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1. Introduction
An Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices was organized by CTIA MOSG and supported by 3GPP RAN4. The test plan was outlined in [1]. At the 3GPP meetings in Fukuoka [2], Barcelona [3] and Riga [4] in 2013, it was agreed that the candidate methodologies anechoic multiprobe (AC Multiprobe) and reverberation chamber using NIST (RC) and SD and LD channel models (RC+CE) fulfilled the ABCD (A: Channel model verification, B: Absolute data throughput framework, C: IL/IT results consistency, D: Uncertainty evaluation) set of pre-requisites, required before they can be considered approved as final selected methodologies for inclusion in 3GPP TR37.977. 
At the 3GPP Barcelona meeting [3], some companies indicated further harmonization across the methods fulfilling ABCD was needed. According to the latest MIMO OTA Way Forward agreed during 3GPP Plenary Meeting in Porto [5], further harmonization of these methods in order to avoid differences between the methodologies in the decision of what is a “good” or “bad” device from the radiated receiver performance perspective was agreed to be performed.
At the 3GPP Riga meeting [8], CTTC presented some harmonization efforts between AC Multiprobe, RC and RC+CE candidate methodologies. Using MIMO Throughput Sensitivity (MTS as 70% of maximum downlink theoretical throughput for the employed settings), it was demonstrated that the AC Multiprobe, RC and RC+CE candidate methodologies lead to the same decision on what is a “good” or “bad” device from the radiated receiver performance perspective, given the [+-2. 3] dB value employed at the 3GPP Barcelona meeting [3] as the baseline criteria used for consistency analysis in ABCD assessment.

The objective of this contribution is to present the results of the harmonization studies between AC Multiprobe, RC and RC+CE candidate methodologies using a recalibration of the Reverberation Chamber candidate methodologies based on the absolute data throughput results with the CTIA reference antennas.
Results show that not only AC Multiprobe, RC and RC+CE candidate methodologies lead to the same decision on what is a “good” or “bad” device from the radiated receiver performance perspective, which is the criteria stated in the way forward to consider test methods harmonized, but also that AC Multiprobe with UMI and UMA channel models, RC with NIST and RC+CE with SD and LD channel models provide the same MIMO Throughput Sensitivity (MTS) values given the [+-2. 3] dB value employed at the 3GPP Barcelona meeting [3] as the baseline criteria used for consistency analysis in ABCD assessment. 

This results in harmonized AC Multiprobe, RC and RC+CE candidate methodologies.

This work was performed in co-operation with EMITE, a manufacturer of mode-stirred reverberation chamber.
2. Test data to be studied for harmonization
The test results from ABCD assessment for all methodologies were reported in [6]. Test data finally shown to fulfil ABCD in 3GPP Fukuoka and Barcelona meetings includes AC Multiprobe results from SATIMO and Intel, RC results from EMITE and Bluetest and RC+CE results from Bluetest and Azimuth. Additional test data results from EMITE for RC+CE presented at San Francisco [7] has also been used in the harmonization analysis. It is worth mentioning that during the 3GPP meeting in Barcelona [3], a value of [+-2. 3] dB was used as the baseline for assessment of consistency. The selection of this value was based on TRS uncertainty for free space as specified in CTIA OTA test plan 3.2.1.
3. Harmonization analysis

3.1 Harmonization Method
The harmonization is based on a method to recalibrate the RC and RC+CE methods’ MTS results (MIMO Throughput Sensitivity) at 70% maximum throughput, based on the absolute throughput conducted measurements. The conducted measurements, used in the Absolute Throughput Analysis, have shown that the conducted models can accurately predict the radiated throughput for each method (part B of ABCD). The results of the absolute throughput analysis indicated that the methods understand the radiated chamber measurements for each method and this can be modelled in a conducted fashion.

The basic steps of the proposed method are:

1. Determine the average MTS for the AC method based on conducted data

2. Determine the average MTS for the RC methods based on the conducted data

3. Determine the average offset  by the difference of the AC vs RC conducted results (one value per channel model)
4. Use the offset  (one value per channel model for all labs and antennas) to scale the RC method’s radiated measurement results

5. Compare the AC method radiated  results to the RC methods recalibrated radiated results for harmonization
The deviation or offset determined in step 3 would be applied to every measurement point result for the RC or RC+CE methods. As harmonization is compared by looking at the MTS (MIMO Throughput Sensitivity) at the 70% of maximum throughput, only that point is shown in the following steps. The shapes of the curves for the results of each method and model would remain unchanged from those shown in the TR [17]. The only thing that would change would be the constant shift of the curve given by the offset from step 3.

Step 1 and 2:

The data for the absolute throughput conducted measurements is shown in table 1. The table gives the raw data results previously reported from each lab based on Method and Channel Model, for each antenna. The average result is calculated based on this data for each antenna type, based on Method and Channel Model.
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AC-MC UMI ABS COND Intel -102.26 -99.38 -93.50

Satimo -105.98 -102.43 -95.24

Average -103.73 -100.64 -94.28

AC-MC UMA ABS COND Intel -99.69 -96.26 -89.52

Satimo -100.99 -97.00 -92.00

Average -100.29 -96.61 -90.59

RC NIST ABS COND Bluetest -106.60 -103.13 -97.59

EMITE -107.01 -103.69 -98.41

Average -106.80 -103.40 -97.98

RC+CE SD ABS COND Azimuth -108.00 -105.23 -99.17

Bluetest -106.44 -103.57 -97.95

EMITE -106.98 -103.97 -97.49

Average -107.09 -104.20 -98.15

RC+CE LD ABS COND Azimuth -101.10 -98.20 -92.20

Bluetest -102.60 -99.60 -93.20

EMITE -101.99 -98.98 -92.50

Average -101.85 -98.89 -92.61

Antenna


Table 1
Absolute Data Throughput conducted data summary along with the average result for each antenna type based on Method and Model. Note the AC-MC references the AC Multiprobe method. Also note that all values in the table are power in dBm/15Hkz.

Step 3
In this step we determine the offset based on the absolute throughput conducted measurements.

The offset is based on the following:


AC-MC with UMi Model compared to RC+CE with SD Model 


AC-MC with UMa Model compared to RC+CE with LD Model


AC-MC with UMi Model compared to RC with NIST Model

The offset is calculated by subtracting the RC or RC+CE average result, from Table 1, from the AC-MC average result from Table 1 for each antenna, and then averaging the results across the antennas to obtain a single offset per channel model. The offset for each channel model is given in table 2.
[image: image2.emf]Comparison Offset Comment

AC-MC_UMI - RC_NIST 3.17 OFFSET for NIST

AC-MC_UMI - RC+CE_SD 3.59 OFFSET for SD

AC-MC_UMA - RC+CE_LD 1.95 OFFSET for LD


Table 2
Offset calculation results. Note that all values are given in dB.

Step 4

The results from table 2 are used by choosing the appropriate offset and adding this value, in dB, to the results from the radiated RC or RC+CE measurements. The raw OTA data for each lab is shown in table 3 along with the recalibrated data based on the offset from table 2.  For comparison sake, the original raw data for the reporting AC-MC methods is also shown in the table.
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AC-MC UMI OTA Intel -100.50 -99.00 -94.20

Satimo -102.80 -100.00 -94.20

AC-MC UMA OTA Intel -98.00 -96.80 -91.50

Satimo -98.00 -94.70 -89.30

RC NIST OTA Bluetest-Lab1 -107.03 -103.86 -98.71

Bluetest-Lab2 -106.85 -103.72 -98.59

EMITE -106.87 -103.68 -98.41

OTA OFFSET Bluetest-Lab1 -103.86 -100.69 -95.54

Bluetest-Lab2 -103.68 -100.55 -95.42

EMITE -103.70 -100.51 -95.24

RC+CE SD OTA Azimuth -107.17 -103.88 -96.99

Bluetest -105.05 -101.81 -95.71

EMITE -105.52 -102.25 -94.50

OTA OFFSET Azimuth -103.58 -100.29 -93.40

Bluetest -101.46 -98.22 -92.12

EMITE -101.93 -98.66 -90.91

RC+CE LD OTA Azimuth -99.90 -96.00 -90.10

Bluetest -101.80 -97.90 -91.70

EMITE -102.98 -99.34 -93.84

OTA OFFSET Azimuth -97.95 -94.05 -88.15

Bluetest -99.85 -95.95 -89.75

EMITE -101.03 -97.39 -91.89

Antenna


Table 3
Radiated test results for the AC-MC method along with the RC and RC+CE methods, with the recalibration results for the RC and RC+CE methods. Note that all values are power given in dBm/15Khz.

Step 5
The results from table 3 can be easily compared. For harmonization process, the following comparisons are made:


AC-MC with UMi Channel Model to RC with NIST Model


AC-MC with UMi Channel Model to RC+CE with SD Model


AC-MC with UMa Channel Model to RC+CE with LD Model

As is done in the TR [17] with the comparison of 2 stage method to AC, the comparison is made across all data based on model and antenna type. A spread is given that represents the maximum spread of all the data divided by 2.

Tables 4, 5 and 6 present this data summarized for the 3 comparisons.
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Intel -100.50 -99.00 -94.20

Satimo -102.80 -100.00 -94.20

Bluetest-Lab1 -103.86 -100.69 -95.54

Bluetest-Lab2 -103.68 -100.55 -95.42

EMITE -103.70 -100.51 -95.24

spread +/- 1.68 0.84 0.67


Table 4
Comparison of AC-MC UMi radiated results for each antenna with RC NIST radiated results with calibration offset applied. All lab values are power in dBm/15Khz. The spread is given in dB.
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Intel -100.50 -99.00 -94.20

Satimo -102.80 -100.00 -94.20

Azimuth -103.58 -100.29 -93.40

Bluetest -101.46 -98.22 -92.12

EMITE -101.93 -98.66 -90.91

spread +/- 1.54 1.04 1.65


Table 5
Comparison of AC-MC UMi radiated results for each antenna with RC+CE SD radiated results with calibration offset applied. All lab values are power in dBm/15Khz. The spread is given in dB.
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Intel -99.90 -96.00 -90.10

Satimo -101.80 -97.90 -91.70

Azimuth -97.95 -94.05 -88.15

Bluetest -99.85 -95.95 -89.75

EMITE -101.03 -97.39 -91.89

spread +/- 1.54 1.67 1.87


Table 6
Comparison of AC-MC UMa radiated results for each antenna with RC+CE LD radiated results with calibration offset applied. All lab values are power in dBm/15Khz. The spread is given in dB.
It can be seen from tables 4, 5 and 6 that the maximum spread for all models and antennas is +/- 1.87 dB. This value is within the limits set for harmonization: +/- 2.3 dB.
It is also noted that the results are in line with the results of comparing the 2 stage and AC methods [17], which produced a maximum deviation across all models and antennas of +/- 1.55 dB.

4. Conclusions
The objective of this contribution is to present the results of the harmonization studies between AC Multiprobe, RC and RC+CE candidate methodologies using a recalibration of the Reverberation Chamber candidate methodologies based on the absolute data throughput results with the CTIA reference antennas.

It is recognized that the AC-MC method and the RC or RC+CE methods are different in the radiated measurement. Absolute data throughput conducted verification was done and showed the absolute data throughput will be different in comparing the 2 methods.

For harmonization of the methods, a recalibration based on the absolute data throughput conducted results was done as described in the document.  A single offset, or single constant shift was found for each channel model,  based on the absolute throughput data results for all the CTIA reference antennas used. Using the recalibration offset, the comparison of the final radiated measurements between the AC-MC and RC or RC+CE methods is possible. The actual measured results using the recalibration offset shows excellent agreement in the results across the AC-MC and RC and RC+CE labs reporting results. All results were in the tolerance limits defined by the group for harmonization: +/- 2.3 dB.

This contribution has thus shown the AC-MC and RC and RC+CE methods can be harmonized using the absolute throughput framework developed by the group. 
Based on the presented analysis, it is considered that the AC Multiprobe, RC and RC+CE candidate methodologies are harmonized.
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