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1. Introduction
This contribution presents result for LTE MIMO OTA test using both two-stage method and multiple probe antenna based method. It was not possible to get the pool1 and pool2 devices for the round robin test due to problems with Chinese customs clearance. However, three alternative LTE USB dongles from three different companies were used instead and provided valuable information on understanding the characteristics of the different test methods. All three dongles supported active antenna pattern measurement. The measurements have been performed in CATR’s anechoic chamber. The performance metric is throughput. Channel capacity simulations are also performed based on the measured antenna pattern to cross check with the throughput test results for the two different methods.
2. Measurement Setup and Procedure
2.1 Devices and Host Computers
The following dongles and host computer were used as DUTs.

· DUT 1: work @ LTE band 7, ch 3100 DL (2655 MHz) & ch 21100 UL (2535 MHz)
· DUT 2: work @ LTE band 7, ch 3100 DL (2655 MHz) & ch 21100 UL (2535 MHz)
· DUT 3: work @ LTE band 13, ch 5230 DL (751 MHz) & ch 23230 UL (782 MHz)
· Host computer: HP EliteBook 8440p
All the DUTs were connected to the middle USB port on the left side of the laptop (seen from the front), and is placed in the same plane as the laptop keyboard. Furthermore, the laptops were configured as described in [1] and the lid is open with 110 degree angle with reference to the laptop keyboard.  In order to investigate laptop position’s influence on DUT performance, two different laptop positions are evaluated as shown in Fig.1 and Fig.2: 
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Fig.1 Position H: Laptop is put in horizontal direction

[image: image2.jpg]



Fig. 2 Position V: Laptop is put in vertical direction

2.2 eNB Emulator Configuration  
In this experiment the PXT from Agilent is used as the eNB emulator. The settings of the eNB were as given in the test plan [1]. The main parameters are listed in Table 1.
Table 1 Parameter setting for eNodeB emulator
	Parameters
	Unit
	Value

	DL MIMO mode
	
	2*2 open loop spatial multiplexing

	Duplex mode
	
	FDD

	Operating band (DL channel & UL channel)
	
	Band 7 for DUT 1 & DUT 2
Band 13 for DUT 13

	Schedule type
	
	Reference Measurement Channel

	Reference channel
	
	R.11

	DL bandwidth
	MHz
	10

	DL RB number
	
	50

	DL Modulation 
	
	16QAM

	DL MCS
	
	14

	Transmit power control
	dBm
	open loop, <-30

	PBCH_RA
	dB
	-3

	PBCH_RB
	dB
	-3

	Number of HARQ transmission
	
	No re-transmission

	Test period 
	s
	15


2.3 Channel models

The used channel models are SCME single cluster Umi from [1] and single cluster Uma, which is modified from Uma in [1] by setting all AoAs to zero.  In order to isolate the DUTs performance from the eNB correlation property, the eNB is configured as ideal Omni-directional antenna with no correlation.
2.4 Measurement Setup and Procedure for Two-stage Method
1) Active (non-intrusive) antenna pattern measurement setup

All three devices supported active antenna pattern measurement, and the antenna pattern was measured in the anechoic chamber. The test setup is as shown in Fig.3. In the test, the USB dongle is plugged into the laptop, and the laptop is fastened on a pillar as shown in Fig.1, which can be controlled to rotate in the elevation plane automatically. The laptop is configured as recommended in [1] for the HSPA round robin test to reflect the laptop’s influence on the antenna pattern measurement results. The Amplifier unit between the PXT and probe is to guarantee the power level reaching the DUT is high enough for stable antenna pattern measurement.

There is control software running on the laptop, which controls the device to log the antenna pattern data once started. The probe antenna is configured to transmit a signal only in one polarization direction (H or V) at one time slot. When an LTE call connection is setup between PXT and the DUT, the PC is controlled to rotate for one full circle, and at the same time the antenna pattern in one polarization direction is recorded by the DUT. Then the probe antenna is switched to another polarization direction, and the antenna pattern in another direction is recorded in same way.

Fig.3 Active antenna pattern measurement diagram
2) Conducted LTE MIMO OTA throughput test setup using two-stage method

After the device antenna patterns were measured, the antenna pattern was loaded into the channel emulator and then the throughput test was done following the two-stage method. The test configuration is as shown in Fig.4 and the actual test setup in the lab with one connected DUT is shown in Fig.5.

The Agilent N5106A PXB is the baseband MIMO channel emulator which supports the two-stage MIMO OTA test method. The measured antenna pattern is loaded into the PXB and the antenna effect can be emulated together with all kinds of channel models. The Agilent N9020A MXA spectrum analyzers work as down-converters and the Agilent E4438C ESG signal generators work as up-converters. The MXA-PXB-ESG combination provides the RF-RF channel emulator incorporating the effect of the device antennas.

[image: image3.emf]
Fig.4 LTE MIMO two-stage throughput test configuration
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Fig.5 LTE MIMO OTA throughput test setup in the lab.

The test setup is very similar to a typical cable conducted test for throughput with fading. The difference is that in the MIMO OTA test, the measured antenna pattern has been loaded into the channel emulator. With this approach, the antenna impact on the end-to-end performance is evaluated.

3) The throughput test procedure for the two-stage method is as follows:

Step 1: Measure the complex antenna pattern of the device MIMO antenna array actively and perform calibration to make the measured antenna gain to be absolute instead of relative numbers. 
Step 2: Connect the equipment as shown in Fig. 4. 

Step 3: Load the device antenna patterns into the channel emulator and configure the desired MIMO channel model. Select the reference device antenna orientation angle which is used for the power calibration of the RF signal generator power setting. Usually zero degrees in the Azimuth plane is chosen as the reference orientation.

Step 4: Configure the base station emulator according to table 1. Establish a connection between the eNB emulator and the DUT.

Step 5: At each orientation angle adjust the RF signal generator’s output power in steps of 2 dB to measure a full throughput curve from 100% to 0%.
Step 6: Control the channel emulator to emulate the device antenna rotation in steps of 45 degrees. Measure the corresponding throughput curve as in Step 5 for each antenna orientation. Continue this for eight steps to cover 360 degrees in the horizontal plane.

For each power level, average the measured throughput for each antenna orientation to get a throughput for the given power level.
2.5 Measurement Setup and Procedure for Multi-probe Method
Fig.6 Multi-probe throughput test platform diagram

1) Throughput test set up for multi-probe method

For the multi-probe method, we use Agilent instruments to setup a dual-polarization single-cluster wireless propagation environment in the CATR anechoic chamber as shown in Fig.6. Fig.7 shows the instrument setup during the experiment.  The single cluster channel model is produced by three probes antennas, and each one has vertical and horizontal polarization. The MXA-PXB-ESG constitutes an RF-RF fader system as described earlier. The PXB baseband channel emulator is configured for 2 x 6 MIMO channel mode, the amplifier after the ESG is to improve the transmitted signal power, and each faded signal branch is connected to one polarization of the probe antennas.  The uplink signal is fed back to the PXT by an additional communication antenna in the chamber.  
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Fig.7 (a) Multi-probe antennas in TMC chamber
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Fig.7 (b) Instruments for Multi-probe method outside of the chamber
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Fig. 7 (c) Six amplifiers after the ESG to increase the transmitter power 

2) Throughput test procedure for the multi-probe method is as follows:

Step 1: Establish the setup in Fig.6, and measure the reference power using a reference dipole antenna after the calibration described in [1].
Step 2: Set the MXA, PXB and ESG to produce single-cluster SCME Umi or Uma channel model.

Step 3: Configure the PXT following Table 1 and establish a connection between the eNB emulator and the DUT.

Step 4: At each orientation angle adjust the RF signal generator’s output power in 2 dB steps to measure a full throughput curve from 100% to 0%.
Step 5: Rotate the DUT in steps of 45 degrees. Measure the corresponding throughput curve as Step 4 for each antenna orientation. Continue this for eight steps to cover 360 degrees in the horizontal plane.

For each power level, average the measured throughput for each antenna orientation to get a throughput for the given power level.
3. Measurement Results
3.1 Conducted Measurement Results
The DUT’s MIMO OTA throughput is influenced by antenna performance, RF receiver performance and baseband performance. Different devices will have different RF and baseband performance. To fully understand the MIMO OTA test results and how these relate to the antenna design, a reference conducted throughput test is performed to test only the RF frontend and baseband performance. This test configuration is the same as the two-stage MIMO OTA throughput test. The channel models used are the same as those used for MIMO OTA test. The only difference is that for the reference test, the channel model is assumed to be totally uncorrelated and have balanced power and 100% gain efficiency, which is the same as the assumption to have uniform gain ideal MIMO antenna at the device side. Based on the RSSI measurement results from the device and the known RF power incident at the temporary antenna connector of the device, the RF frontend gain difference can be calibrated out so that the conducted throughput test results all have the same reference point at the input of the baseband of the device.
Fig.8 shows the conducted test results for the three DUTs after calibrating out the RF frontend performance differences. From Fig.8, it can be seen that these is no performance difference for Umi and Uma models, which is within the expectation in that the channel models are assumed to be totally uncorrelated for the test. 
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Fig.8 Conductive throughput test results with Umi and Uma channel models relative to the baseband input power 
3.2 Two-stage Measurement Results

First stage: pattern test results
All three DUTs support active antenna pattern measurement, and each device’s pattern is measured under two different positions, shown as in Fig.1 and Fig.2.  Figures 9 to 14 show examples of the measured patterns for laptop position H. 
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Fig.9 DUT1 pattern on vertical polarization in dB
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Fig.10 DUT1 pattern on horizontal polarization in dB
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Fig.11 DUT2 pattern on vertical polarization in dB
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Fig.12 DUT2 pattern on horizontal polarization in dB
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Fig.13 DUT3 pattern on vertical polarization in dB
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Fig.14 DUT3 pattern on horizontal polarization in dB
It is observed that the measured antenna pattern for the main antenna gain of DUT3 is significantly lower than the other devices; the main reason is that the external main antenna of that device is not extended to its best performance position.

Two-stage throughput and capacity simulation results

Fig. 15 to Fig 18 give the throughput test and capacity simulation results, and tables 2 and 3 give the average capacity comparison. Since a single cluster channel model is used, and the eNB antennas are assumed un-correlated, the capacity analysis and throughput curves demonstrate there is no performance difference between single cluster Umi and single cluster Uma channel models. The two-stage throughput test results show that DUT1 is better than DUT2 and DUT2 is better than DUT3. The capacity simulation results show the same rank sequence for these three DUTs. In Fig.15, DUT1 shows some different performance between two channel models, which is mainly caused by test uncertainness. This resulted from repeating tests on one device using the same configuration, which yielded around one dB of difference. 
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Fig. 15 Two-stage throughput performance comparison for laptop Position H
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Fig. 16 Two-stage capacity over one circle for laptop Position H 
(the Uma curves are hidden behind the Umi curves)
Table 2 Mean capacity comparison for two-stage method for laptop position H

	DUT 1, SCUmi
	DUT 1, SCUma
	DUT 2, SCUmi
	DUT 2, SCUma
	DUT 3, SCUmi
	DUT 3, SCUma

	11.65
	11.65
	10.51
	10.51
	7.10
	7.10
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Fig. 17 Two-stage throughput performance comparison for laptop Position V
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Fig. 18 Two-stage capacity over one circle for laptop Position V

Table 3 Mean capacity comparison for two-stage method when laptop position is V

	DUT 1, SCUmi
	DUT 1, SCUma
	DUT 2, SCUmi
	DUT 2, SCUma
	DUT 3, SCUmi
	DUT 3, SCUma

	13.03
	13.03
	9.94
	9.94
	6.44
	6.44


3.3 Multi-probe Throughput and Simulation Capacities Results

Fig. 19 to Fig 22 give the throughput test and capacity simulation results for the multi-probe method, and tables 4 and 5 give the average capacity comparison. Capacity analysis shows that DUT1 is better than DUT2, and DUT 2 is better than DUT 3, but the multi-probe throughput results for DUT1 and DUT2 do not show the same rank sequence.  For example the DUT2 throughput result under single cluster Umi is really hard to understand. There are many factors which might cause such throughput test results. We will investigate further on the inconsistency of the multiple probe throughput test results and the channel capacity simulation results in future work.
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Fig.19 Multi-probe throughput performance comparison for laptop Position H
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Fig.20 Capacity over one circle for multi-probe method when laptop position is H

Table 4 Mean capacity comparison for multi-probe method when laptop position is H

	DUT 1, SCUmi
	DUT 1, SCUma
	DUT 2, SCUmi
	DUT 2, SCUma
	DUT 3, SCUmi
	DUT 3, SCUma

	11.25
	11.25
	10.37
	10.37
	6.89
	6.89
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Fig. 21 Multi-probe throughput performance comparison for laptop Position V
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Fig. 22 Capacity over one circle for multi-probe method when laptop position is V

Table 5 Mean capacity comparison for multi-probe method when laptop position is V

	DUT 1, SCUmi
	DUT 1, SCUma
	DUT 2, SCUmi
	DUT 2, SCUma
	DUT 3, SCUmi
	DUT 3, SCUma

	12.43
	12.43
	8.24
	8.24
	6.21
	6.21


3.4 Comparison of Two-stage and Multi-probe Throughput Results
Fig.23 to Fig.28 show the reference, two-stage and multi-probe results for same device in one figure. These figures show that during the experiments the multi-probe results do not agree with two-stage results, and show some strange behaviour, for example, some of the multiple probe antenna throughput test results are even better than the reference throughput curve,  which cannot currently be explained. The SC Umi and SC Uma test results differ a lot, which does not align with the expectation as well.
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Fig.23 DUT 1 for position H
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Fig.24 DUT 1 for position V
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Fig.25 DUT2 for position H
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Fig.26 DUT2 for position V
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Fig.27 DUT3 for position H
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Fig.28 DUT3 for position V

4. Conclusion

In this contribution, we presented the MIMO OTA test results for the two-stage method and also for the multiple probe method. We also presented the capacity simulation results based on the measured antenna pattern for the channel model configurations of the two methods. The test results show that the two-stage method throughput test results rank the devices consistently as compared with the capacity simulation results. The test results also show that the multiple probe throughput test results do not rank the devices the same as the capacity simulation results. The two-stage method and the multiple probe method throughput test results are not currently comparable to each other, and further investigation on what might be the reason for such kind of inconsistency is required.
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