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1. Introduction
In this contribution Agilent/SATIMO LTE MIMO OTA Round Robin test results are reported.  For this test campaign we perform the two-stage method on seven Round Robin DUTs involving 3D antenna pattern measurement and throughput measurements. Single cluster Umi, multi cluster Umi and multi-cluster Uma channel models were used for DUT performance comparison. 3D antenna pattern, antenna pattern linearity and average throughput VS power curves are provided.
2. Measurement Setup and Procedure
Devices and Host Computers
The tests performed are based on Annex B of the TR 37.976 [1]. Among the RR campaign DUTs,
seven support non-intrusive antenna pattern measurements, which are listed in table 1. 

Table 1 DUTs used for two-stage Round Robin test

	Pool 1
	Model Name
	Operating Band
	Host PC

	DUT1
	Huawei E398
	Band 7 DL 2655 MHz, UL 2535 MHz
	Laptop DELL E6400

	DUT3
	Huawei E398
	Band 7 DL 2655 MHz, UL 2535 MHz
	Laptop DELL E6400

	Pool 2
	
	
	

	DUT1
	Huawei E398
	Band 7 DL 2655 MHz, UL 2535 MHz
	Laptop DELL D430

	DUT2
	ZTE AL621
	Band 7 DL 2655 MHz, UL 2535 MHz
	Laptop DELL D430

	Pool 3
	

	DUT1
	Huawei E398
	Band 7 DL 2655 MHz, UL 2535 MHz
	Laptop DELL D420

	DUT2
	ZTE AL621
	Band 7 DL 2655 MHz, UL 2535 MHz
	Laptop DELLE6400

	Pool 4
	
	
	

	DUT1
	Pantech
	Band 13 DL 751 MHz, UL 782 MHz
	Laptop ASUS from Nokia


eNodeB Emulator Configuration  

In this experiment the E6621A PXT from Agilent was used as the eNodeB emulator. The settings of the eNodeB were as given in the test plan [1]. The main parameters are listed in table 2.
Table 2 Parameter settings for eNodeB emulator
	Parameters
	Unit
	Value

	DL MIMO mode
	
	2*2 open loop spatial multiplexing

	Duplex mode
	
	FDD

	Operating band (DL channel & UL channel)
	
	As in table 1

	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

	PBCH_RA
	dB
	-3

	PBCH_RB
	dB
	-3

	Number of HARQ transmission
	
	No re-transmission

	Test period 
	s
	25


Channel Models and Channel Emulator
The used channel models were SCME single cluster Umi, multiple cluster Umi and Uma from [1].  In order to isolate the DUTs performance from the eNB correlation property, the eNB was configured for ideal Omni-directional antenna with no correlation.
In the experiments we used Agilent instruments to emulate the wireless propagation channel. The N5106A PXB is the baseband MIMO channel emulator which supports the two-stage MIMO OTA test method. The N9020A MXA spectrum analyzers work as down-converters and MXG signal generators work as up-converters. The MXA-PXB-MXG combination provides the RF-RF channel emulator incorporating the effect of the device antennas.
Measurement Setup and Procedure for the Two-stage Method
1) Non-intrusive (active) antenna pattern measurement setup

All seven devices support non-intrusive antenna pattern measurement. The 3D antenna pattern was measured in a SATIMO anechoic chamber. The antenna pattern measurement set up diagram is shown in Fig.1. There is control software running on the laptop, which controls the device to log the power and phase information during the connection. Before the antenna pattern measurement is carried out, the path loss between the probe antenna and DUT was calibrated out to obtain the absolute power incident at the DUT.
Agilent and SATIMO jointly defined a 3D antenna pattern measurement process. By using this process, the probe position and table rotation information can be correlated with the power and phase measurements in the UE log file. Agilent also develop a Matlab parser, which can extract the 3D antenna pattern data, and perform path loss, probe and RSSI linearity calibration automatically from the logged file. When a resolution of 10 degrees in elevation and azimuth angle, one 3D pattern measurement with two polarization directions can be completed in 10 minutes.   

Fig.1 Active antenna pattern measurement diagram

When doing the antenna pattern measurement, the laptop’s position and status follows the CTIA OTA test plan 3.1 Annex L-4 [2]. Fig.2~ Fig.4 show the DUTs placement connected with host PC during antenna pattern measurement.
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Fig.2 Pool 1 DUTs on Laptop DELL E6400
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Fig.3 Pool 2 DUT1 on Laptop DELL D430
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Fig.4 Pool 2 DUT2 on Laptop DELL D430
2) Antenna pattern power linearity calibration 

Because the UE power measurement may not be completely linear, a further linearity calibration was performed using a calibrated signal in conducted mode. Using this correction, the antenna pattern was calibrated according to the measured power linearity curves.
3) Conducted LTE MIMO OTA throughput test setup using the two-stage method

After the device antenna patterns were measured and calibrated, the antenna pattern was loaded into the channel emulator and the throughput test carried out following two-stage method. The test configuration is shown in Fig.5. 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. The detailed test procedure is referred to in Agilent proposal [3].
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Fig.5 LTE MIMO two-stage throughput test configuration

3. Measurement Results
This section gives the measurements results for this Round Robin test, including power linearity, 3D antenna pattern, throughput and ranking. Some UE power measurement repeatability experiments results are also shown.  
UE Power Measurement Linearity Calibration Measurement Results
Power measurement linearity tests were performed for each DUT. There were seven DUTs measured, four devices were Huawei E398, two were ZTE AL621, and one was Pantech. 

In the experiment the incident radiated signal power at the DUT antenna was varied from -60 dBm to -90 dBm in steps of 2dB. The UE measured power was recorded and the result at -60 dBm signal power was chosen as the reference to calculate the linearity at different power levels. 
The results are categorized into three groups according to company and shown in Fig.6~Fig.8. These figures demonstrate that the important UE power measurement linearity was generally very good and   over a 30 dB power range. It should be noted that the typical rise in relative power at low levels should not necessarily be considered as a measurement error and more likely is due to the device’s own noise floor affecting the measurements. In any case, the linearity error is calibrated out from the measured antenna pattern so as to discount the impact of noise. 
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Fig. 6a Huawei DUTs absolute power measurements 
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Fig. 6b Huawei DUTs power linearity referenced to -60 dBm
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Fig. 7a ZTE DUTs absolute power measurements 
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Fig. 7b ZTE DUTs power linearity referenced to -60 dBm
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Fig. 8a Pantech DUTs absolute power measurements 
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Fig. 8b Pantech DUT power linearity referenced to -60 dBm
3D Pattern Measurement Results

All seven DUTs’ 3D antenna patterns were measured. To save space only one DUT’s pattern is given as example. 
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Fig.9 (a) Pool1 DUT3 main antenna pattern on polarization V
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Fig.9 (b) Pool1 DUT3 main antenna pattern on polarization H
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Fig.9 (c) Pool1 DUT3 sub antenna pattern on polarization V
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Fig.9 (d) Pool1 DUT3 sub antenna pattern on polarization H

Throughput Measurement Results

Due to limited time, throughput tests on all cuts of the measured 3D pattern were not carried out. For comparison with other companies’ results, throughput tests were performed only on an elevation angle of 90 degrees, which is parallel to the ground. For each power level, 8 uniform distributed orientation points were tested, and the overall results was then average of these 8 points.  Fig.10~Fig.12 show the throughput measurement results under single-cluster Umi, multi-cluster Umi and multi-cluster Uma. According to these throughput curves, the DUTs can be ranked according to table 3.  These results show that: 
1) No matter which of the three channel models is used, Pool1 DUT1 is the best DUT.

2) No matter which of the three channel models is used, Pool2 DUT1, Pool2 DUT2 and Poo3 DUT1 show very similar performance.

3) Because the eNB antenna is set for un-correlated, the performance under multi-cluster Umi and multi-cluster Uma is similar. 

4) The performance curves under the single-cluster channel models show wider spread than that under multi-cluster channel models, which demonstrates that a narrower angular spread channel model makes the test more sensitive to DUT performance.

5) Pool1 DUT3’s ranking sequence shows significant change between the single-cluster model and multi-cluster models, which demonstrates that Pool1 DUT3 is more sensitive to channel power angular spread.

6) Pool4 DUT1’s ranking relative to Pool3 DUT2 changed when switching from single-cluster to multi-cluster, which also demonstrates Pool4 DUT1 is sensitive to channel power angular spread.
Table 3 DUTs performance ranking table

	Channel Model
	Ranking

	
	High
	Medium
	Low

	SC Umi
	Pool1 DUT1
	Pool2 DUT1, Pool2 DUT2, Pool3 DUT1, Pool1 DUT3,
	Pool3 DUT2, Pool4 DUT 1

	MC Umi
	Pool1 DUT1, Poo1 DUT3
	Pool2 DUT1, Pool2 DUT2, Pool3 DUT1
	Pool4 DUT1, Pool3 DUT2 

	MC Uma
	Pool1 DUT1, Poo1 DUT3
	Pool2 DUT1, Pool2 DUT2, Pool3 DUT1
	Pool4 DUT1, Pool3 DUT2


[image: image15.png]—4—Pool1DeV1
~=—PoollDev3
—=—Pool2Devl
~—+—Pool2Dev2

-115-113-111-109-107-105-103-101 -99 -97 -85 -93 -91 -89 -87 -85 -83

-81

Pool3Dev1
—8—Pool3Dev2
—#—Pool4Devl





Fig.10 Throughput performance under single-cluster Umi channel model
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Fig.11 Throughput performance under multi-cluster Umi channel model
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Fig.12 Throughput performance under multi-cluster Uma channel model

RSRP Measurement Linearity and TIS measurements 
In addition to the linearity measurements performed using the UE power measurement function for antenna pattern measurement, further linearity measurements were made using the UE reported RSRP. TIS was also measured based on the received signal strength (RSS) as per CTIA OTA test plan rev 3.1 section 6.16. The tested DUTs were one Huawei E398 (Pool 1 DUT1), one Pantech UML290 (Pool4 DUT1), and one ZTE AL 261 (Pool3 DUT2). The goal was to observe the linearity in the RSRP reported back to the eNodeB emulator by the DUT for two separate measurements. The TX power was set to -10dBm which gave a reported range from -70 dBm to -90 dBm. Note that the reported RSSI is quantized in 1 dB steps as per the 3GPP specifications. 

RSRP linearization comparison
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Fig.13a Huawei E398 absolute RSRP 
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Fig.13b Huawei E398 RSRP accuracy
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Fig.14a Pantech UML290 absolute RSRP 
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Fig.14b Pantech UML290 RSRP accuracy
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Fig.15a ZTE AL261 absolute RSRP 
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Fig.15a ZTE AL261 RSRP accuracy

RSRP 2D Plots comparison

Each pair of Fig. 16-21 is two measurements of the same device’s RSRP. These figures show RSRP measurement repeatability in 2D.
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Fig.16 Huawei RSRP 2D Plots Comparison – H component 
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Fig.17 Huawei RSRP 2D Plots Comparison – V component 
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Fig.18 Pantech RSRP 2D Plots Comparison – H component 
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Fig.19 Pantech RSRP 2D Plots Comparison – V component 
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Fig.20 ZTE RSRP 2D Plots Comparison – H component 
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Fig.21 ZTE RSRP 2D Plots Comparison – V component 

It can be calculated from the results that for all the three DUTs the reported RSSI absolute accuracy and linearity for this simplified unfaded environment is well within the 3GPP limits.

TIS SISO comparison
Using the procedure described in 6.16 of [2] the TIS was calculated from the reported RSRP data. This table demonstrates that the two measurements of TIS have good repeatability, and DUTs from different devices have significant differences in TIS.  Since the RSRP method of calculating TIS relies on as SISO RSRP measurement it would not be expected that these results would directly correspond to the more sensitive measurement of throughput in MIMO conditions. 
	
	Pool 1 DUT 1 Huawei E398
	Pool 4 DUT 1

Pantech UML290
	Pool 2 DUT 3

ZTE AL261

	1st Measurement [dBm]
	-90.6
	-86
	-97

	2ndMeasurement [dBm]
	-90.4
	-85.7
	-97

	Delta [dB]
	-0.2
	-0.3
	0


4. Conclusion 
This contribution gives our MIMO OTA test results for two-stage. These results show that the two-stage method is able to differentiate DUT performance. UE power measurement linearity and repeatability experiments show that reliable antenna pattern measurements can be made. The throughput curves demonstrate that single-cluster channel model is more sensitive to distinguish DUTs performance. 
. 
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