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1.
Abstract
This contribution proposes a noise floor verification procedure for MIMO-OTA set-ups based on the multi-probe Anechoic Chamber (AC) solution together with some noise floor measurement results obtained at the Aalborg University/Intel facility.
2.
Introduction

Companies participating in the specification of MIMO OTA testing methodologies [7] are carrying out an Inter-Lab / Inter-Technique (IL/IT) testing activity [1] that consists of channel model verification, absolute throughput framework, and radiated measurements. The latest CTIA IL/IT effort concentrates its radiated measurements testing around DUT sensitivity levels, where no additional artificial noise is added to the measurement system.

The purpose of this contribution is to provide an unambiguous and unified noise floor measurement procedure to ensure that the DUT performance results are comparable between labs, where the noise floor of the system has been validated and can be compared.
The set-up used for the measurements presented in this contribution is located at Aalborg University.  Intel and Aalborg University are collaborating on the MIMO OTA topic.  Further information about the multi-probe anechoic MIMO OTA set-up has been reported in [3-6].
3.
Discussion
3.1
Measurement Set-up
3.1.1
Equipment Specification

Table 3.1.1-1: Instrumentation settings
	Instrument:
	Channel Model Emulator (Fader)

	Manufacturer:
	Anite

	Hardware Model:
	2 x F8

	Software Firmware:
	EB Propsim 3.1.1

	Channel Bandwidth:
	40 MHz

	Ports in use for Noise Floor Measurements
	Inputs: port 1 and port2 connected to Base Station Emulator (BSE) outputs
Outputs: 8 outputs to vertical polarization, 8 outputs to horizontal polarization

	Output Noise Floor (Spec.)
	<–160dBm/Hz

	Instrument:
	Vector Network Analyzer (VNA)

	Manufacturer:
	Agilent Technologies

	Model:
	HP8753D

	Firmware:
	7.14

	Instrument:
	Spectrum Analyzer (SA)

	Manufacturer:
	Rohde&Schwarz

	Model:
	FSP7

	Firmware:
	1.30

	DANL (Intrinsic Noise):
	-155 dBm/Hz

	Instrument:
	Base Station Emulator

	Manufacturer:
	Rohde&Schwarz

	Model:
	CMW500

	Firmware:
	Base: 30.0.16
LTE: 3.0.50

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

Output1: RF1 OUT

Output2: RF3 OUT

	Output Noise Floor (Spec.)
	<–155 dBm/Hz

	Instrument:
	Sleeve Dipole

	Manufacturer:
	SATIMO

	Model:
	SD740-80

	Instrument:
	Power Amplifiers (PA)

	DL Power Amplification
	Gain ~16 dB

Noise Figure ~ 3.2 dB

	UL Power Amplification
	45 dB
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Figure 3.1.1-1: BSE (left); Fader and PAs (middle); VNA, SA and position control instruments (right) 
3.1.2
Anechoic Chamber Configuration

As seen in Figure 3.1.2-1 below, we use a laser to align the position of our measurement antenna to keep the same distance from all probes. To match the height of the antenna with the azimuth plane of our ring we have a known distance from a horizontal line (seen over a ruler in Figure 3.1.2-1).
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Figure 3.1.2-1: Anechoic Chamber set-up for OTA LTE terminal testing (left) and Measurement antenna for vertical polarization (right)
Figure 3.1.2-2 below describes how each of the faders is connected to probes in our ring, and also the directions of movement of our measurement antenna or DUT.
[image: image5.emf]
Figure 3.1.2-2: Ring and measurement position diagram
3.1.3
Equipment connection diagram

To perform the noise floor measurements, the equipment specified in 3.1.1 is connected as shown in Figure 3.1.3-1. 
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Figure 3.1.3-1: Equipment configuration for noise floor measurements

3.1.4
Equipment configuration

To perform the noise floor measurements, the instruments specified in 3.1.1 should be configured as specified in this section.

3.1.4.1 
Base Station Emulator

The Base Station Emulator is configured according to the set-up specified in [1]. Once the instrument is configured, the RF downlink signal is switched off by turning off the cell signaling state.

3.1.4.2
Channel Model Emulator

The fading emulator(s) must be configured with one of the channel models described in [1]. The appropriate calibration values must be loaded in the channel emulator(s) to ensure that the correct power levels are received in the test zone.
3.1.4.3
DL Power Amplifier Box 

The PA stage must allow us to reach the desired power level in the center. In the measurements presented in this contribution approximately 16 dB of amplification are used in downlink.

3.1.4.4
Spectrum Analyzer

The noise floor of the system is measured by positioning a reference measurement antenna in the center of the test zone and connecting it to the spectrum analyzer. The noise floor is then measured by using the channel power measurement option of the spectrum analyzer as described below:

1. Perform a Preset operation in the spectrum analyzer

2. Adjust the Center Frequency of the spectrum analyzer to the center frequency of the LTE channel in use.
NOTE: for Band 13 measurements according to [1], this  is CF = 751 MHz

3. Activate the Channel Power measurement option

4. Select the Integration Bandwidth (IBW) according to the eNodeB configuration specified in [1]. 
NOTE: for Band 13 measurements according to [1], this  is IBW = 10 MHz

5. Adjust the spectrum analyzer’s span to be bigger than the IBW. (Span > IBW ( Span = 15 MHz).

6. Select the lowest RF Attenuator – typically SA_Att=0 dB.
7. Select an appropriate reference level and power range for the noise floor, typ. Ref.Level = -90 dBm; PowerRange = 100 dB.

8. Select a small resolution bandwidth compared to the IBW (RBW << IBW, ( RBW = 10 kHz).

9. Select a small video bandwidth (VBW = 10 kHz).

10. Put the trace in Average mode and the detector for that trace in RMS mode.

11. Select a sweep count/averaging factor of 10 sweeps.

12. The sweep time is 10 seconds to obtain a higher number of uncorrelated samples for the RMS detector.

In some spectrum analyzers the pre-amplifier option may be activated to improve the measurable noise floor.
3.1.4.5
Positioning system

The noise floor is measured multiple times within the test zone to verify the repeatability of the measurement. The noise floor of the system has been measured at the center of the test area 3 times in two different orientations. 
3.2
Calibration and noise floor calculation

3.2.1 
Calibration of the AC set-up
The multi-probe AC MIMO-OTA set-up must be calibrated first in terms of relative path gain and phase so that the signal delivered by each transmitting probe arrives at the center of the test zone with the same power level and phase.

Once the initial relative path calibration is performed, the output power at the fading units must be equalized to obtain the desired channel power and XPR for the channel model being tested. According to [1], the target RS EPRE seen at the DUT position must be -85 dBm/15 kHz and the XPR must be 0.83 dB and 8.13 dB for SCMe UMi and SCMe UMa respectively.

3.2.2
Correction factors

In order to calculate the noise floor, the following correction factors must be taken into account.

3.2.2.1
Spectrum Analyzer’s internal attenuator - 
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If a configuration different than the one described in 3.1.4.4 is used with a higher internal attenuator, then a correction factor to the noise measurements has to be added.

3.2.2.2
RF path from measurement antenna to SA - 
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As shown in Figure 3.1.3-1, there might be some long cables between the measurement antenna and the spectrum analyzer. The path loss of these components should be compensated when obtaining the channel power measurement from the spectrum analyzer.
3.2.2.3 
Antenna Gain - 
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The specification of the reference antenna, or an accurately calibrated antenna gain measurement, will reveal the antenna gain for the operating frequency.

The SATIMO SD-740-80 specifies +1.8 dB of antenna gain that must be accounted for.
3.2.3
Noise floor calculation

Taking into account the correction factors described in section 3.2.2, the noise floor level should be calculated as:
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3.3
Noise Floor Measurements
3.3.1
Measurement Procedure
After setting up all the instruments as described in previous sections, the RF signal at the base station emulator is switched off and the noise power is measured at the center of the test zone multiple times with the dipole being moved away and then back into place as well as rotated at 0 and 90 degrees.
3.3.2
Intrinsic Noise floor of the spectrum analyzer

It is important to evaluate the noise floor level of the equipment used. To do so, the RF input port of the spectrum analyzer is terminated with a 50 Ω load.

As no pre-amplifier option is available in our R&S FSP spectrum analyzer, the measured intrinsic noise floor with the same settings as the ones described in section 3.1.4.4 is -155.7 dBm/Hz. 
3.3.3
Noise floor measurements

3.3.3.1 
Noise Floor Level

In the following plot the computed noise floor at the center of the test zone is shown. Each bar in the figure represents an individual measurement. Statistics are given above each channel model. The shift in noise floor between channel models can be explained with the different attenuator settings for the different XPR and absolute power requirements.
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Figure 3.3.3.1-1: Average Noise Floor at the center of the test zone for vertical polarization
The measurements done in such manner are limited by the capabilities of the SA used. An SA with 
3.4 
LTE Power Level measurements
3.4.1
Measurement procedure

Following the same measurement procedure as for the noise floor measurements, the LTE signal is switched on again at the Base Station Emulator using the OCNG option. Afterwards the Channel Power is measured with the same settings used for the noise floor measurement.

3.4.2
Target RS EPRE

The absolute power level was calibrated for a total RS EPRE of -80 dBm/15 kHz (5 dB above requested) with an XPR of 0.83 dB for SCMe UMi and 8.13 dB for SCMe UMa, which results in an expected RS EPRE for the vertical polarization of -82.62 dBm/15 kHz for SCMe UMi and -80.62 dBm/15 kHz for SCMe UMa.

3.4.3
LTE Power Level measurements

In Figure 3.4.3-1 the LTE Power level is presented for vertical polarization.
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Figure 3.4.3-1: Average LTE Power Level at the center of the test zone for the vertical polarization

3.4.4
Expected SNR range for vertical polarization only
Taking into account the noise floor from section 3.3.3.2 and the achievable LTE power level presented in 3.4.3, we expect to see an average SNR sweep range of about 30 dB as shown in figure 3.4.4-1.
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Figure 3.4.4-1: Average SNR Level at the center of the test zone for the vertical polarization

4.
Conclusion

This contribution has described a procedure to measure and verify the noise floor of the system using an SA. Further, with a downlink amplification stage of 15 dB of amplification, the observed noise floor is for all measurements is below -152 dBm/Hz, which translates to a level of lower than -110.24 dBm/15 kHz (per subcarrier). In terms of SNR this translates in approximately 30 dB of sweep range considering a total RS EPRE of -80 dBm/15 kHz. 

This noise floor level is comparable to the conducted and non-faded sensitivity point of the reference DUT for the IL/IT test as reported in [9] for the RMC settings described in [1].
This procedure might be implemented for each MIMO OTA methodology; therefore, a natural step would be to introduce this into the standard channel power calibration and verification procedure.
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