12

TSG-RAN Working Group 4 (Radio) Meeting #69
R4-135985
San Francisco, CA, US, 11 – 15 Nov, 2013
Source:

CTTC
Title:
EMITE results on LTE MIMO OTA 2013 Round Robin tests - Stage 2 SD LD
Agenda Item:
8.3
Document for:
Discussion
1. Introduction
An Inter-Lab/Inter-Technique OTA Performance Comparison Testing by CTIA MOSG and supported by 3GPP RAN4. The test plan was outlined in [1]. At TGS RAN4 WG Meeting #68-bis, results for the RC+CE with SD and LD channel models were presented by EMITE [2] from the IL/IT program. It was noted in that the Very Fast stirring mode produced some ripple in the high power part of the curves. 

The objective of this contribution is to present new results obtained by EMITE using its E400 mode-stirred reverberation chamber with the Short Delay and Long Delay Isotropic channel models in the Accurate stirring mode and to draw some conclusions for MIMO OTA compliance testing standardization. This work was made in co-operation with EMITE, a manufacturer of mode-stirred reverberation chambers.

Results are also compared to those from Bluetest and Azimuth, previously presented in [3],[4],[5]. The objective is to compare the data for the Short Delay and Long Delay channel models from 3 different vendors of reverberation chamber–based candidate methodology 2 (RC+CE), using the actual measured conducted results obtained with the absolute data throughput framework and radiated measured results in order to evaluate IL/IT consistency. Results show that existing uncertainty values for chamber variation are maintained within ±1.88 dB.

This contribution was made in co-operation with EMITE, a manufacturer of MIMO OTA test equipment
2. Reference devices
For the Stage 2 RC+CE results, the CTIA reference antennas have been used in conjunction with the CTIA test devices specified in [1] with the test pack number 5, which included the reference antenna set MOSG-RA-13-5 (Good, Nominal and Bad) and the reference device MOSG-RD-13-5 (HTC Rezound ADR6425LVW B13 LTE handset).

3. Measurement Setups and Procedure
3.1 Measurements setups

CTIA Test Plan revision 11 was employed in Stage 2 measurements [1]. For the reverberation chamber with channel emulator candidate methodology (RC+CE), an Anritsu MT8820C BSE was connected to an Spirent SR5500M channel emulator, which in turn was cascaded to an EMITE E400 mode-stirred reverberation chamber as depicted below. A pair of amplifiers (one per downlink channel) was inserted right at the input RF connectors of the E400 mode-stirred reverberation chamber, as also illustrated below. All the radiated tests were performed using step-wise stirring, wherein the throughput was sampled at each fixed stirrer position to avoid any Doppler shift. The Accurate measurement mode in E400 was employed. This implies a total of 8 source antennas, 15 different stirring positions and 25 different coupling slots, leading to a total of 3000 samples per frequency point and stirring sequence. The test system can reproduce, among other possibilities, the isotropic Short Delay (SD) and Long Delay (LD) channel model, as described by previous contributions. 

For the absolute data throughput comparison, the approach described in [6] was employed. The Spirent SR5500M channel emulator was employed to setup the conducted reference channel with the reference antenna properties accounted for (as supplied by the manufacturing lab) using the correlation-based channel model definition. The channel emulator was remotely-controlled by EMITE Graphic User Interface (GUI) software and the filter noise engine was activated for each measurement step in the step-wise stirring sequence, according to the description in [6]. The antenna correlation was implemented using the correlation matrix. The base station antennas were assumed to be uncorrelated. All taps were set to have the same correlation, as expected in a mode-stirred reverberation chamber for a well-stirred stirring sequence. The isotropic correlation values for the reference antennas were used on the receiving side. The antenna efficiency was implemented by post processing of results, using an average value of the two branches. The reference efficiency values were taken from data supplied by the manufacturing lab [7].
[image: image1.emf]DUT

2-way

RF Combiners

Tx1 Switch

1x8

Tx2 Switch

1x8

Control

PCB

Motors

Drivers

Anritsu MT8820C

BSE

Control PC

E400

Internal Cavity 

Aux

Tx1

Tx2

Amp

Amp

Spirent SR5500M

CE


Figure 1. EMITE test setup for radiated measurements using RC candidate methodology 2 (RC+CE).
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 Figure 2. EMITE test setup for conducted measurements using RC candidate methodology 2 (RC+CE).
Conducted measurements were performed with the DUT inside the mode-stirred reverberation chamber to avoid having any interference.
3.2 Channel models and Accurate mode
For the Reverberation Chamber with channel emulator candidate methodology (RC+CE), isotropic short delay (SD) with the power delay profile identical to that of the SCME UMi channel model, and isotropic long delay (LD) with the power delay profile identical to that of the SCME UMa channel model, have been employed. For these channel models, the SR5500M channel emulator was set to dual channel (no cross coupling).
Source and mode-stirring were selected for a well-stirred sequence so as to ensure validation of the SD and LD isotropic channel model described in [3]. The Accurate measurement stirring sequence mode in E400a was employed. This implies a total of 8 source antennas, 15 different stirring positions and 25 different coupling slots, leading to a total of 3000 samples per frequency point and stirring sequence.
3.3 Base Station Emulator (BSE) Settings

The Base Station Emulator (BSE) settings used for the measurements were those specified in the test plan [1]. This means transmission mode 3 (Open-Loop spatial multiplexing) with the 64QAM modulation scheme, corresponding to R.35 RMC. An Anritsu MT8820C Base Station Emulator was used for the tests. A maximum theoretical throughput of 35424 kbps was identified by the BSE and achieved in all measurements for high received signal powers.
4. Results
Both conducted and radiated test are presented in this section. Results are reported from 100% down to 70% throughput as per CTIA test plan test requirements [1]. 

4.1 Conducted Results

Conducted tests results without channel impairments and for absolute data framework comparison are illustrated in figure 4. Some repeatability tests can also be observed in figure 4 with excellent repeatability. Results are reported from 100% down to 70% throughput as per CTIA test plan test requirements.
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Figure4. Results from conducted measurements.

The MTS (downlink power at 70% of maximum throughput) for the EMITE conducted SD and LD data is summarized in Table 1 below.

Table 1. EMITE conducted SD and LD MTS data.
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4.2 Radiated Results

Radiated test results for isotropic short delay (SD) and long delay (LD) channel model implementations using the CTIA reference devices and their associated reference antennas are presented in this section. Tests have been performed for the 64QAM downlink modulation scheme and transmission modes 3 (TM3) as set in the test plan. Results are reported from 100% down to 70% throughput as per CTIA test plan test requirements.

The radiated test results for the hTC device with reverberation chamber candidate methodology 2 (RC+CE) using an MT8820C in connection to an Spirent SR5500M channel emulator in connection to an EMITE E400 MIMO Analyzer mode-stirred reverberation chamber for isotropic short delay (SD) channel model implementation are illustrated in figure 5. Similarly, the radiated test results for the hTC device with reverberation chamber candidate methodology 2 (RC+CE) using an MT8820C in connection to an Spirent SR5500M channel emulator in connection to an EMITE E400 MIMO Analyzer mode-stirred reverberation chamber for isotropic long delay (LD) channel model implementation are illustrated in figure 6. In all tests, a 100% maximum throughput was achieved. Tests were performed in Accurate mode so as to avoid any ripple in the final averaged curve.
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Figure 5. EMITE E400 RC+CE radiated SD test results for the hTC handset. Tests in Accurate mode
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Figure 6. EMITE E400 RC+CE radiated LD test results for the hTC handset. Tests in Accurate mode.
Results for SD and LD channel models are illustrated in figure 7 for comparison.
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Figure 7. EMITE E400 RC+CE radiated SD and LD test results for the hTC handset. Tests in Accurate mode.

The MTS (downlink power at 70% of maximum throughput) for the EMITE SD and LD data is summarized in Table 1 below.

Table 1. EMITE SD and LD MTS data.
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The MTS (downlink power at 70% of maximum throughput) standard deviation between conducted and radiated EMITE SD and LD data is summarized in Table 2 below.

Table 2. Conducted-Radiated MTS differences (dB).
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The good, nominal, and bad reference antennas are ranked as expected in all the measurements. Likewise, the MTS differences between the good and bad reference antennas is around 10 dB. This separation agrees with link-level simulations obtained with a geometrical channel model for the isotropic environment using SystemVue [8]. 
5. Comparison of results with data from Bluetest and Azimuth
A comparison of the above results to those provided by Bluetest in [3] and [4] and Azimuth in [5] for the Short and Long Delay Spread channel models is performed in this section. The following abbreviations are used: EM = EMITE, BT = Bluetest, AZ= Azimuth.

Figures 7 and 8 shows a comparison of conducted without channel impairments, SD and LD results, respectively. 
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Figure 7. Comparison of EMITE, Bluetest and Azimuth conducted SD results.
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Figure 8. Comparison of EMITE, Bluetest and Azimuth conducted LD results

Figures 9 and 10 show a comparison of over the air (OTA) radiated results from all 3 test labs for SD and LD, respectively.
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Figure 9. Comparison of EMITE, Bluetest and Azimuth radiated SD results.
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Figure 10. Comparison of EMITE, Bluetest and Azimuth radiated LD results.

Using the data reported by Bluetest and Azimuth in 3GPP TGS RAN4 WG Meetings #68 and #68-bis and the data from EMITE reported in this contribution, summarized in Tables 3 and 4, a deviation analysis in the power required to achieve MTS (70% throughput levels of 24.8 Mbps) between the AZ, BT and EM results is performed for SD and LD in Tables 5 and 6, respectively. The results are compared using a maximum linear deviation and standard deviation as done in [8].
Table 3. MTS power levels for EMITE, Bluetest and Azimuth SD data (dBm/15 kHz).
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Table 4. MTS power levels for EMITE, Bluetest and Azimuth LD data (dBm/15 kHz).
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Table 5. Standard deviation (STD) between MTS power levels for EMITE, Bluetest and Azimuth SD data (dB).

	
	Conducted SD

(EM,BT,AZ)

Maximum

Difference
	Conducted SD

(EM,BT,AZ)

Std Dev
	OTA SD

(EM,BT,AZ))

Maximum

Difference
	OTA SD

(EM,BT,AZ))

Std Dev

	Good
	1.56
	0.79
	2.22
	1.17

	Nominal
	1.66
	0.87
	2.07
	1.09

	Bad
	1.68
	0.87
	2.49
	1.25

	Static
	1.20
	0.54
	n/a
	n/a


Table 6. Standard deviation (STD) between MTS power levels for EMITE, Bluetest and Azimuth LD data (dB).

	
	Conducted LD

(EM,BT,AZ)

Maximum

Difference
	Conducted LD

(EM,BT,AZ)

Std Dev
	OTA LD

(EM,BT,AZ))

Maximum

Difference
	OTA LD

(EM,BT,AZ))

Std Dev

	Good
	1.50
	0.75
	3.08
	1.55

	Nominal
	1.40
	0.70
	3.34
	1.68

	Bad
	1.00
	0.61
	3.74
	1.88


In these tables, we show that the largest standard deviation within any two different measurements for the Reverberation Chamber + Channel Emulator (RC+CE) candidate methodology 2, implementing the Short Delay is 1.25 dB. The largest standard deviation within any two different measurements for the Reverberation Chamber + Channel Emulator (RC+CE) candidate methodology 2, implementing the Long Delay is 1.88 dB. Previously, the largest standard deviation within and two different measurements for the Reverberation Chamber candidate methodology 1 (RC) implementing the NIST channel model was found to be 0.7 dB [9]. This is within the CTIA TIS uncertainty limit, +/- 2.3 dB, which according to [10] is the baseline for IL/IT consistency analysis.
6. Conclusions

RC+CE conducted and radiated test results always reached 100% throughput at high signal powers.
Transmission mode 3 (TM3) seems to be a good choice for evaluating MIMO OTA performance differences between devices.

The good, nominal, and bad reference antennas are ranked as expected in all the measurements

The separation between the good and bad reference antennas is in the range from 9 dB to 11 dB for all experiments, in accordance with link-level simulations.

Results show a good agreement between different chambers from different manufacturers for reverberation chamber candidate methodology 2 (RC+CE). Both a standard deviation (STD) analysis and a linear deviation analysis between the SD and LD EMITE results presented in this contribution and results presented at 3GPP meetings from Bluetest and Azimuth were performed. Previously, the standard deviation analysis at MTS (70% of maximum throughput) values for RC SD and RC LD between Bluetest and Azimuth was reported in [11].
When the EMITE results are compared with the Bluetest and Azimuth results for the Short Delay or Long Delay Spread High Correlation channel model, the largest standard deviation between any two different measurements are less than +/- 2.3 dB and within the limits set as baseline of IL/IT consistency.

7. Appendix: Channel model validation
This appendix presents the results for the channel model validation.

7.1 Power delay profile
The Power Delay Profile was evaluated as set in the TR. Based on the measured data, the power delay profiles for SD and LD channel models depicted in figures 10 and 11 was obtained.

[image: image16.emf]
Figure 10. Power Delay Profile for the short delay channel model (SD).

[image: image17.emf]
Figure 11. Power Delay Profile for the long delay channel model (LD).

From Figures 10 and 11 we can see that both the location of the observed delay taps and their power levels agree with the theoretical channel models. 
7.2 Rayleigh Fading
Figure 12 shows a comparison between the theoretical Rayleigh fading and measured Rayleigh fading in the E400a mode-stirred reverberation chamber plus channel emulator setup to implement the SD channel model in the Accurate mode. An excellent alignment is observed.

· Max diff to theoretical +10 to -20 dB: < 1.2 dB 
· Max diff to theoretical -20 to -30 dB: < 1.1 dB 
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Figure 12. Measured Cumulative Density Function (CDF) for the implemented SD channel model in E400a mode-stirred reverberation chamber plus channel emulator in Accurate mode.

7.3 Isotropy

7.3.1 Method of Measurement

The VNA method was employed to evaluate the E400a mode-stirred reverberation chamber plus channel emulator isotropy in Accurate mode by measuring all three axis components.

7.3.2 Results
Figure 13 depicts the CDF of the anisotropy coefficients calculated from processing all three orientations. Good alignment can be observed to the reference anisotropy coefficients in 3GPP TR37.977.
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Figure 13. Measured anisotropy coefficients CDF for the implemented SD channel model in E400a mode-stirred reverberation chamber plus channel emulator in Accurate mode.
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