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1 Introduction

A new Study Item (Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals, [FS_HSPA_LTE_measRP_MIMO_multi-antenna]) was established in March 2009 [1]. During the 3GPP TSG-RAN4 meeting #50-BIS in Seoul, a skeleton report for MIMO OTA study item [2] was agreed. The skeleton covers Introduction, Performance metrics, Methodologies based on anechoic RF chamber, Methodologies based on reverberation chamber, and Recommendations. Several candidate methodologies have been approved to be included in TR. 

This contribution discusses scalability of one proposed methodology [3] in terms of number of antennas and channel models.
2 Discussion
The first proposed MIMO OTA methodology was agreed in Los Angeles [3].
MIMO OTA anechoic chamber and fading emulator based system. Test system consists of a radio channel emulator, OTA chamber and 8 OTA Antennas. 
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Figure 1. MIMO OTA Anechoic Chamber based Methdology.

This setup proposes that the number of antennas is 8. The number of antennas is scalable. In theory, there is no upper limit and the lower limit is one. The number of channels depends on three main aspects: channel model, DUT size, and polarization. The key question is how accurately the channel model is emulated. The size of the quiet zone was discussed in Jeju, Korea, in November 2009 [4]. Based on the quiet zone discussion, it was proposed to use 8 antennas in the case of single polarization and 16 antennas in the case of dual polarization. However, for single cluster case, less antennas may be enough. On the other hand, if elevation is needed, the antenna number will be higher.
Other aspect is the channel model. Most of the geometry-based stochastic channel models (GSCMs) are two-dimensional, i.e. azimuth plane only, but the proposed MIMO OTA concept is not limited into azimuth plane. It can also be extended to elevation plane, when we talk about 3D MIMO OTA. However, the 3D MIMO OTA is rather complex and it does not provide very much additional information about the DUT. Therefore, 3D MIMO OTA can be considered as one future development, but it is not the recommended solution in the beginning of MIMO OTA testing.
Downscaling of the proposed method is more attractive due to the possibility to save the cost of the test system. Full SCME requires at least 8 probe antennas, but single cluster SCME can be implemented with lower number of antennas. The difference between full SCME and Single Cluster model is depicted in Figure 2. Basically the only difference is that the mean Angle-of-Arrival (AoA) of each cluster is turned to the same direction. Obviously, one AoA requires lower number of antennas than multiple AoAs especially when angular spread is narrow, e.g., 35 degrees. The number of fading channels is the same as the number of antennas. Therefore, single cluster SCME would require less fading channels as well.

One scalability aspect is polarization. Test system with dual polarized antennas provides more realistic results, but needs more complex test system.
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	a) Full SCME
	b) Single Cluster


Figure 2. Full SCME vs. Single Cluster model.
3 Comparison of Two Main Alternative Complexity Levels
Table 1 compares the original spatial fading emulator and the simplified systems. These two complexity levels are just examples. Other variants are also possible.

Table 1. Comparison table of MIMO OTA testing systems.

	
	Single cluster methodology
	Spatial fading emulator

	Source
	EB
	EB

	Group
	Simplified
	Advanced

	Active / passive
	Active
	Active

	Chamber
	Anechoic
	Anechoic

	Major components
	Channel emulator,

 probe antennas
	Channel emulators, probe antennas

	Frequency range
	Support bands I-XVI
	Support bands I-XVI

	Bandwidth
	> 100 MHz
	> 100 MHz

	Total path loss

(Preamplifier)
	> 50 dB

(Required)
	> 50 dB (Required)

	Number of probe antennas
	4 – 8
	8 – 16

	2D/3D
	2D
	2D

	Power angular spectrum
	Single cluster
	Arbitrary

	Power delay profile
	Arbitrary
	Arbitrary

	Variable XPR
	Supported
	Supported

	Variable angular spread
	Supported
	Supported

	Variable delay spread
	Supported
	Supported

	Variable Doppler shift
	Supported
	Supported

	Supported channel models
	Single cluster
	SCME, Single cluster, uniform, arbitrary

	Variable BS antennas and channel*
	Supported
	Supported

	Supported multi-antenna technologies
	Diversity, spatial multiplexing
	Diversity, Spatial Multiplexing, Beam Forming

	Calibration
	Joint amplifier, channel emulator, antennas and chamber calibration by a VNA**
	Joint amplifier, channel emulator, antennas and chamber calibration by a VNA**

	Cost
	Intermediate
	High


* Variable BS antenna polarization and correlation (e.g. by adjusting antenna separation, field patterns, and angle spread etc.)

** VNA is an abbreviation of Vector Network Analyzer.
4 Conclusion
This paper introduced the scalability of the proposed MIMO OTA methodology in terms of number of antennas and channel models.
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