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1. 
Abstract
Describes some discrepancies in measured conductive non-faded results and provides recommendations for improvement of the data.
2.
The conductive non-faded baseline
It is common engineering practice to start the evaluation of any device with a simple, well understood and well controlled test and test environment. Within the scope of MIMO OTA testing, the most natural choice for this purpose is the conductive non-faded test. Although not explicitly written as a requirement most companies have provided such baseline reference. In the case of the decomposition method establishing such baseline is essential step of the method. 

Despite the fact this seems commonly accepted engineering approach, comparison of the various presented measurements seem impossible. Significant ambiguity existed as to which, device was used by which company and for what kind of measurement. A consistent effort was made during RAN4 meeting number 68 in Barcelona by several companies (Intel, Satimo, ETS, Anite, Spirent) to clarify this ambiguity [1]. An earlier revision of [1], namely [2] had conducted Motorola/ETS data but as part of the Ad-hoc discussion a request was made from Emite to remove this data and it did not appear in the final version [1]. An independent document from Rhode & Schwartz [3] provided the same kinds of measurements for the decomposition method. All of these companies produced results rather consistent within reasonable limits for the type of measurement performed having in mind that various set-ups, instruments and even devices were used.
On the other hand [4] and [5] show significantly different results from Bluetest, CTTC and Azimuth although Azimuth did not present any data (only co-sign). The meeting minutes regarding [5] and [6] state that questions about non-faded conductive measurements and devices used remain. An action point was given to Bluetest and Emite to verify power definitions and instrument settings. 
An additional source of confusion was the result presented in [7] by Agilent with original data coming from [8]. One of the major issues in [7] was, that the value of -114 dB sensitivity given as Intel’s, was erroneously sourced and does not correspond to Intel’s published data – see [1]. Agilent’s value however of -112 dBm was right between Intel’s and Satimo’s results on one side and Emite’s and Bluetest’s on the other, contributing to the confusion of the group.
An offline discussion lead to an agreement that all companies will check the conducted non-faded results.
A follow up action was taken by Intel to verify the consistency of the results presented in [1]. A number of possible errors were investigated mostly related to the BSE setting and calibration. From [1] it is clearly visible that calibration errors are easy to make and can throw the results off by few tens of a dB. The fact that different devices were used is also contributing to this difference. The results of such investigation however confirmed the findings in [1] within what can be considered reasonable deviation and no new information was reported at the next meeting RAN4 No68_bis in Riga, Latvia in October 2013.
Such follow up action was formally requested in the meeting notes to [5] by Satimo and in the meeting notes to [6] by the chair. At the RAN4 68_bis meeting however no update was given. Azimuth presented yet another set of data with different conductive non-faded results [9]. An offline discussion lead to a potential explanation from Bluetest on the observed large deviation and a number of requests were made by Intel for such data and clarification – see minute notes. To date no such clarification has been given.
The current status is presented in the figures below:
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Figure 1 - Cable conducted MIMO performance with static, Umi and Uma channel impairments – see [8] for definitions
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Figure 2 - Conducted non-faded measurements comparison between Intel and Satimo – see [1] for definitions
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Figure 3 - IL/IT results consistency for Reverberation Chamber candidate methodology1 (RC) conducted results without channel impairments – see [4] for definitions
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Figure 4 - Throughput curves for conducted measurements comparing Azimuth and Bluetest results using the Long delay spread high correlation channel model (version B with 15 degree cluster rotation) channel model – see [9] for definitions.

Update on the status
It is very troubling that companies cannot agree on this simple and basic baseline comparison. It is stated in a number of way forward documents that a harmonization between methodologies is a goal for the group and this should be the main starting point for all. In [10] Agilent demonstrates the impact of DUT noise floor on OTA measurements. In [7] this is applied to measured data. The conclusions in [7] were discarded as wrong by the group due to erroneously sourced data and methodology concerns, however the principle outlined in [10] was seen as a valid consideration. The current problem companies face, is the lack of agreement on the reference conductive non-faded performance of the devices used.
To facilitate improvement of the understanding of results within the group we present in the following figure re-measured data and a collection of all available to Intel, published, raw data to date. In addition we include Motorola’s data from [2]. [2] was revised but the validity of the data was not questioned.

In addition since various devices were used a table summarizing that is provided here, modelled after the one in [1].

Table 1 - Summary of currently used devices by various companies.
	Device ID
	DUT A
	DUT B
	MOSG-RD-13-05
	MOSG-RD-13-03
	Dev C*

	Lab
	Intel
	Intel
	Satimo, Motorola/ETS Lindgren, Emite
	Bluetest, R&S, Agilent
	Azimuth

	Manufacturer
	HTC
	HTC
	HTC
	HTC
	HTC

	Model
	Rezound
	Rezound
	Rezound
	Rezound
	Rezound

	Operating system
	Android 4.0.3
	Android 4.0.3
	Android
	Android
	Android

	Software number
	4.03.605.2 710RD
	4.03.605.2 710RD
	NA
	N/A
	N/A

	Baseband version
	2.22.10.0801r,2.22.10.0803r
	2.22.10.0801r,2.22.10.0803r
	NA
	N/A
	N/A

	Serial Number
	HT1APS201087
	HT1APS201196
	HT18KS200216
	HT18KS200207
	HT1AXS201238

	IMEI
	990000338088158
	990000338089248
	NA
	990000327075521
	990000338748983

	HTC version
	Sense 3.6
	Sense 3.6
	NA
	N/A
	N/A

	PRI Version
	1.16_002-3.01_002
	1.16_002-3.01_002
	NA
	N/A
	N/A

	PRL Version
	00000
	00666
	NA
	N/A
	N/A

	ERI Version
	5
	5
	NA
	N/A
	N/A

	Kernel
	3.0.16-g480e1b0
	3.0.16-g480e1b0
	NA
	N/A
	N/A


* - Appears as DUT B in [11] and renamed here to DUT C to fit the current table.
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Figure 5 - Conductive non-faded data available for plotting to Intel to date.
In the figure above S5 refers to another measurement set-up built in Intel to validate the data from [1]. The Intel DUT B was measured again after loading the R&S configuration files published on the CTIA web site as well as manually configuring the instrument. As expected the results are within some minor calibration error. It should be noted that the pigtail cables from the DUT and some interconnects are not included in the calibration. We used a CMW 500 version 3.2.21 for the base software and version 3.2.50 for the LTE signalling software. The DUT was in an ETS-Lindgren EMC box model 5211.
Observations and recommendations
With the currently existing data it is very hard to conclude on conducted non-faded results. The problem originating at this baseline level can make further radiated comparison meaningless.
We observe however the following:

· Intel, Satimo, R&S and Motorola/ETS results are within reasonable deviation from each other, considering that there are 2 different base station emulators types used, more than 5 distinct units, multiple software versions of those and four different devices.

· Intel has measured repeatedly on multiple CMW500 units, with various calibrations, in temperature controlled and non-temperature controlled environments, with various instrument software versions and with two different devices. We also used configuration files provided publicly as well as manually setting up the instruments. 
· Agilent does not to date provide reference configuration files for their base station emulator.

· The lack of consistency between Emite and Motorola/ETS and Satimo, and between Bluetest and R&S for the same devices raises doubts on the measurements performed by Emite and Bluetest. Considering Agilent’s contribution from [10] this can be extrapolated to the radiated measurements as well.
· Agilent and Azimuth seem to match between each other but raw data is missing from Azimuth for proper judgement. R&S and Agilent measuring on the same device are about 0.6 dB apart. This could be attributed to calibration errors, however companies are strongly encouraged to investigate the source of 0.6 dB difference.
Having in mind the above observations the following recommendations are made:
· Agilent to provide configuration files for their instrument

· Bluetest, Emite and Azimuth to report raw data for better comparison.

· All labs reporting inconsistent results to check those and submit contributions with explanations, measurements and validation of settings. We consider Intel has done this already and can be used as a baseline.
One last note would be that the particular DUT model under consideration seems to have a problem with multiple connect disconnect cycles. We recommend a DUT reboot before each measurement.
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		-79.5		-99.42		23.48								-78.5		-96.56		22.89						-69.5		-86.76		28.35

		-80		-99.92		19.11								-79		-97.06		19.15						-70		-87.26		27.32

		-80.5		-100.42		16.57								-79.5		-97.56		15.32						-70.5		-87.76		26.76

		-81		-100.92		13.27								-80		-98.06		12.21						-71		-88.26		23.56

		-81.5		-101.42		10.22								-80.5		-98.56		8.85						-71.5		-88.76		20.59

		-82		-101.92		8.63								-81		-99.06		8.05						-72		-89.26		17.09

		-82.5		-102.42		7.78								-81.5		-99.56		7.3						-72.5		-89.76		14.99

		-83		-102.92		5.35																		-73		-90.26		11.64

																								-73.5		-90.76		8.36
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		-67		-87.92		35.027		-3.876		-66		-84.25		35.06		-6.55				-60		-77.47		33.91		-7.33

		-68		-88.92		35				-67		-85.25		35.05						-61		-78.47		33.6

		-69		-89.92		34.91				-68		-86.25		35.02						-62		-79.47		33.52

		-70		-90.92		34.65				-69		-87.25		34.95						-63		-80.47		33.11

		-71		-91.92		34.35				-70		-88.25		34.89						-64		-81.47		32.7

		-72		-92.92		33.28				-71		-89.25		34.64						-65		-82.47		32
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		-76		-96.92		21.47				-75		-93.25		29.32						-69		-86.47		26.2

		-77		-97.92		14.96				-76		-94.25		26.39						-70		-87.47		22.27

		-78		-98.92		9.418				-77		-95.25		21.53						-71		-88.47		17.94
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								Main antenna S11																						Sub antenna S11

		Frequency		S11				reject factor				power loss

		745.5		-11.5				0.0707945784				-0.3188826492

		746.5		-10.8				0.0831763771				-0.377142052

		747.5		-10.2				0.0954992586				-0.4359107282

		748.5		-9.8				0.1047128548				-0.4803765119

		749.5		-9.7				0.1071519305				-0.4922243607

		750.5		-9.38				0.1153453258				-0.5322622348

		751		-9.85				0.1035142167				-0.4745659318

		751.5		-9.3				0.1174897555				-0.5428024446

		752.5		-9.25				0.1188502227				-0.5495026422

		753.5		-9.25				0.1188502227				-0.5495026422

		754.5		-9.63				0.1088930093				-0.5007014931

		755.5		-9.6				0.1096478196				-0.5043817342

		745.5		-8				0.1584893192				-0.7494036743

		746.5		-5.65				0.2722701308				-1.3802979938

		747.5		-5.3				0.2951209227				-1.5188538024

		748.5		-5.8				0.2630267992				-1.3254830448

		749.5		-6.48				0.2249054606				-1.1064532273

		750.5		-7.35				0.1840772001				-0.8835093093

		751		-7.72				0.1690440932				-0.8042202065

		751.5		-8.35				0.1462177174				-0.6865286179

		752.5		-8.3				0.1479108388				-0.6951495901

		753.5		-6.5				0.2238721139				-1.1006671216

		754.5		-5.4				0.2884031503				-1.4776598325

		755.5		-5.5				0.2818382931				-1.4377775562
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