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1.
Abstract
This contribution presents a detailed description of the multi-probe anechoic chamber setup used by Intel to perform the Inter-Lab Inter-Technique measurements, a set of channel model verification results, and measured OTA throughput results for the references antennas and devices.
2.
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.  This contribution presents the channel model verification results and OTA results.
The setup used for these measurements is located at Aalborg University.  Intel and Aalborg University are collaborating on the MIMO OTA topic.  Further information about the multiprobe anechoic MIMO OTA setup has been reported in [3-6].
3.
Discussion
3.1
Measurement Setup
3.1.1
Equipment Specification
Table 3.1.1-1: Instrumentation settings
	Instrument:
	Channel Model Emulator (Fader)

	Manufacturer:
	Elektrobit

	Hardware Model:
	F8

	Software Firmware:
	EB Propsim 2.0.1

	Channel Bandwidth:
	40 MHz

	Ports in use for OTA Channel verification:
	Inputs: only port 1 (port 2 is disabled via software)

Outputs: only the 8 outputs that correspond to the polarization being measured.

	Instrument:
	Vector Network Analyzer

	Manufacturer:
	Agilent Technologies

	Model:
	8753ES

	Firmware:
	N/A

	Instrument:
	Spectrum Analyzer

	Manufacturer:
	Rohde&Schwarz

	Model:
	FSW8 with FSW-K100 option

	Firmware:
	N/A

	Instrument:
	Base Station Emulator

	Manufacturer:
	Rohde&Schwarz

	Model:
	CMW500

	Firmware:
	Base: 30.0.11

LTE: 3.0.20

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

Output1: RF1 OUT

Output2: RF3 OUT

	Instrument:
	Magnetic Loop

	Manufacturer:
	ETS Lindgren

	Model:
	3127-836 magnetic loop

	Instrument:
	Sleeve Dipole

	Manufacturer:
	Satimo

	Model:
	740-80
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Figure 3.1.1-1: Dual synchronized Channel Model Emulators (left and center) and Power Amplification box (right)
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Figure 3.1.1-2: VNA (bottom left), Spectrum Analyzer – FSW (right) and dipole position control instruments (on top of VNA)
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Figure 3.1.1-3: Base Station Emulator - CMW500 (bottom) and 30 dB uplink amplifier for OTA measurements
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Figure 3.1.1-4: Measurement antennas for vertical polarization (left) and horizontal polarization (right)
3.1.2
Anechoic Chamber Configuration
As seen in Figure 3.1.2-1 below, we use a laser to calibrate 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 the picture).
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Figure 3.1.2-1: Anechoic Chamber setup for OTA LTE terminal testing
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: image7.emf]
Figure 3.1.2-2: Ring and measurement position setup
3.2
Channel Model Verification in the Anechoic Chamber
3.2.1
Overview
Results have been taken considering the methodology described in Appendix A of document [1]. There are some measurements where some deviations in the test procedure exist, these have been specified in this report.
3.2.2
Power Delay Profile
3.2.2.1
Initial Setup
Table 3.2.2.1-1: Instrumentation settings

	Instrument
	Vector Network Analyzer

	Center Frequency
	751 MHz

	Span
	40 MHz/200MHz

	RF output Level
	-15 dBm

	Distance between traces
	2.5λ / 10 CIR

	Number of points
	1601

	Averaging
	OFF

	Number of Traces
	1000
CIR: 1, 10, … 10.000

	Distance between traces
	2.5 λ

	Instrument
	Channel Emulator

	Center Frequency
	751 MHz

	Channel model samples
	5,000 λ for SCME UMa

25,000 λ for SCME UMi, SCME UMa AoA0 and SCME UMi AoA0

	Samples per wavelength
	4

	Mobile speed
	30 km/h

	Lab
	Anechoic Chamber

	OTA antenna configuration
	8 probes in full ring, (45º separation), oriented in “+” (horn antenna horizontally/vertically placed)

	Active probes
	Only vertical polarization active when measuring vertical polarized field

	Measurement antenna
	Satimo dipole 


3.2.2.2
Measurement Procedure
(As specified in [1])

Channel emulator is stopped at each CIR position being measured and the Log Power and Phase magnitude’s traces are saved for post-processing.

Dipole’s position is in the center of the ring and static throughout the test.

3.2.2.3
Result Analysis Methodology
As specified in [1]
3.2.2.4
Results
3.2.2.4.1
Measurement Span Considerations
The Power delay profiles (PDP) verification measurement is performed following the appendix of [1] with some exceptions as follows:

a. The span of the VNA was initially set to 200MHz to measure PDP according to [1]. Another round of PDP measurements was performed with the VNA span of 40MHz due to the following reasons:

· Maximum supported bandwidth of the channel emulator F8 is 40MHz. 

· Signal leakage level outside 40MHz was removed when we measured over 40MHz. As shown in Figure 3.2.2.4.1-1, in the 200MHz measurements, the signal covers around 60MHz, while only the signal within the 40MHz is valid according to our fader specifications. 

· As shown in the measurements in this section, larger deviations are present in the 200MHz measurements in some scenarios, while measurements with 40MHz always provide a good match with simulations.
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Figure 3.2.2.4.1-1: Sum of measured CIRs in frequency domain with VNA span and 200MHz and 40MHz
b. Since the mid-path cannot be differentiated in the measurement, the total power of each cluster is compared, which is obtained by linearly summing the powers of the three mid-paths in each cluster.

c. We chose to run the measurements with 1601 points instead of 901 points as it provides higher sampling resolution. As shown in the results, 1601 points is still insufficient for 200MHz bandwidth since the sampling rate is still low.

d. Simulation results of PDP are based on the .ir files in the channel emulator for each scenario. An .ir file is a table of impulse responses. Each IR consists of many taps (delays). Taps are described as their delay and complex strength.
The PDP verification measurements were performed for all the 4 scenarios specified in [1], namely, SCME UMi (multi cluster), SCME UMa (multi cluster), SCME UMi AoA0 (Single Cluster), SCME Uma AoA0 (Single Cluster). First, the comparison between simulated and target PDP is detailed. After that, we present the comparisons between measurements and simulations for all scenarios. 

Note that there is no difference in delay for all scenarios between target and simulations. The offset in terms of delay shown in Section 3.2.2.4.2 is only for illustration purposes.
3.2.2.4.2
Comparison Between Simulated and Target PDP

[image: image9.emf]0 100 200 300 400 500 600 700 800 900

-20

-15

-10

-5

0

Delay unit ns

Normalized Power unit dB

SCME Umi PDP

 

 

0 500 1000 1500 2000 2500 3000 3500 4000 4500

-20

-15

-10

-5

0

Delay unit ns

Normalized Power unit dB

SCME Uma PDP

 

 

Target V

Simulation V

Target V

Simulation V


Figure 3.2.2.4.2-1: PDP comparison between the channel model generated and simulated by the Fader and the theoretical target for a 6 clusters SCME
Table 3.2.2.4.2-1: PDP comparison results (UMi and UMa)

	Model
	cluster
	Power dB

	
	
	Target V
	V  Simulation
	V delta

	UMi
	1
	0
	0
	0

	
	2
	-2.7
	-2.2
	0.5

	
	3
	-1.3
	-0.4
	0.9

	
	4
	-4.3
	-3.7
	0.6

	
	5
	-6.0
	-5.4
	0.6

	
	6
	-8.4
	-8.4
	-0.1

	UMa
	1
	0
	0
	0

	
	2
	-1.7
	-1.6
	0.1

	
	3
	-2.2
	-2.5
	-0.3

	
	4
	-5.2
	-5.2
	0.1

	
	5
	-9.1
	-9.5
	-0.4

	
	6
	-12.5
	-11.5
	1.0
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Figure 3.2.2.4.2-2: PDP comparison between the channel model generated and simulated by the Fader and the theoretical target for AoA 0 cluster SCME
Table 3.2.2.4.2-2: PDP comparison results (single cluster UMi and UMa)
	Model
	cluster
	Power dB

	
	
	Target  V
	V  Simulation 
	V delta

	UMi AoA0
	1
	0
	0
	0

	
	2
	-2.7
	-2.9
	-0.2

	
	3
	-1.3
	-1.29
	0.0

	
	4
	-4.3
	-4.44
	-0.1

	
	5
	-6.0
	-5.91
	0.1

	
	6
	-8.4
	-8.53
	-0.1

	UMa AoA0
	1
	0
	0
	0

	
	2
	-1.7
	-1.7
	0

	
	3
	-2.2
	-2.2
	0

	
	4
	-5.2
	-5.2
	0

	
	5
	-9.1
	-9.1
	0

	
	6
	-12.5
	-12.5
	0


After taking these differences between target model and simulated model, we conclude that:

· Simulated PDP with vertical polarization generally follows the target with vertical polarization very well for all scenarios with a maximum deviation within 1dB. BS antenna pattern for vertical polarization is omnidirectional. That is, BS antenna pattern will not be a source of power variation in the channel model for vertical polarization.

· SCME UMi and UMi AoA0 present very similar results, which is also the case between SCME Uma and Uma AoA0. This result is expected since the only difference between single cluster and multi-cluster channel model is the Angle of Arrival for each cluster. The PDP information stays the same.

· There is no difference in delay for all scenarios between target and simulations.   

3.2.2.4.3
Comparison Between Measurements and Simulations
Raw measurement result is shown in Figure 3.2.2.4.3-1, each color represents a CIR trace in frequency domain.
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Figure 3.2.2.4.3-1: Raw measurement results with a VNA span of 40MHz
One problem of measuring with a VNA span of 200MHz is that aliasing is present when we make the inverse Fourier transform (As shown in Figure 3.2.2.4.3-2). There are no aliasing issues with the measurement with VNA span of 40MHz. Measurements with 40MHz provide 5 times higher sampling rate than measurements with 200MHz.
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Figure 3.2.2.4.3-2: An illustration of aliasing issue with 200MHz measurements in Uma and umi scenario
3.2.2.4.4
PDP Measurements of SCME Single Cluster UMi
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Figure 3.2.2.4.4-1: Vertical polarization PDP measurement comparison for SCME single cluster UMi
Table 3.2.2.4.4-1: Measured SCME single cluster UMi PDP results
	cluster
	Delay ns
	Power dB

	
	Simulated
	Measured 40MHz
	Delta

40MHz
	simulated
	Measured 40MHz
	Delta

40MHz

	1
	0
	0
	0
	0
	0
	0

	2
	205
	205
	0
	-5.9
	-6.2
	-0.3

	3
	285
	283
	-2
	-1.5
	-1.1
	0.4

	4
	660
	659
	-1
	-6.0
	-6.1
	-0.1

	5
	805
	806
	1
	-6.1
	-6.1
	0

	6
	925
	923
	-2
	-10.4
	-10.6
	-0.2


3.2.2.4.5
PDP Measurements of SCME UMi
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Figure 3.2.2.4.5-1: Vertical polarization PDP measurement comparison for SCME UMi
Table 3.2.2.4.5-1: Measured SCME UMi PDP results
	cluster
	Delay ns
	Power dB

	
	Simulated
	Measured 40MHz
	Delta

40MHz
	simulated
	Measured 40MHz
	Delta

40MHz

	1
	0
	0
	0
	0
	0
	0

	2
	205
	205
	0
	-2.2
	-2.2
	0

	3
	285
	283
	-2
	-0.4
	-0.7
	-0.3

	4
	660
	659
	-1
	-3.7
	-3.8
	-0.1

	5
	805
	806
	1
	-5.4
	-5.5
	0.1

	6
	925
	923
	-2
	-8.4
	-8.4
	0


3.2.2.4.6
PDP Measurements of SCME Single Cluster UMa
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Figure 3.2.2.4.6-1: Vertical polarization PDP measurement comparison for SCME single cluster UMa
Table 3.2.2.4.6-1: Measured SCME single cluster UMa PDP results
	cluster
	Delay ns
	Power dB

	
	Simulated
	Measured 40MHz
	Delta

40MHz
	simulated
	Measured 40MHz
	Delta

40MHz

	1
	0
	0
	0
	0
	0
	0

	2
	255
	254
	-1
	-1.7
	-1.8
	-0.1

	3
	360
	357
	-3
	-2.2
	-1.7
	0.4

	4
	1040
	1040
	0
	-5.2
	-5.4
	-0.2

	5
	2730
	2730
	0
	-9.1
	-9.0
	0.1

	6
	4600
	4600
	0
	-12.5
	-12.5
	0


3.2.2.4.7
PDP Measurements of SCME UMa
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Figure 3.2.2.4.7-1: Vertical polarization PDP measurement comparison for SCME UMa
Table 3.2.2.4.4-1: Measured SCME UMa PDP results
	cluster
	Delay ns
	Power dB

	
	Simulated
	Measured 40MHz
	Delta

40MHz
	simulated
	Measured 40MHz
	Delta

40MHz

	1
	0
	0
	0
	0
	0
	0

	2
	255
	254
	-1
	-1.6
	-2.2
	-0.6

	3
	360
	361
	1
	-2.5
	-2.7
	-0.2

	4
	1040
	1040
	0
	-5.2
	-5.9
	-0.7

	5
	2730
	2730
	0
	-9.5
	-10.1
	-0.6

	6
	4600
	4600
	0
	-11.5
	-11.6
	-0.1


3.2.2.4.8
Comments
1. Deviations between measurements and simulations are shown in the tables, deviations between measurements and target are shown in the figures and can be calculated based on the tables shown throughout Section 3.2.2.4.3.

2. Deviation between measurement and simulation in terms of delay is within 5ns, which is very accurate.

3. Generally speaking, measurements with a VNA span of 40MHz match very well with simulation, with a deviation of up to 0.7dB for all scenarios. 

4. Measurements with VNA span of 200MHz generally present worse match compared with 40MHz measurements, deviation in some scenarios are up to 6.5dB. Generally, measurements with 200MHz should not be trusted due to aliasing issue.  

3.2.3
Doppler/Temporal Correlation
3.2.3.1
Initial Setup
Table 3.2.3.1-1: Instrumentation Settings

	Instrument
	Spectrum Analyzer

	Center Frequency
	751 MHz

	Span
	2 kHz

	RBW
	1 Hz

	VBW
	1 Hz

	Number of points
	401 / 25001

	Trace mode
	Average

	Sweep count
	100 traces

	Detector mode
	Average

	Sweep time
	5.02 sec per sweep

	Instrument
	Signal generator

	Center Frequency
	751 MHz

	RF output Level
	-15 dBm

	Modulation
	OFF

	Instrument
	Channel Emulator

	Center Frequency
	751 MHz

	Channel model samples
	5,000 λ for SCME UMa

25,000 λ for SCME UMi, SCME UMa AoA0 and SCME UMi AoA0

	CIRs per wavelength
	4

	Mobile speed
	100 km/h

	Lab
	Anechoic Chamber

	OTA antenna configuration
	8 probes in full ring, (45º separation), oriented in “+”

	Active probes
	Only vertical polarization active

	Measurement antenna
	Satimo dipole measuring only vertical polarization


3.2.3.2
Method of Measurement
(As specified in [1])

Channel emulator is running the simulation throughout the test.

Once the simulation has started, there is a negligible random time delay until the Spectrum analyzer starts measuring in “Single” run mode, during which 100 traces are measured and averaged. Once all 100 sweeps are over and the spectrum analyzers stops, the resulting trace is saved for post-processing.
3.2.3.3
Result Analysis Methodology

As specified in [1].

3.2.3.4
Results

3.2.3.4.1
Power Doppler Spectrum
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Figure 3.2.3.4.1-1: Power Doppler Spectrum for the considered scenarios
Table 3.2.3.4.1-1: Power Doppler Spectrum measured results

	
	Target
	Uma measurement
	Umi measurement
	Uma AoA0 measurement
	Umi AoA0 measurement

	Maximum Doppler frequency
	69.5Hz
	69.7Hz
	69.8Hz
	68.6Hz
	67.5Hz


From the table we can see that the generated channel models match well with the target in terms of maximum Doppler frequency.
3.2.3.4.2
Temporal Correlation
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Figure 3.2.3.4.2-1: Temporal correlation comparison at 751MHz for uma and umi scenarios
Generally, the measured temporal correlation matches pretty well with the simulated temporal correlation. The deviations are likely caused by the reflections in the chamber; more investigation on this part will be performed in the future.  Note that the simulated temporal correlation curves are obtained based on SCME model available on [2].
3.2.4
Spatial Correlation
3.2.4.1
Initial Setup
Table 3.2.4.1-1: Instrumentation Settings

	Instrument
	Vector Network Analyzer

	Center Frequency
	751 MHz

	Span
	10 MHz

	RF output Level
	-15 dBm

	Distance between traces
	2.5 λ / 10 CIR

	Number of points
	1601

	Averaging
	OFF

	Number of Traces
	1000
CIR: 1, 10, … 10.000

	Distance between traces
	2.5 λ

	Instrument
	Channel Emulator

	Center Frequency
	751 MHz

	Channel model samples
	5,000 λ for SCME UMa

25,000 λ for SCME UMi, SCME UMa AoA0 and SCME UMi AoA0

	Samples per wavelength
	4

	Mobile speed
	3 km/h

	Lab
	Anechoic Chamber

	OTA antenna configuration
	8 probes in full ring, (45º separation), oriented in “+”

	Active probes
	Only vertical polarization active

	Measurement antenna
	Satimo dipole measuring field with vertical polarization


3.2.4.2
Method of Measurement
We decided to change the measurement methodology to decrease the overall test run time.

The positioner is oriented perpendicular to the AoA=0º orientation as specified in [1]. The dipole is moved to 0.5λ backwards (which corresponds to 20 cm for our center frequency).

In this position, the Channel emulator is stopped at each CIR position being measured and the Log Power and Phase magnitude’s traces are saved for post-processing, together with the current position of measurement.

The dipole is then moved 0.1λ forward (4 cm in our case), without rotating, and the sweep over 1000 CIR values is repeated for this new position. This procedure is repeated 11 times until a full wavelength is covered (40 cm of linear length in our case), as shown in Figure 3.2.4.2-1.

For each CIR traces on each test antenna position, 1601 samples are obtained over 10MHz bandwidth with frequency resolution 6.25 KHz.
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Figure 3.2.4.2-1: Positions tested to measure the spatial correlation
We calculated the correlation between the traces measured at the center of chamber and at the rest of the points. In the graphs presented ahead, trace A indicates the points on one side from the center and trace B indicates the points on the other side as shown in Figure 3.2.4.2-1. Negative x axis of the curves corresponds to part A and positive x axis of the curves corresponds to the part B.

3.2.4.3
Result Analysis Methodology

As specified in [1]. 

Correlation between traces measured at center position and at other positions in A is compared with correlation between traces measured at center position and at other positions in B.  Spatial correlation results between traces measured at first measured point and at other 10 positions are shown.
3.2.4.4
Results
In the graphs included in this section, the following curves are shown:
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Figure 3.2.4.4-1: Measured, simulated, and theoretical spatial correlations. The Power azimuth spectrum corresponds to the model specified in Tables 3.2.1-3.2.4 of [1]
3.2.4.5
Comments
As we can see, a good agreement can be observed between the measured correlation curves and theoretical curves for all scenarios. In a summarized way, these are the main aspects that we concluded with these results:

· The deviation between the “theo” curve and “Simu curve” is due to the limited number of probes (8 in our measurements) used for channel emulation. The more probes we use, the smaller deviation we should expect. 

· The deviation between the “theo” curve and “Simu curve” for different scenarios is different. This is due to the fact that channel emulation accuracy depends on the channel model.

· The difference between “measured” curves and “simu” curves is likely due to the physical limitation of our MIMO OTA multi-probe test setup. “simu” and “theo” spatial correlations are calculated based on the assumption that the OTA probes are far from the test zone so that we can assume plane waves impinging points inside the test zone. In our setup, an OTA ring of radius 2m was used, while the radius of the test zone is 0.2m. 

· Measurement result for positions in A and B is expected to be the same for scenario SCME UMa AoA0 and SCME UMi AoA0. The PASs (Power Azimuth Spectrum) of SCME UMa AoA0 and SCME UMi AoA0 are symmetric for positions in A and B. However, as shown in Figure 3.2.4.4-1, measurement at center frequency in A is different from B in SCME UMi AoA0. This is probably due to the measurement uncertainties at a single frequency. 

· Measurements for positions in A and B are expected to be different for scenarios SCME UMa and SCME UMi. The PASs of SCME UMa and SCME UMi are not symmetric for positions in A and B and the impact is not negligible due to the limited physical dimension of the OTA ring.
3.2.5
Cross Polarization
3.2.5.1
Initial Setup
Table 3.2.5.1-1: Instrumentation settings

	Instrument
	Vector Network Analyzer

	Center Frequency
	751 MHz

	Span
	10 MHz

	RF output Level
	-15 dBm

	Distance between traces
	2.5 λ / 10 CIR

	Number of points
	1601

	Averaging
	OFF

	Number of Traces
	1000
CIR: 1, 10, … 10.000

	Distance between traces
	2.5 λ

	Instrument
	Channel Emulator

	Center Frequency
	751 MHz

	Channel model samples
	5,000 λ for SCME UMa

25,000 λ for SCME UMi, SCME UMa AoA0 and SCME UMi AoA0

	Samples per wavelength
	4

	Mobile speed
	3 km/h

	Lab
	Anechoic Chamber

	OTA antenna configuration
	8 probes in full ring, (45º separation), oriented in “+”

	Active probes
	vertical and horizontal polarization active

	Measurement antenna
	Satimo dipole measuring field with vertical polarization

ETS magnetic loop measuring field with horizontal polarization


3.2.5.2
Method of Measurement
(as specified in [1])

Measurement procedure is the same as with the Power Delay Profile measurement, but VNA set-up differs.

Channel emulator is stopped at each CIR position being measured and the Log Power and Phase magnitude’s traces are saved for post-processing. Dipole’s position is in the center of the ring and static throughout the test.

Test procedure is then repeated for the magnetic loop with only horizontally polarized probes active.

3.2.5.3
Result Analysis Methodology

As specified in [1]. 

3.2.5.4
Results
In the measurement, the receive antenna was located at the center of the ring by using a laser positioner. After calibration, equal field response (both power and phase) can be obtained for all the horn antennas.

During the measurement, we rotated the receive antenna 360 degrees for an active horn. The average received power with the resonant loop and dipole are -29.8104 dB and -22.4923, respectively. I.e. the antenna gain difference is 7.3dB, which matches well with the value calculated from the antenna specification (as seen in Table 3.2.5.4-1).

Table 3.2.5.4-1: Antenna gain and peak to peak values from data sheet
	Receive antenna
	Gain
	Peak to Peak ripple

	Satimo dipole
	1.8dBi (typical value)
	0.2dB

	ETS loop
	-5.85dBi
	0.88dB

	Antenna gain difference: 7.65dB


The measured results for all the target scenarios are illustrated in Table 3.2.5.4-2. As we can see, the measured results after considering the antenna gain difference is around 1dB higher than the target values in all scenarios. 

Table 3.2.5.4-2: Results for cross polarization measurements for the considered scenarios
	
	SCME Umi
	SCME Umi AoA 0
	SCME Uma
	SCME Uma AoA0

	Target
	0.83 dB
	0.83 dB
	8.13 dB
	8.13 dB

	Simulation
	0.7582 dB
	0.6769 dB
	8.1552 dB
	8.1772dB

	Raw Measurement
	9.726 dB
	9.025 dB
	16.6314 dB
	16.684 dB

	Measurement considering antenna gain difference
	2.0 dB
	1.4dB
	9.0 dB
	9.0 dB

	Deviation
	1.2dB
	0.6dB
	0.9dB
	0.9dB


Possible factors that will introduce this deviation: 

· Each fader is calibrated with a different probe, and therefore we have different calibration values. Each calibration value corresponds to the “measurement” antenna being used. The calibration procedure is that it takes the lowest of the outputs, and lowers the rest of the outputs according to this one. If there is 1dB difference in the lowest of the outputs for the horizontal and vertical polarization, we will have one dB difference.
3.3
OTA Measurements
3.3.1
Introduction
The following chapter describes the LTE OTA MIMO measurements. The purpose of this section is to highlight the relevant details when targeting the throughput testing required in [1].
3.3.2
Test Setup
The system used for OTA testing is the same as the one used in chapter 1, some specific details of the setup are highlighted here for convenience.

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 is shown in Figure 3.3.2-1 below.
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Figure 3.3.2-1: Uplink antenna details
For the emulation of the channels proposed in [1], eight dual polarized probes are enough for the size of the DUT. The unused antennas are covered by absorbers to avoid undesired interactions.

All vertical polarization of the active probes are connected to one fader unit. The remaining ones, 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. This is shown in Figure 3.3.2-2 below. Calibration is further discussed in Section 3.3.3.3.
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Figure 3.3.2-2: Block diagram of the system
3.3.3
Test Parameters
3.3.3.1
Modulation and Coding Schemes
As specified in [1], a few subset of all available MCS are specified to be tested. Those correspond to the reference channels R.35 and R11 and they are shown in Table 3.3.3.1-1, besides the transmission mode (TM), TBS index, the initial RS EPRE and AWGN noise power.
Table 3.3.3.1-1: Selected MCS and initial RS EPRE and AWGN
	TM
	Reference channel
	MCS
	TBS
	RS EPRE
	AWGN

	TM3
	R.35 FDD
	QAM 64
	18
	-60 dBm
	-85 dBm

	TM3
	R.11 FDD
	QAM 16
	13
	-75 dBm
	-90 dBm

	TM2
	R.11 FDD
	QAM 16
	13
	-80 dBm
	-90 dBm


The above noise and power configuration is defined as the initial measurement points. Afterwards, the RS EPRE is decreased by 1dB until a BLER higher than 30% is reached. However for many measurements it seems that the starting point for measurement was too optimistic, hence we have decided to start the measurement 3 dB above the requested RS EPRE in order to see the full behavior of the DUT at the given parameters.

In [1], the number of subframes used for throughput measurements is not specified. However in 3GPP in was suggested that 20000 subframes would be enough. We have decided the following configuration suits our needs:
· 20000 subframes for TM3, QAM64

· 10000 subframes for TM3, QAM16

· 5000 subframes for TM2, QAM16
3.3.3.2
Noise Generation and SNR Definition


At this time, neither the IL-IT Test Plan [1] nor TR 37.977 [8] contains a definition of operating SNR to be used in OTA measurements or specifies a technique for injecting AWGN to achieve a specified UE operating point in terms of SNR or RS EPRE.  We understand that three approaches for AWGN injection are possible:  not generating any additional noise in the system, generating AWGN at the eNB emulator, and generating AWGN at the fading emulator.

Introducing no added noise to the system and only changing the received power level is straightforward in its definition but presents some concerns. The overall noise seen by the DUT may be limited by the noise generated by the setup itself (such as the power amplifier network). This would imply that the noise may be lab dependent, and further work to define a common level and method of measurement is needed.


Injecting noise at the eNB emulator leads to a simplified implementation and achieves the goal of presenting an expected range of SNR to the UE over the course of a measurement. This method creates a noise source that is filtered with the signal; therefore, the noise may not fulfill the target characteristics at the DUT. One of the main concerns is that the noise will be power weighted the same way as the signal producing that, for example, all noise comes from the same directions as the channel model clusters’ AoAs.
Another approach would be to generate AWGN uniformly around the DUT independently from the useful signal. This option requires further study. 

On our system, we have used the simplest technique to achieve an expected SNR at the UE:  injection of AWGN at the eNB emulator. As there was no methodology to measure the noise at the antenna ports of the DUT, the noise has been set in the BS emulator without taking into account the noise figure of the fader and the PA units. This will impact the OTA throughput results with a constant shift on the SNR axis.
3.3.3.3
Calibration of the System

The system needs to be calibrated in two ways in order to achieve consistent results.

First, the system needs to ensure the same power reaches the test area through each of the OTA probes. This calibration is done on the vertical and horizontal polarizations 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. After this calibration stage, the power difference between probes is bellow ± 0.65 dB. 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. However the effect of this power unbalance can be considered not significant for the LTE testing as it is shown in chapter 2 that the channel characteristics are fulfilled with in the test area.

Second, a target RS EPRE and SNR should be set at the antenna port on the OTA system. A methodology on this is not fully specified in [1]. The methodology used here is the following:  We set the output level of the CMW500 to a value, which will correspond to -60 dBm at the antenna port 1 of the DUT. For this measurement, we use the CTIA good reference antenna at the working frequency, and the SCMe UMa multi-cluster channel model in the fader. The simulation is set in bypass mode, that is, the channel impulse response (CIR) is set to one constant tap with the equivalent power of the channel model. These measurements are done with the R&S FSW.

All measurements are done using this methodology as reference power. If other channel models contain different channel gains, those are omitted from this calibration process, as in order to compare each channel model they should share a common calibration point, and the difference in performance should be explained due to channel model and antenna differences.
3.3.3.4
Power Amplifier Units
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 30 dB (15dB+15dB). On the uplink, a two stage PA is also installed with a gain of 45 dB in total (15dB+30dB respectively). This uplink gain is done to set the signal power acquirable for the BS emulator.
3.3.3.5
CTIA Test Set
We have received the set of reference antennas at band 13, namely Good (G), Nominal (N) and Bad (B), with reference MOSG-RA-13-5. Also we received the CTIA DUT test device at band 13, with reference MOSG-RD-13-5. Both correspond to the spare set.
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Figure 3.3.3.5-1: CTIA test device at band 13
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Figure 3.3.3.5-2: CTIA test antennas at band 13. Good, Nominal and Bad
3.3.4
Measurement Results
This chapter contains some results extracted from the overall test campaign being performed which includes the requested testing in [1]. 

Figure 3.3.4-1 contains the throughput versus RS EPRE for all reference antennas under SMCe UMi multi cluster. Good and Nominal antennas seems to perform equivalently, while Bad antennas have a considerable decrease of performance. This degradation is more significant at high the MCS. This is expected as it is when the system becomes more sensible to correlation and channel characteristics. The same affect can be seen under SCMe UMa multi cluster for Figure 3.3.4-2.
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Figure 3.3.4-1: SCMe UMi, rotation 120 degrees for Good Nominal and Bad antennas at band 13
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Figure 3.3.4-2: SCMe UMa, rotation 120 degrees for Good Nominal and Bad antennas at band 13
Figure 3.3.4-3 shows the performance difference results for SCMe UMa multi-cluster channel model for different rotations. That is, keeping the same channel characteristics the DUT is rotated in the azimuth plane in steps of 30 degrees. This test is performed for all MCS specified in Table 3.3.3.1-1, and for Good, Nominal and Bad reference antennas. Figure 3.3.4-4 contains the same testing done under SCMe UMa single cluster.  Figure 3.3.4-5 and Figure 3.3.4-6 contain the analogous data for UMi and UMi single cluster.
It is clear the spread over rotation for good antennas is smaller than for nominal and bad. This shows that the PAS shape becomes more important for the correlated antennas. This spread also becomes larger for the single cluster case as most of the energy is coming from a single direction.
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Figure 3.3.4-3: SCMe UMa, all rotations for Good Nominal and Bad antennas at band 13
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Figure 3.3.4-4: SCMe UMa single cluster, all rotations for Good Nominal and Bad antennas at band 13
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Figure 3.3.4-5: SCMe UMi, all rotations for Good Nominal and Bad antennas at band 13
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Figure 3.3.4-6: SCMe UMi single cluster, all rotations for Good Nominal and Bad antennas at band 13

To include the information of all rotations on one single curve the average over rotation is taken. This is shown in Figure 3.3.4-7 and Figure 3.3.4-8. Here, SCMe UMa and SCMe UMi multi cluster channel model are used respectively. In [1], the test is stopped at BLER higher than 30%, that may lead to few samples at the lower end of the performance curve.
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Figure 3.3.4-7: SCMe UMa multi cluster, average over all rotations for Good Nominal and Bad antennas at band 13
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Figure 3.3.4-8: SCMe UMi multi cluster, average over all rotations for Good Nominal and Bad antennas at band 13
4.
Conclusion

The definition of the SNR in [1] is not clear. Some proposals are described on this document and one of them is implemented on our testing. We consider this item should be for FFS.

The OTA measurements show small performance difference between Good and Nominal antennas for TM2 R.11 and TM3 R.11. TM3 R.35 seems to be able to discriminate between them. Bad antennas have considerably poorer performance especially on TM3 R.11 and R.35. 

Differences between channel models can also be seen. SCMe UMi multi-cluster and single cluster cases show a large spread in performance when the device is rotated in azimuth. This is expected as the majority of the energy is incoming the test area from a single direction. Performance differences are also observed for SCMe UMa multi-cluster between different antennas, here, the difference between good, nominal and bad antennas is also clear. 

The average over different orientations is used as a methodology of comparison. However, it is suggested to apply this averaging for non-truncated throughput curves. 

Converged throughput values should be ensured before continuing with the testing campaign. There has been some non-conclusive testing with more subframes. Hence we consider this topic for further study.
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