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1. Introduction

A phase 3 of the IL/IT MIMO OTA testing campaign was run. For this phase, real devices were sent around to labs utilizing different MIMO OTA methodologies. This testing campaign was finalized in the end of 2013 and the results from the various labs participating in the testing campaign were expected to be provided shortly after that.

This contribution presents a comparison of the data for RC and RC+CE methodologies. This comparison will further provide support and valuable information for the on-going MIMO OTA harmonization WI.
This contribution has been made in co-operation with EMITE, a manufacturer of MIMO OTA test equipment. EMITE performed the RC and RC+CE tests.
2. Reference Devices

All measurements presented in this contribution have been performed with reference devices provided by CTIA MOSG. A set of three devices was provided by CTIA, one Samsung Galaxy S4 handset, one Samsung SGH-T779 tablet and one Motorola XT1080 handset. These devices utilize LTE FDD band 2, band 4 and band 13, respectively. Detailed information for these reference devices is given in Figure 1. EMITE and Bluetest used the same Samsung test devices. For the Motorola device, Bluetest utilized the device shown in Figure 1, whereas EMITE utilized another unit (MOSG-RD-13-04).
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Figure 1   Details of the reference devices used for the measurements in the labs utilizing the RC test methodology. All labs used the specified units in the left picture, while the device in the right picture was utilized by Bluetest only. EMITE utilized the same make and model, but another unit (MOSG-RD-13-04).
3. Measurement Setup and Procedure

The test plan for phase 3 of the Inter-Lab/Inter-Technique MIMO OTA Performance Comparison Testing is that of [1]. The approach and settings specified in this test plan were employed.

Identification data for the equipment utilized and further details of the measurement setups can be found in the various lab reports [2-3]. It is worth highlighting that Bluetest utilized a continuous stirring sequence, while EMITE utilized a stepped stirring sequence. The EMITE lab provided both the regular and downlink power inverse averaged results. In this document, the regular averaging results from EMITE have been used which corresponds to the same averaging method as used for the continuous measurements of Bluetest.

4. Results

4.1 RC Test Methodology

Figure 2 to 4 present the radiated results from measurements of the CTIA MOSG reference devices from the two RC labs. The repeated measurements were performed sequentially.

4.1.1 GS4 – NIST
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Figure 2   Comparison of results from Bluetest and EMITE for the Samsung GS4 handset. These results are obtained when emulating the NIST channel model. Three repeated measurements are shown for all labs.

4.1.2 SGH-T779 – NIST 
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Figure 3   Comparison of results from Bluetest and EMITE for the Samsung SGH-T779 Tablet. These results are obtained when emulating the NIST channel model. Three repeated measurements are shown for all labs.

4.1.3 XT1080 – NIST 
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Figure 4   Comparison of results from Bluetest and EMITE for the Motorola XT1080 handset. These results are obtained when emulating the NIST channel model. Three repeated measurements are shown for all labs.

4.2 RC+CE Test Methodology

Figure 5 to 10 present the radiated results from measurements of the CTIA MOSG reference devices from the two RC+CE labs. The repeated measurements were performed sequentially.

4.2.1 GS4 – UMi IS
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Figure 5   Comparison of results from Bluetest and EMITE for the Samsung GS4 handset. These results are obtained when emulating the UMi IS channel model. Three repeated measurements are shown for all labs.
4.2.2 GS4 – UMa IS
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Figure 6   Comparison of results from Bluetest and EMITE for the Samsung GS4 handset. These results are obtained when emulating the UMa IS channel model. Three repeated measurements are shown for all labs.
4.2.3 SGH-T779 - UMi IS
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Figure 7   Comparison of results from Bluetest and EMITE for the Samsung SGH-T779 tablet. These results are obtained when emulating the UMi IS channel model. Three repeated measurements are shown for all labs.

4.2.4 SGH-T779 - UMa IS
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Figure 8   Comparison of results from Bluetest and EMITE for the Samsung SGH-T779 tablet. These results are obtained when emulating the UMa IS channel model. Three repeated measurements are shown for all labs.

4.2.5 XT1080 - UMi IS
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Figure 9   Comparison of results from Bluetest and EMITE for the Motorola XT1080 handset. These results are obtained when emulating the UMi IS channel model. Three repeated measurements are shown for all labs.
4.2.6 XT1080 - UMa IS
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Figure 10   Comparison of results from Bluetest and EMITE for the Motorola XT1080 handset. These results are obtained when emulating the UMa IS channel model. Three repeated measurements are shown for all labs.
5. Uncertainty analysis

In order to get an understanding of the uncertainties related to measurements with the RC and RC+CE setups, the repeatability and uncertainty bounds of the results collected by the two labs is studied.

Table I   The standard deviation analysis for the RC methodology results with the NIST channel model. The power levels required to reach a throughput of 24 Mbps are used for this analysis.

	GS4 - NIST
	Meas 1 [dBm]
	Meas 2 [dBm]
	Meas 3 [dBm]
	STD [dB]

	Bluetest
	-103.8
	-103.7
	-103.8
	0.0

	EMITE
	-102.9
	-103.2
	-103.0
	0.2

	Overall STD [dB]
	0.4


	SGH-T779 – NIST
	Meas 1 [dBm]
	Meas 2 [dBm]
	Meas 3 [dBm]
	STD [dB]

	Bluetest
	-104.4
	-104.3
	-104.4
	0.1

	EMITE
	-104.5
	-105.0
	-104.6
	0.3

	Overall STD [dB]
	0.2


	XT1080 – NIST
	Meas 1 [dBm]
	Meas 2 [dBm]
	Meas 3 [dBm]
	STD [dB]

	Bluetest
	-99.3
	-99.4
	-99.3
	0.0

	EMITE
	-98.2
	-98.5
	-98.1
	0.2

	Overall STD [dB]
	0.5


Table II   The standard deviation analysis for the RC+CE methodology results with the UMi IS channel model. The power levels required to reach a throughput of 24 Mbps are used for this analysis.

	GS4 - UMi IS
	Meas 1 [dBm]
	Meas 2 [dBm]
	Meas 3 [dBm]
	STD [dB]

	Bluetest
	-102.1
	-102.2
	-102.3
	0.1

	EMITE
	-102.1
	-102.1
	-102.1
	0.0

	Overall STD [dB]
	0.1


	SGH-T779 – UMi IS
	Meas 1 [dBm]
	Meas 2 [dBm]
	Meas 3 [dBm]
	STD [dB]

	Bluetest
	-103.4
	-103.5
	-103.5
	0.1


	EMITE
	-103.1
	-103.0
	-103.1
	0.1

	Overall STD [dB]
	0.2


	XT1080 – UMi IS
	Meas 1 [dBm]
	Meas 2 [dBm]
	Meas 3 [dBm]
	STD [dB]

	Bluetest
	-96.9
	-97.2
	-97.3
	0.2

	EMITE
	-97.2
	-97.2
	-97.2
	0.0

	Overall STD [dB]
	0.2


Table III   The standard deviation analysis for the RC+CE methodology results with the UMa IS channel model. The power levels required to reach a throughput of 24 Mbps are used for this analysis.
	GS4 - UMa IS
	Meas 1 [dBm]
	Meas 2 [dBm]
	Meas 3 [dBm]
	STD [dB]

	Bluetest
	-96.7
	-96.7
	-96.7
	0.0

	EMITE
	-97.0
	-97.0
	-97.0
	0.0

	Overall STD [dB]
	0.2


	SGH-T779 – UMa IS
	Meas 1 [dBm]
	Meas 2 [dBm]
	Meas 3 [dBm]
	STD [dB]

	Bluetest
	-95.1
	-95.3
	-95.6
	0.3

	EMITE
	-95.2
	-95.2
	-95.2
	0.0

	Overall STD [dB]
	0.2


	XT1080 – UMa IS
	Meas 1 [dBm]
	Meas 2 [dBm]
	Meas 3 [dBm]
	STD [dB]

	Bluetest
	-89.2
	-89.5
	-89.6
	0.2

	EMITE
	-89.9
	-89.9
	-90.0
	0.1

	Overall STD [dB]
	0.3


6. Result analysis

Based on the results presented above, a number of important observations can be highlighted.

· Excellent intra-lab repeatability for the RC Methodology and the TM3 test scenario. It can be observed from the results that the intra-lab repeatability for the TM3 test scenario using the RC methodology falls within a maximum standard deviation of 0.3 dB. This holds true for the NIST channel model and for both labs providing repeated measurements. This is further in line with what has been observed previously in numerous contributions, e.g. [2], [6], [7], [8], [9] and [10].

· Excellent inter-lab repeatability for the RC Methodology and the TM3 test scenario. It can be observed from the results that the inter-lab repeatability for the TM3 test scenario using the RC methodology falls within a maximum standard deviation of 0.5 dB. This holds true for the NIST channel model. This is further in line with what has been observed previously, e.g. in [11].


· Excellent intra-lab repeatability for the RC+CE Methodology and the TM3 test scenario. It can be observed from the results that the intra-lab repeatability for the TM3 test scenario using the RC+CE methodology falls within a maximum standard deviation of 0.3 dB. This holds true for both the UMi IS and the UMa IS channel models and for both labs providing repeated measurements. This is further in line with what has been observed previously in numerous contributions, e.g. [2], [6], [7], [8], [9] and [10].

· Excellent inter-lab repeatability for the RC+CE Methodology and the TM3 test scenario. It can be observed from the results that the inter-lab repeatability for the TM3 test scenario using the RC+CE methodology falls within a maximum standard deviation of 0.3 dB. This holds true for both the UMi IS and the UMa IS channel models. This is further in line with what has been observed previously, e.g. in [11].


· Continuous and stepped stirring sequences provide comparable results. Due to the fact that the different labs employ different stirring sequences and the excellent repeatability observed between the labs, it can be concluded that, for the implementations and scenarios studied here, the continuous and stepped stirring sequences provide comparable results. This is in line with what was indicated also in [12].
7. Conclusions

This contribution provides a comparison of the results collected by EMITE and Bluetest using the RC and the RC+CE MIMO OTA test methodologies.

An excellent inter-lab, as well as intra-lab, repeatability and uncertainty is observed for all test scenarios studied.

From this contribution, a number of important conclusions can be drawn.

1. The reverberation chamber methodology (RC) and the reverberation chamber + channel emulator methodology (RC+CE) show sufficient inter- and intra lab repeatability for allowing this methodology to be progress into the 3GPP MIMO OTA test plan for TM3 testing.


2. The reverberation chamber methodology (RC) and the reverberation chamber + channel emulator methodology (RC+CE) show sufficiently good inter- and intra lab repeatability for TM3 testing.  Adding this to the former studies presented in e.g. [2], [6], [7], [8], [9] and [10] that further supports these conclusions, further consideration of these RC and RC+CE methodologies for TM3 testing supported by 3GPP is appropriate.


3. The continuous and the stepped stirring sequences in both RC and RC+CE methodologies provide comparable results for the implementations and scenarios studied in this contribution.
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