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1. Introduction
CTIA MOSG has developed sets of MIMO reference antennas with known performance for different LTE bands [1]. The purpose of these antennas is to evaluate the capability of different test methodologies to assess the performance of LTE MIMO enabled devices. The antennas are to be used with LTE handsets.
This contribution presents preliminary results from throughput measurements of the MOSG reference antennas for LTE band 7. For this band two different antennas have been provided (“Good” and “Nominal”). The handset used for the measurements is the Samsung Galaxy S2 LTE, which is a commercial available unit.

The contribution also highlights some important observations during the measurements that should be considered in the future work.
2. Measurement Setup and Procedure
For the measurements presented in this contribution a Bluetest reverberation chamber was utilized. A schematic picture of the setup can be studied in Figure 1. The eNodeB is connected directly to the reverberation chamber, which was tuned to an RMS delay spread of 90 ns. The reported throughput is the average over 100 samples of the MAC layer throughput for each power level. The stirrers and the DUT were moved in a continuous matter. For every sample, 600 subframes were sent, giving a total of 60 000 subframes for a complete measurement sequence.
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Figure 1   A schematic picture of the setup for the measurements in this contribution. The base station is connected directly to the reverberation chamber, which is tuned to an RMS delay spread of 90 ns.

eNodeB Settings

The eNodeB used for the measurements in this contribution is the R&S CMW500. The settings used are summarized in Table 1 below.

Table 1   eNodeB settings used for the measurements in this contribution.

	Parameter
	Value

	Downlink Frequency
	2655 MHz (Band 7)

	Downlink Bandwidth
	10 MHz

	Duplex Mode
	FDD

	Downlink Modulation
	16QAM

	Downlink TBS Index
	13

	Downlink MIMO Transmission Mode
	TM3 (Open Loop Spatial Multiplexing)

	Number of MIMO Transmit Antennas
	2

	Number of Downlink RBs
	50

	Downlink RBStart
	0

	Uplink Bandwidth
	10 MHz

	Uplink Modulation
	QPSK

	Uplink TBS Index
	6

	Number of Uplink RBs
	50

	Uplink RBStart
	0

	PDSCH Power Offset Relative to RS EPRE
	ρA= -3 dB
ρB= -3 dB

	HARQ Transmissions
	1 (No HARQ)

	AWGN
	Off


Device Positioning and Configuration

The MOSG reference antennas are equipped with a metal box where the handset is to be placed. The reference antennas are connected to the handset receiver with separate antenna cables. Figure 2 shows pictures of one of the reference antennas and also how the antenna cables were connected to the handset. The antenna cable connectors were fixed with tape in order to ensure a good connection to the handset receiver.

For the measurements in this contribution, the handset used was the Samsung Galaxy S2 LTE. In order to ensure comparable results, the power saving mode and other wireless standards were turned off. The exact configuration can be studied in Table 2.

Table 2   The handset configuration used for the measurements.

	WiFi
	OFF

	Bluetooth
	OFF

	Power Saving
	OFF

	Display
	OFF
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Figure 2   Pictures of one of the MOSG reference antennas for band 7 (left) and the cable connection inside the metal box (right).

3. Results
Figure 3 shows results from measurements of the MAC layer throughput for the MOSG reference antennas for LTE band 7 (DL frequency 2655 MHz), using the Samsung Galaxy S2 LTE handset. As can been observed in the figure, when using the “Good” reference antenna the measured throughput is 2 – 3 dB better than the throughput measured when using the “Nominal” reference antenna. Two consecutive measurements have been performed for each antenna, where the antenna cables have been re-connected, in order to separate true performance difference from measurement uncertainty.
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Figure 3   The measured MAC layer throughput when using the “Good” and “Nominal” MOSG MIMO reference antennas. Results from two consecutive measurements are shown for both antennas, where the antenna cables have been re-connected to the handset receiver.

As mentioned above, tape was used to fix the antenna cable connectors to the handset receiver connectors. It was observed during the measurements that without the tape, the connection to the handset receiver was unstable and the throughput result varied several dB between measurements. When fixing the cables with tape the results were repeatable, however, further analysis is needed to fully confirm this.

Another observation during the measurements was that the handset became very warm inside the metal box. The effect of this on the throughput performance is unknown, however, the measurements presented here were performed when the handset had been used for at least 30 minutes and was assumed to have reached constant temperature.
4. Conclusions
In this contribution preliminary results from measurements of the CTIA MOSG reference antennas for band 7 have been presented. It was observed that the “Good” reference antenna had 2 – 3 dB better throughput performance than the “Nominal” reference antenna. The repeatability was also observed to be good, even though issues concerning the stability of the connection between the reference antennas and the handset receiver were observed. These instabilities will be further investigated and, in particular, should be considered when selecting reference handsets and antenna cables.

In future contributions further results will be provided for these reference antennas and also for reference antennas for other bands. Also conducted results will be provided, as well as results from measurements using other channel models.
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