarization power ratio discussed in the following is defined in this paper as: the ratio of the power transmitted V polarized and received V polarized to the power transmitted V polarized and received H polarized
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Power delay profiles of two SCM TDL model scenarios were measured with three different receiver dipole orientations. Figure 9 illustrates the three dipole orientations of photographs in Figure 6.
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Figure 9. Antenna configuration on XPR measurement. Eight uniformly spaced dual polarized OTA antennas are on azimuth plane. Measurement dipole is on three different orientations: blue = V polarized, green = H polarized (tip) pointing to 90( and red = H polarized (tip) pointing to 0(.

The vertically polarized curve of Figure 10 is received with dipole orientated like in Figure 9a). Transmitting antenna is dual polarized OTA antenna. BS antenna was assumed vertically polarized in the SCM model. Thus in theory the only effect to the measured power ratio is due to XPR (XPD) of the SCM channel model and dipole field pattern in H orientations b) and c). In practice the OTA antennas and other dipole characteristics affect too. 

The received power on different dipole orientations of six clusters is taken from peaks of PDPs on Figure 10. The six clusters (peaks in PDP) are on horizontal axis of Figure 11. In this figure the first bar (blue) denotes the original XPR taken from SCM channel model, the second bar (green) denotes ratio of powers received by dipole orientations of Figure 9a) and b), and the third bar (red) denotes ratio of powers received by dipole orientations of Figure 9a) and c).

In V orientation the dipole is practically omni-directional in horizontal plane. In H orientation this is not the case. Thus PDPs denoted by the green and red curves on Figure 10 are heavily affected by azimuth angle of arrival (AoA) of the signal. The dipole has about 35 dB gain variation depending on the AoA. The power ratios of Figure 11 have to be interpreted with the information of AoA. We haven’t approximated the effect of AoA and dipole field pattern to XPR results on Figure 11. For the purpose of rough evaluation the AoA information is given in Figure 12. For example cluster number six has AoA 270(. In this case the dipole orientation H 90( (red) is perfect for XPR estimation of cluster 6. In dipole orientation H 0( (green) the tip of dipole is pointing to cluster 6 and the received power is not comparable to V polarized orientation. On the other hand AoA’s clusters 2 and 3 constitute approximately 45( angle with both H dipole orientations. In these cases the estimation of XPR is not possible without considering field patterns.

From Figure 11 we can observe that the measured XPR follows the trend of original XPR at least in the cases where comparison is possible due to AoA. The red or the green bar follows the trend of original XPR in blue bar.
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Figure 10. Measured Urban macro PDPs on three dipole orientations. blue = V polarized, green = H polarized pointing to 90( and red = H polarized pointing to 0(.
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Figure 11. Comparison of original SCM Urban macro XPR and measured XPR.
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Figure 12. Angles of arrival of cluster in SCM urban macro TDL model [12].

Above we described the XPR analysis and results on SCM Urban macro TDL model. The analysis is equivalent in the case of SCM Urban micro TDL model in Figure 13 to Figure 15. Again we can observe from Figure 14 that the measured XPR follows the trend of original XPR at least in the cases where comparison is possible due to AoA. The red or the green bar follows the trend of original XPR in blue bar.
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Figure 13. Measured Urban micro  PDPs on three dipole orientations. blue = V polarized, green = H polarized pointing to 90( and red = H polarized pointing to 0(.
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Figure 14. Comparison of original SCM Urban micro XPR and measured XPR.
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Figure 15. Angles of arrival of cluster in SCM Urban micro TDL model [12].

Conclusions

In this paper our purpose was to demonstrate that it is possible to create the characteristics of radio channel models inside the anechoic chamber.

The measured PDP overlaps closely to the original PDP. Also the measured XPRs follow the target XPRs of the SCM model. In some cases it was difficult to estimate XPR with only two horizontal orientations of the dipole antenna. A series of measurements with rotated dipole orientation would have given more accurate XPR estimate for clusters with an arbitrary AoA. Anyhow this is not related to the MIMO OTA concept itself, but is a lesson learned for the next validation experiments.

Acknowledgements

Part of this work has been performed in the framework of the CELTIC project CP5-026 WINNER+. The authors would like to acknowledge the contributions of their colleagues to the project. The authors would also like to acknowledge Nokia for providing measurement facilities.

References

[1] Jan Welinder et. Al., Multipath Simulator – Over-the-air test equipment, TD(09) 704, COST2100, Braunscweig, Germany, February 2009.

[2] Werner Schroeder et. Al., Discussion of some options and aspects in Over-The-Air (OTA) testing of Multiple Input – Multiple Output (MIMO) User Equipment (UE), TD(09) 740, COST2100, Braunscweig, Germany, February 2009.

[3] Jun-ichi Takada, Handset MIMO Antenna Testing Using a RF-controlled Spatial Fading Emulator, TD(09) 742, Braunscweig, Germany, February 2009

[4] Joonas Krogerus, Discussion on some topical issues related to the spatial fading emulation based OTA test method for multi-antenna terminals, TD(09) 780, Braunscweig, Germany, February 2009.

[5] Jukka-Pekka Nuutinen et. al., Experimental Investigations of OTA System, TD(09) 753,  Braunscweig, Germany, February 2009

[6] Pekka Kyösti et. al.,  Proposal for standardized test procedure for OTA testing of multi-antenna terminals, TD(09) 766, Braunscweig, Germany, February 2009.

[7] Agilent Technologies, MIMO OTA test methodology proposal, R4-091361, 3GPP TSG RAN WG4 Meeting, 23rd – 27th March 2009, Seoul, Korea.

[8] Vodafone, Panasonic, Tokyo Institute of Technology, MIMO OTA testing using RF controlled Spatial Fading Emulator, R4-091390, 3GPP TSG RAN WG4 Meeting, 23rd – 27th March 2009, Seoul, Korea.

[9] Spirent Communications, Practical MIMO OTA Testing, R4-091362, 3GPP TSG RAN WG4 Meeting, 23rd – 27th March 2009, Seoul, Korea.

[10] Agilent Technologies, Review of MIMO OTA test Methodologies, R4-091359, 3GPP TSG RAN WG4 Meeting, 23rd – 27th March 2009, Seoul, Korea.

[11] 3GPP TR 25.996, "3rd Generation Partnership Project; technical specification group radio access networks; Spatial channel model for MIMO simulations (release 6)", V6.1.0.

[12] D. S. Baum, J. Hansen, G. Del Galdo, M. Milojevic, J. Salo, and P. Kyösti, “An interim channel model for beyond-3G systems: extending the 3GPP spatial channel model (SCM),” in Proceedings of the 61st IEEE Vehicular Technology Conference (VTC ’05), vol. 5, pp. 3132–3136, Stockholm, Sweden, May-June 2005.

[13] IST-WINNER II Deliverable 1.1.2 v.1.2, “WINNER II Channel Models”, IST-WINNER2, Tech. Rep., 2008 (http://projects.celtic-initiative.org/winner+/deliverables.html).

[14] Elektrobit, http://www.elektrobit.com/index.php?955
[15] Pekka. Kyösti et al., “OTA Testing for Multiantenna Terminals”, TD(08)670, Lille, France, October 2008.

[16] Satimo Datasheet, http://www.satimo.fr/eng/index.php?categoryid=146
[17] Pekka Kyösti et al., “Requirements for Channel Models for OTA Multi-antenna Terminal Testing”, COST 2100 TD(09)859, Valencia, Spain, May 2009.
[18] Pekka Kyösti et al., “Reconstruction and measurement of Spatial Channel Model for OTA”, COST 2100 TD(09)860, Valencia, Spain, May 2009.
UCA





Switch Box





EB Propsound CS





EB PROPSIM C8





LNA

















DL Signal from BS





UL Signal from UE





OTA Antennas





UCA





EB Propsound CS





EB PROPSIM C8





LNA

















DL Signal from BS





UL Signal from UE





OTA Antennas





-43 dBm around











-40 dB





OTA Free space loss





-3dB 





Antenna Gain 





-5 dB





Cable loss





-10 dB





Insertion Loss





30 dB





Gain (amplifier)





-15 dBm





Output of Channel emulator








[image: image23.png]


_1303573607.vsd
Z


X


Y


0°


-90°



_1303573953.unknown

_1303564141.vsd
Z


X


Y


0°



_1303564191.vsd
Z


X


Y


0°



