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1. Introduction
The implementation of LTE (Long Term Evolution) systems requires methods to test the multi-antenna functionality of wireless devices [1]. Reverberation chamber measurements of properties like diversity gain and MIMO capacity have already been presented in [2,3]. This contribution presents over-the-air (OTA) throughput measurements on LTE devices with focus on the following:
· Differentiate between good and bad devices.

· Measure and analyze specific antenna parameters, such as correlation and gain imbalance.

2. Test Procedure
All testing was performed as throughput measurements in a Bluetest reverberation chamber (RC). The reverberation chamber is equipped with different kinds of mode stirring techniques to create a statistically isotropic distribution of incoming waves. Figure 1 illustrates the two different measurement setups that were used, where the first was used for measurements on devices with internal antennas and the second for devices with external antennas. The external antenna setup makes it possible to test a wide range of antenna designs on a single LTE device.
[image: image1.png]Mode stirrer

Reverberation chamber

put

8]

Fixed antennas

MIMO fink
o=Tl=

Base Station

Mode stirrer

DUT antennas

) Fixed aptennas
Reverberation chamber

MIMO fink
o=l

Base Station

Shielded box




Figure 1   Measurement setup in reverberation chamber for devices with internal antennas (left) and devices with external antennas (right).

The MAC layer throughput measurements were performed by sending data frames with a Fixed Reference Channel (FRC) from the base station simulator to the device under test (DUT). The average throughput as a function of average available power was computed based on the ACK/NACK response from the DUT. Each base station power level was measured during a continuous mode stirring sequence corresponding to 50 000 sub frames. Table 1 lists the most important measurement parameters.
	Operating mode
	Open loop MIMO

	Band

	7

	DL Channel
	2850

	DL Frequency
	2630 MHz

	Connection Type
	FRC


Table 1   Common parameters for MAC layer throughput measurements.
2.1 Device comparison
Two different data cards were tested under the same conditions with the same host laptop inside the chamber. Both devices, denoted DUT A and DUT B respectively, are commercially available LTE USB data cards.  
2.2 Correlation 
DUT A was also tested with two external MIMO-antennas with different correlation. These antennas were designed by Sony Ericsson and have been used in previously presented measurements [4]. The low correlation antenna (DUT C) was based on two miniature ceramic antennas, while the high correlation antenna (DUT D) was a dual-feed PIFA. Both configurations where mounted on a mobile phone sized PCB and enclosed in cell phone shells. Correlation and antenna efficiency for the two different MIMO-antennas can be found in Table 2.  Note that the antennas were originally designed for WLAN/BT use (2.45 GHz) which resulted in relatively poor efficiency at the measured downlink frequency.
	
	Power Corr
	Ant.Eff 1
	Ant.Eff 2

	DUT C
	0.2
	-4.9 dB
	-5.7 dB

	DUT D
	0.6
	-3.2 dB
	-4.6 dB


Table 2   Characteristics of external antennas.
2.3 Gain imbalance
This test was created by adding attenuators to one of the branches of the external antenna. Different amount of gain imbalance was used to show its impact on throughput performance.
3. Results
Figure 2 presents results from the two different commercially available LTE data cards, tested under the same conditions with the same laptop. Results clearly show a performance difference of 3dB between the devices and the results are similar regardless of data rate. DUT B could not be measured over the whole range of power levels due to instability (disconnections). This was also the reason for lack of data for higher data rates, where only DUT A could maintain a stable connection. 
Results from the correlation comparison are presented in Figure 3. One data card (DUT A) was connected to the two different MIMO-antenna configurations (DUT C and D). As can be seen in the figure, measurements were performed twice to ensure that possible differences were not caused by measurement uncertainty. The low correlation configuration, which has 1.5dB lower antenna efficiency, outperforms the other configuration by 3 dB. This highlights the importance of low correlation antenna designs in MIMO devices. The results also indicate that it would be possible to detect performance differences due to small changes in correlation (0.05-0.1).
The impact of gain imbalance is presented in Figure 4 with different amount of attenuation on one of the antenna branches for DUT C. All tested values can easily be detected by measuring the throughput performance.
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Figure 2   MAC layer throughput in MIMO-mode for two commercially available LTE data cards. The reverberation chamber was tuned in to a delay spread of 90 ns and the downlink bandwidths were 10MHz. 
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Figure 3   MAC layer throughput in MIMO-mode for two different external antennas on the same LTE data card. DUT C and D had a power correlation of 0.2 and 0.6 respectively. Bandwidth 10 MHz, 64QAM, 47RB, TBSI20 and RMS delay spread 90 ns.
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Figure 4   MAC layer throughput in MIMO-mode for different cases of gain imbalance on DUT C (low correlation antenna). Bandwidth 10 MHz, 64QAM, 47RB, TBSI20 and RMS delay spread 90 ns. 
4. Conclusions
Reverberation chamber measurements of LTE throughput have been presented for several devices. Measurements show the ability to differentiate between good and bad devices with good repeatability. It was also shown that individual antenna parameters, such as correlation and gain imbalance, can be analyzed with throughput measurements.
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