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1. Introduction

As part of the MIMO OTA harmonization testing campaign conducted during the summer 2015, it was agreed to perform ADTF accuracy measurements as a sanity check of the test setups. ADTF measurements were previously conducted in the former MIMO OTA work item with a targeted accuracy of +/- 2.3 dB. The requirements of the sanity check within the harmonization testing campaign were a conducted-radiated alignment within the former results in TR37.977. Most of the results for the RC and RC+CE methodologies fell within these limits, however, there was one set of results for LTE band 7 that showed a larger deviation. Further analysis was requested to understand this difference.
This contribution summarizes the old ADTF results in [1] from the MIMO OTA harmonization testing campaign and the new results provided by CATR in [2]. In addition to this, results from two additional labs are provided, to gain further understanding.
2. Labs and Devices
ADTF measurements were conducted in two additional labs. Lab 1 (Bluetest Sweden) was utilizing the RC and RC+CE test setups and Lab 2 was utilizing the RC+CE setup only. The eNodeB settings aligned with the settings used by the CATR lab for the harmonization testing campaign.

Lab 1 was utilizing a USB dongle operating on band 7 together with the band 7 nominal reference antenna. Lab 2 was utilizing a handset operating on B7 and another unit of the nominal reference antenna. Both of the antennas were different from the antennas utilized by the CATR lab.
3. Results
The following tables summarize the results obtained from the various labs. Results from the CATR lab are obtained from [1] and [2] and are calculated as the mean over the repeated measurements provided.
Observe that all labs have been using a different reference device, thus the absolute values are not comparable between the labs. Only the deltas can be compared.

3.1 NIST

Band 7

	Lab
	Cond TPUT at 70 % [dBm/15kHz]
	OTA TPUT at 70 % [dBm/15kHz]
	Delta [dB]

	Lab 1; December 2015
	-104.6
	-104.6
	0

	CATR; August 2015
	-105.7
	-103.8
	1.9

	CATR; January 2016
	-105.5
	-104.8
	0.7


Band 13
	Lab
	Cond TPUT at 70 % [dBm/15kHz]
	OTA TPUT at 70 % [dBm/15kHz]
	Delta [dB]

	CATR; August 2015
	-105.2
	-105.1
	0.1

	CATR; January 2016
	-106.3
	-105,4
	0.9


Band 41
	Lab
	Cond TPUT at 70 %
	OTA TPUT at 70 %
	Delta [dB]

	CATR August 2015
	-105.4
	-104.4
	1.0


3.2 Long Delay Spread High Correlation

Band 7

	Lab
	Cond TPUT at 70 % [dBm/15kHz]
	OTA TPUT at 70 % [dBm/15kHz]
	Delta [dB]

	Lab 1; December 2015
	-96.2
	-94.4
	1.8

	Lab 2; December 2015
	-99.5
	-98.3
	1.2

	CATR; August 2015
	-105.7
	-102.0
	3.5

	CATR; January 2016
	-99.8
	-97.8
	2.0


Band 13
	Lab
	Cond TPUT at 70 %
	OTA TPUT at 70 %
	Delta [dB]

	CATR August 2015
	-99.7
	-97.5
	2.2

	CATR January 2016
	-101.1
	-99.2
	1.9


Band 41
	Lab
	Cond TPUT at 70 %
	OTA TPUT at 70 %
	Delta [dB]

	CATR August 2015
	-98.1
	-96.2
	1.9


3.3 Short Delay Spread Low Correlation

Band 7

	Lab
	Cond TPUT at 70 % [dBm/15kHz]
	OTA TPUT at 70 % [dBm/15kHz]
	Delta [dB]

	Lab 2; December 2015
	-105.5
	-104.0
	1.5

	CATR; August 2015
	-105.6
	-102.0
	3.6

	CATR; January 2016
	-104.8
	-103.0
	1.8


Band 13

	Lab
	Cond TPUT at 70 %
	OTA TPUT at 70 %
	Delta [dB]

	CATR August 2015
	-105.2
	-103.2
	2.0

	CATR January 2016
	-106.5
	104.3
	2.2


Band 41
	Lab
	Cond TPUT at 70 %
	OTA TPUT at 70 %
	Delta [dB]

	CATR August 2015
	-105.3
	-103.5
	1.8


4. Analysis

The first observation from the data above is that the ADTF results for the NIST channel model now is within the requirements of [3]. The previous results from the CATR lab in August showing a difference of 1.9 dB for B7 has been decreased to 0.7 dB with the new measurements. This indicated that there were some issues with the B7 measurements in August 2015. The results from Lab 1 further support this.
The second observation is that the difference of 3.5 dB for B7 for the long delay spread high correlation channel model has been decreased to 2 dB with the new set of measurements provided by CATR. This is now within the requirements of [3] and indicates that there were some issues with the B7 measurements in August 2015. The results from Lab 1 and Lab 2 further support this.
The third observation is that the difference of 3.6 dB for B7 for the short delay spread low correlation channel model has been decreased to 1.8 dB with the new set of measurements from the CATR lab. This is now within the requirements of [3] and indicates that there were some issues with the B7 measurements in August 2015. The results from Lab 2 further support this.
The fourth observation is that there seems to be a consistent offset of approximately 1.5 – 2 dB for all bands and labs for the RC+CE methodology. There are small variations between the labs, but this is expected given for example the measurement uncertainty and that all labs utilize different units of the nominal antenna. 
To summarize, from the above it can be concluded that there are two contributions to the large differences observed for B7 from the measurements in August 2015:
· Consistent offset inherent to the ADTF procedure for the RC+CE methodology of 1.5 – 2 dB

· Unknown issues with the measurements at B7, giving an additional offset of 1.5 – 2 dB

The second contribution has been resolved with the new measurements from CATR. The first contribution is discussed in the next section.
5. Impact on Harmonization

The fact that a similar offset is obtained for all labs and bands supports that the offset seen in the CATR lab is not due to wrong implementation of the test setup, but rather is a consistent offset inherent to the ADTF procedure. The difference seen is well within the accuracy defined in the former WI for a proof of concept (+/- 2.3 dB) and since the ADTF procedure was developed to fall within these limits, it cannot be expected to get a better alignment than this.

In view of the harmonization, the consistent nature of the offset will not contribute to any additional uncertainty. The figure below provides an illustration of this. Assume that two labs (Lab 1 and Lab 2) implement the same methodology (Method 1) and gain the OTA results relative to the conducted reference as depicted below. There is a consistent offset between the conducted and the OTA results of x dB (there is of course also some variations between the labs). The OTA results from Method 1 are then to be harmonized to the OTA results from Method 2 by applying calibration factors. When applying the calibration factors to the OTA data, the offset between the conducted and OTA results for Method 1 will be calibrated out. Thus, it will not contribute to any additional uncertainty in the harmonized results. Applying an additional MU term corresponding to the difference between the conducted and OTA results, as proposed in [4], will thus significantly over-estimate the final MU for the harmonized results.
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6. Proposal
The findings above lead to the following proposals to be considered by the group:

Proposal 1: ADTF accuracy as defined in [3] for the RC methodology is within acceptable limits.

Proposal 2: ADTF accuracy as defined in [3] for the RC+CE methodology is within acceptable limits.
Proposal 3: Given that the ADTF accuracy for the RC methodology is within acceptable limits, in line with [3] no additional MU term is needed to account for the ADTF accuracy in the overall MU for the harmonized results.
Proposal 4: Given that the ADTF accuracy for the RC+CE methodology is within acceptable limits, in line with [3] no additional MU term is needed to account for the ADTF accuracy in the overall MU for the harmonized results.
Proposal 5: Given the consistent nature of the ADTF offset and the calibration factors applied in the harmonization procedure, no additional MU term is needed to account for the ADTF accuracy in the overall MU for the harmonized results.
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