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1.
Introduction
Companies participating in the specification of MIMO OTA testing methodologies [7] have begun an Inter-Lab Inter-Technique testing activity [1] that consists of channel model verification, conducted measurements, and radiated measurements.  During the RAN4 #66bis meeting we presented a methodology for SIR control in [12].  In this contribution we provide measurements with the CTIA reference antennas.  Intel and Aalborg University are collaborating on the MIMO OTA topic.  Further information about the multi-probe anechoic MIMO OTA setup has been reported in [3-6].
2.
Discussion
2.1.
Measurement Setup
The system used for OTA testing is the same as the one used in [9], some specific details of the setup are highlighted here for convenience.  Figure 1 below illustrates the block diagram of the system.
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Figure 1: Block diagram of the system
The vertical polarization of the active probes is connected to one fader unit. The remaining ports, which correspond to the horizontal polarization, are connected to the second unit. A power amplifier stage and switching unit are added to the system to enhance the dynamic range of the system and allow calibration with a VNA.  In order to overcome the total path loss on the downlink of the system a two staged power amplifier (PA) units are installed after the channel emulator with a gain of 45 dB (15dB+15dB+45). On the uplink, a two stage PA is also installed with a gain of 45 dB in total (15dB+30dB). This uplink gain is necessary to match the uplink dynamic range in the BS emulator.  Calibration is further discussed in Section 2.5.
Figure 2 below illustrates the multi-probe anechoic ring setup and describes how each of the faders is connected to the probes in our ring, and also the directions of movement of our measurement antenna or DUT. For our LTE measurements, 8 probes dual polarized are used.
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Figure 2: Multi-probe anechoic chamber setup (left) and ring and measurement setup (right)
The uplink antenna for the LTE connection is placed at the bottom of the pedestal that holds the DUT which is enclosed with the CTIA reference antenna. An example of this setup and the DUT orientation according to the specifications in [1] is shown in Figure 3.2.2-1.
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Figure 3: DUT and uplink antenna positioning
Table 1 below summarizes the instrumentation settings used in the measurements.
Table 1: Instrumentation Settings

	Instrument:
	Channel Model Emulator (Fader)

	Manufacturer:
	Elektrobit

	Hardware Model:
	F8

	Software Firmware:
	EB Propsim 3.1.1

	Channel Bandwidth:
	40 MHz

	Ports in use for OTA Band 7 measurements
	Inputs: ports 1 and 2

Outputs: 8 ports of first fader connected to Vertical polarization, and 8 ports of second fader to Horizontal

	Instrument:
	Base Station Emulator

	Manufacturer:
	Rohde&Schwarz

	Model:
	CMW500

	Firmware:
	Base: 3.0.16

LTE: 3.0.50

	Ports in use for conducted and OTA Testing:
	Input: RF2 COM

Output1: RF1 OUT

Output2: RF3 OUT

	Instrument:
	Vector Network Analyzer

	Manufacturer:
	Agilent Technologies

	Model:
	8753ES

	Firmware:
	N/A


2.2.
eNodeB Emulator Settings
As updated in [1], only one MCS is to be tested under two different power sweep approaches. The MCS corresponds to the reference measurement channel R.35 as defined in [10] and is shown in Table 2, together with the transmission mode (TM), TBS index, and the initial RS EPRE.
Table 2: Selected MCS and initial RS EPRE

	Measured Band
	TM
	Reference channel
	MCS
	TBS
	RS EPRE
	AWGN

	XIII
	TM3
	R.35 FDD
	MCS20 (QAM 64)
	18
	-57 dBm/15 kHz
	-82 dBm/15 kHz

	VII
	TM3
	R.35 FDD
	MCS20 (QAM 64)
	18
	-57 dBm/15 kHz
	-82 dBm/15 kHz


The power configuration is defined as the initial measurement levels. Afterwards, as described in [1], the RS EPRE is kept constant while increasing the AWGN level until a BLER higher than 30% is reached for the SIR sweep.  However for many measurements it seems that the starting point for measurement was too optimistic, hence we take 0.5 dB steps for the whole sweep as well as a wider power range sweep in order to see the full behavior of the DUT at the given parameters.  The measurements for Band XIII were performed at a higher starting RS EPRE level, as the DUT proved to need more power than the one suggested in [1] to reach 100% throughput for the given RMC.  In [1], the number minimum number of subframes is suggested to be 20000, although for our SIR controlled measurements 40000 subframes have been used instead after analyzing a small subset of  SIR controlled measurements for 100000 subframes.
2.3.
Channel Models
The emulated channel conditions under which the measurements presented in this contribution have been taken are according to the requirements described in [1].  As described in Table 4.3 of [1] for the Anechoic Multi Probe technique, for our Band 7 measurements we have included the measurements for SCME UMa MC/A, SCME UMa MC/B and SCME UMi MC.  The channel validation for our Anechoic Chamber technique lab was presented in [9].
2.4.
CTIA DUTs and CTIA Reference Antennas
The test set received in our lab was MOSG-RD-07-05 and MOSG-RA-07-05 for Band 7 measurements; and MOSG-RD-13-02 and MOSG-RA-13-02 for Band 13 measurements.

2.5.
Calibration of the System
The system needs to be calibrated in two ways in order to achieve consistent results. A general scheme instrumentation used in for the calibration procedures may be observed in Figure 4.
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Figure 4: Calibration diagrams for (a) per-branch power and phase balance and (b) absolute power per channel measurement
First, the system needs to ensure the same power and phase reaches the test area through each of the OTA probes. This calibration is done on the vertical and horizontal polarizations independently by placing a sleeve dipole and a magnetic loop respectively in the center of the ring. Then the power level one active probe is calculated and varied on the channel emulator accordingly. The calibration is done only at the central frequency due to the degree of flexibility in the channel emulator.

After this calibration stage, the power difference between all probes (vertically and horizontally polarized) is bellow ± 0.5 dB in power and ±2 degrees in phase. This makes us consider there may be some unwanted small reflections on the setup which are for further study, especially on band 13 where the antenna probes are not too directive and the absorbers used in our chamber are less effective. However the effect of this power unbalance can be considered not significant for the LTE testing as it was shown in [9] that the channel characteristics are fulfilled within the test area.
Second, an absolute power calibration needs to be performed. That is, a target RS EPRE power level should be set at the test area. A methodology on this is not fully specified in [1]. 

As there is an specific gain per channel model. This calibration is done for each channel model defined in chapter 2.3.
Since during the absolute power calibration stage, the measured power will be an average over several time instances, a mismatch in position throughout the test area won’t affect the measurement results. In order to prove it, the average power has been measured for 4 different positions to see the effect of positioning. The setup was running an LTE connection with a DUT placed outside of the test area. The channel model reproduced was SCMe UMa B/MC channel model. The 4 positions are shown in Figure 5. The results are shown in Table 3 as normalized values with respect to the center position.
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Figure 5 – Measured positions for vertical polarization only under SCMe UMa B/MC
Table 3 – Measured Received power for vertical polarization only for different positions within the test area

	Position mismatch
	+5 (Up)
	-5 (Down)
	+5 (Left)
	-5 (Right)

	Measured Rx power
	-0,02
	+0,05
	+0,13
	-0,06


2.6.
Noise Injection Methodology

The CTIA IL/IT Test Plan [1] proposes two different methods of noise control. This contribution contains SIR control contribution as omnidirectional noise, independent from the transmitted signal. This AWGN unfaded noise is an independent process with the same power at each antenna probe.
In [11], the power level calibration and thus the validation of the SIR seen by the DUT were proposed to be measured at the antenna ports. This option may lead to different power calibration depending on the antenna used. In our measurements we have calibrated the field strength at our test zone to avoid including any antenna effects, thus making the measurements comparable regardless of which antenna was used.
For the UE Noise limited measurements, no noise is injected in any of the components of our set-up. In this case the noise level is given by the noise floor in the Anechoic Chamber and expected to be lower than the UE’s sensitivity level.
2.6.
Measurement Results
2.6.1.
Measurements with no SIR control
Here a comparison between 3 different measurements performed with no external noise injection. The goal of this comparison is to see the effect of the noise floor of the setup.
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Figure 6 – Throughput results for BAD antennas under SCMe UMa B/MC channel model for 45 (blue), 36 (red) and 30 (Black) dB of gain in the Amplifier Unit for all 12 rotations
These measurements were done using SCMe UMa B/MC channel model and the DUT was enclosed inside the CTIA BAD antenna. The three measurements are differentiated on the gain in the Amplifier Box shown in Figure 4, that is, 45, 36 and 30 dB of amplification gain. In each case, the power loss on the amplifiers was compensated by increasing the gain of the channel emulator so that the power at the test area was the same in all cases. 
Effectively in all three cases the power of the useful signal is the same, however the noise floor of the system is decreased as the gain of the PA is also decreased.
This comparison shows us, that UE noise limited testing may lead to incorrect results if the noise floor of the system is not specified below a certain threshold.

2.6.2.
Band XIII Measurements with CTIA antenna
Figures 4 and 5 below illustrates the SCMe UMa B and SCMe UMi results with the GOOD, NOMINAL, and BAD CTIA antenna sets.
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Figure 7: Band 13 SCME Urban Macro B Sensitivity measurements comparison for Good (blue), Nominal (red) and Bad (green) CTIA reference antennas
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Figure 8: Band 13 SCME Urban Micro Sensitivity measurements comparison for Good (blue), Nominal (red) and Bad (green) CTIA reference antennas
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Figure 9: Comparison of all Band 13 Sensitivity Scenarios by averaging all rotations
By considering the average performance over all DUT rotations in Band XIII we observe that under the SCMe UMa B channel conditions the difference in average performance between the GOOD and NOMINAL antennas is 0.5 dB, the difference between NOMINAL and BAD is 2.5 dB, and the overall difference between GOOD and BAD is 3 dB.  Under the SCMe UMi channel conditions the difference in average performance between the GOOD and NOMINAL antennas is 0.5 dB, NOMINAL and BAD is 2 dB, and the overall difference between GOOD and BAD is 2.5 dB.
2.6.2.
Band VII Measurements

Figures 7 and 8 illustrate the performance of NOMINAL and BAD antennas under SCMe UMa B and UMi conditions, respectively.  Figure 9 includes additional measurements performed under the SCMe UMa fading conditions.
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Figure 10: Band 7 SCME Urban Macro B Sensitivity measurements comparison for Good (blue) and Nominal (red) CTIA reference antennas
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Figure 11: Band 7 SCME Urban Micro Sensitivity measurements comparison for Good (blue) and Nominal (red) CTIA reference antennas
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Figure 12: Band 7 SCME Urban Macro Sensitivity measurements comparison for Good (blue) and Nominal (red) CTIA reference antennas
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Figure 13: Comparison of all possible Sensitivity Scenarios by averaging all rotations
By considering the average performance over all DUT rotations in Band VII we observe that under the SCMe UMa B channel conditions the difference in average performance between the GOOD and NOMINAL antennas is 0.5 dB; under the SCMe UMi conditions the difference is 0.5 dB, and under UMa the difference is nearly indistinguishable for the averaged metric, however it is shown in Figure 11 and Figure 12, that the spread generated by all rotations is not the same for both antennas. In fact GOOD antenna performs more homogeneously that the NOMINAL.
3.
Conclusion
This contribution details the calibration procedure to be done for SIR controlled measurements. Also the impact on errors on the antenna positions, within the test area, during the calibration is shown to be negligible.
Impact of setup’s noise floor is also shown for measurements without SIR control and it is suggested in case of use no SIR control to specify the noise floor of the setup.

Measurements for Band VII and XIII are shown using SIR control. This measurements show small difference between antennas for averaged throughput over all rotations, although antenna impact can still be seen for the individual rotations.

It is also exemplified how a UE noise limited measurement may lead to misleading results if the noise floor of the setup is too high.
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