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1. Introduction
As part of the CTIA MOSG Inter-Lab/Inter-Technique (IL/IT) OTA Performance Comparison Testing for MIMO Devices, a testing activity has been carried out within the MOSG group, where reference antennas with known performance have been sent around to labs utilizing different methodologies for assessment of radiated performance of MIMO devices. This testing activity will soon be finalized and the participating labs are expected to submit detailed lab reports from the testing. 

Bluetest has successfully performed measurements according to the CTIA test plan [1] on all antennas for one set of reference units and results were presented in [2]. This contribution extends the analysis in [2] and provides the full lab report from Bluetest testing activity. In addition to a detailed description of the measurement setup and results from the MOSG reference antenna testing, it includes results from channel model validation as well as an analysis of measurement uncertainty sources.
2. Reference Antennas and Reference Units
The set of reference units used for the measurements presented in this contribution contained one HTC handset and one Samsung handset, as shown in Figure 1. The HTC and Samsung handset utilize LTE band 13 and band 7, respectively. Also, reference antennas for both frequency bands were provided with the handsets (Figure 2). Table I and Table II summarize the identification data for the reference units.
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Figure 1   Picture of the reference units (HTC and Samsung) used for the measurements presented in this contribution.
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Figure 2   Picture of LTE band 13 and LTE band 7 reference antennas used for the measurements presented in this contribution.

Table I   Identification data for reference unit 1.
	Reference Unit 1
	HTC

	
	
	

	Reference Unit 1 Specifications
	
	

	
	Band
	13

	
	Vendor
	HTC

	
	Model no.
	ADR6425LVW

	
	CTIA ID no.
	MOSG-RD-13-02

	
	IMEI#
	990000327075224

	
	SN
	HT18KS200012

	
	Comment
	External antenna cables provided

	Good Antenna
	
	

	
	SN
	017

	
	Rev.
	B

	
	Comment
	

	Nominal Antenna
	
	

	
	SN
	017

	
	Rev.
	B

	
	Comment
	

	Bad Antenna
	
	

	
	SN
	017

	
	Rev.
	B

	
	Comment
	


Table II   Identification data for reference unit 2.
	Reference Unit 2
	Samsung Galaxy S2 LTE

	
	
	

	Reference Unit 2 Specifications
	
	

	
	Band
	7

	
	Vendor
	Samsung

	
	Model no.
	GT-I9210

	
	CTIA ID no.
	MOSG-RD-07-05

	
	IMEI#
	357807/04/021684/5

	
	SN
	R31C40D692F

	
	Comment
	Fixed antenna connectors attached to the handset.

	Good Antenna
	
	

	
	SN
	017

	
	Rev.
	B

	
	Comment
	

	Nominal Antenna
	
	

	
	SN
	017

	
	Rev.
	B

	
	Comment
	


3. Measurement Setup and Procedure
CTIA MOSG has provided a test plan for the Inter-Lab/Inter-Technique MIMO OTA Performance Comparison Testing. For the measurements presented in this contribution, revision 4 of the test plan was used [1], thus employing the approach and settings specified in that revision.

This section summarizes the settings used and describes implementation specific details. A summary of identification data for the equipment utilized can be found in Table III.

3.1 Radiated Measurement Setup

The radiated measurements presented in this contribution have been performed with a reverberation chamber and a reverberation chamber combined with a channel emulator. These setups can be studied in Figure 3. In particular, the Bluetest RTS60 reverberation chamber, Rohde&Schwarz CMW500 base station simulator and Spirent SR5500 channel emulator have been utilized. The setup utilizing the reverberation chamber only enables testing with the NIST channel model, for which the reverberation chamber is tuned to an RMS delay spread of 80 ns. The physical measurement antennas of the reverberation chamber were orthogonally polarized broadband monopole antennas mounted on a ground plane.

The setup utilizing a reverberation chamber combined with a channel emulator enables testing with the SCME UMi and UMa channel models. The channel models programmed to the channel emulator were the ideal SCME UMi and UMa channel models, i.e. the channel models defined in the test plan [1]. Also, the channel emulator was setup with the base station antenna configuration described in [1]. Using the geometric channel model implementation inherently produces correlated base station antennas with different degree of correlation for the UMi and UMa channel models. The spatial information of the channel model will affect the overall correlation of the channel. However, the spatial distribution of the signal at the device location will be isotropic in average.
In addition to the settings specified in the test plan, additional test cases were produced to further extend the analysis. For example, measurements were performed with the cross-coupling between the two signal paths disabled, which produced a test case with low base station antenna correlation.
For the measurements utilizing a reverberation chamber combined with a channel emulator, the reverberation chamber was tuned to an inherent RMS delay spread of 80 ns. This delay spread will be convolved with the delay spread of the channel model introduced by the channel emulator. As for the reverberation chamber only setup, the physical measurement antennas of the reverberation chamber were orthogonally polarized broadband monopole antennas mounted on a ground plane.
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Figure 3   Schematic figures of the measurement setups for the reverberation chamber (top) and the reverberation chamber combined with a channel emulator (bottom) for radiated measurements.

Table III   Identification data for the equipment utilized during the MOSG reference antenna testing activity.
	Methodology
	Reverberation Chamber

	
	
	

	Reverberation Chamber Specifications
	
	

	
	Vendor
	Bluetest

	
	Model no.
	RTS60

	
	SN
	001-A-056

	
	SW version
	1.10

	eNodeB Specifications
	
	

	
	Vendor
	R&S

	
	Model no.
	CMW500

	
	SN
	1201.002K50-103941-YR

	
	FW version
	3.0.10 (base), 3.0.20.7 beta (LTE)

	Channel Emulator Specifications
	
	

	
	
	

	
	Vendor
	Spirent

	
	Model no.
	SR5500M

	
	SN
	WCE310Y5

	
	SW version
	3.50

	
	FW version
	3.50


3.2 Conducted Measurement Setup

As specified in the test plan, conducted measurements have also been performed using the ideal channel models. The channel models used for the conducted measurements were thus the same channel models as programmed to the channel emulator for the radiated measurements, without the additional effects introduced by the reverberation chamber (e.g. the inherent 80 ns RMS delay spread). The conducted measurements were performed without adding the spatial filter corresponding to the reference antenna patterns. All the conducted measurements have been performed in a shielded environment, as suggested in [2].

In addition to the settings specified in the test plan, additional test cases were produced to further extend the analysis. Measurements were performed with parallel base station antennas with a 10 lambda separations, as well as with disabling the cross-coupling between the two signal paths. Both of these cases will produce lower base station antenna correlation.

3.3 eNodeB Settings

The eNodeB settings used for the measurements of the reference antennas align with the settings specified in the MOSG test plan [1] for the various transmission modes and reference channels. In order to reduce uncertainties associated with the parameter setting, the configuration files provided by R&S were recalled before starting a measurement. Moreover, 40 000 subframes were transmitted for each SNR level.

3.4 SNR Implementation

In order to achieve the SNR conditions specified for the different tests cases, AWGN was added to the signal using the channel emulator (see Figure 4). AWGN was added to the signal after the channel emulator fading and before the signal was fed to the measurement antennas of the reverberation chamber. Thus, the SNR level was defined at the output ports of the channel emulator and based on the average output signal level from the channel emulator. The inherent noise level of the DUT itself was assumed to be negligible. When decreasing the SNR, the AWGN level was kept constant and the signal level was decreased.

The start SNR levels were aligned with the test plan for each modulation (25, 15 and 10 dB for OLSM 64-QAM, OLSM 16-QAM and TD 16-QAM, respectively), however, in some cases a higher start SNR (and power) level was used. Some tests were also performed without adding external AWGN and where the SNR levels were defined by the signal level and the internal noise level of the DUT.
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Figure 4   Schematic figure of the measurement setup for conducted (top) and radiated (bottom) measurements showing the addition of AWGN to the signal.

4. Results
This section presents conducted and radiated results from measurements using the HTC and the Samsung handsets with the corresponding set of reference antennas (Good, Nominal and Bad for the HTC unit, as well as Good and Nominal for the Samsung unit). Measurements have been performed with all the transmission modes and reference channels specified in the test plan (OLSM R.35, OLSM R.11 and TD R.11).

The results presented in this section have been acquired with setups and settings aligning with the specifications in the MOSG test plan [1]. In addition, measurements with settings deviating from the test plan have also been performed, in order to gain further understanding of specific issues experienced with these settings. If nothing else is stated, the measurements have been performed with settings aligning with the test plan.

The raw data for the results presented in this section is given in the embedded spreadsheets below.
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4.1 HTC

This section presents results for the HTC handset.

4.1.1 Conducted MIMO Performance Without Channel Impairments
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Figure 5   Results from conducted measurements of the HTC unit using no channel model impairments and with the spatial channel propagation matrix activated in the eNodeB.

4.1.2 Conducted Baseline MIMO Performance With Channel Impairments

4.1.2.1 Open-Loop Spatial Multiplexing (TM3), 64-QAM

[image: image9.png]Throughput [kBit/s]

35000

30000

25000

20000

15000

10000

5000

HTC, OLSM, R.35

10

15 20 25 30
SNR(dB)

35

=0—HTCUmi-No1l
=@-HTCUmi- No2
=&—HTCUma-No1l
=¥®—HTCUma-No2





Figure 6   Comparison of conducted results for OLSM 64-QAM between UMi and UMa channel models for the HTC unit. 
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Figure 7   Comparison of conducted results for OLSM 64-QAM between UMi and UMa channel models for the HTC unit, using parallel base station antennas. The base station antenna spacing is 10 lambda.
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Figure 8   Comparison of conducted results for OLSM 64-QAM between UMi and UMa channel models for the HTC unit, using no cross-coupling. 

4.1.2.2 Open-Loop Spatial Multiplexing (TM3), 16-QAM
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Figure 9   Comparison of conducted results for OLSM 16-QAM between UMi and UMa channel models for the HTC unit. 

[image: image13.png]Throughput [kBit/s]

25000

20000

15000

10000

5000

HTC, OLSM, R.11, BS Ant Parallell

f =@—HTCUmi-No1

=@~ HTCUma-No 1
} =&~ HTCUma-No 2

5 10 15 20 25 30
SNR(dB)





Figure 10   Comparison of conducted results for OLSM 16-QAM between UMi and UMa channel models for the HTC unit, using parallel base station antennas. The base station antenna spacing is 10 lambda.
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Figure 11   Comparison of conducted results for OLSM 16-QAM between UMi and UMa channel models for the HTC unit, using no cross-coupling.

4.1.2.3 Transmit Diversity, (TM2), 16-QAM

[image: image15.png]12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

Throughput [kBit/s]

HTC, TD, R.11

10
SNR(dB)

15

=@—HTC Umi
=@-HTCUma





Figure 12   Comparison of conducted results for TD 16-QAM between UMi and UMa channel models for the HTC unit. 

4.1.3 Radiated MIMO Performance
4.1.3.1 Open-Loop Spatial Multiplexing (TM3), 64-QAM, NIST

[image: image16.png]Throughput [kBit/s]

HTC, OLSM, R.35, NIST

35000
30000
25000
—&— CTIA Good
20000 ~&- CTIA Good
=g~ CTIA Nominal
15000
=~ CTIA Nominal
10000 ——CTIA Bad
=@~ CTIA Bad
5000
0 T T
0 10 15 20 25 30 35

SNR[dB]





Figure 13   Comparison of radiated results for OLSM 64-QAM between Good, Nominal and Bad antennas for the HTC handset using the NIST channel model.
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Figure 14   Comparison of radiated results for OLSM 64-QAM between Good, Nominal and Bad antennas for the HTC handset using the NIST channel model and no external AWGN.

4.1.3.2 Open-Loop Spatial Multiplexing (TM3), 64-QAM, SCME UMi
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Figure 15   Comparison of radiated results for OLSM 64-QAM between Good, Nominal and Bad antennas for the HTC handset using the UMi channel model.
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Figure 16   Comparison of radiated results for OLSM 64-QAM between Good, Nominal and Bad antennas for the HTC handset using the UMi channel model and no cross-coupling.

4.1.3.3 Open-Loop Spatial Multiplexing (TM3), 64-QAM, SCME UMa
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Figure 17   Comparison of radiated results for OLSM 64-QAM between Good, Nominal and Bad antennas for the HTC handset using the UMa channel model with cross-polarized, as well as parallel, base station antennas. For the case with parallel base station antennas a 10 lambda separation is used.
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Figure 18   Comparison of radiated results for OLSM 64-QAM between Good, Nominal and Bad antennas for the HTC handset using the UMa channel model and no cross-coupling.

4.1.3.4 Open-Loop Spatial Multiplexing (TM3), 16-QAM, NIST
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Figure 19   Comparison of radiated results for OLSM 16-QAM between Good, Nominal and Bad antennas for the HTC handset using the NIST channel model.
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Figure 20   Comparison of radiated results for OLSM 16-QAM between Good, Nominal and Bad antennas for the HTC handset using the NIST channel model and no external AWGN.

4.1.3.5 Open-Loop Spatial Multiplexing (TM3), 16-QAM, UMi
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Figure 21   Comparison of radiated results for OLSM 16-QAM between Good, Nominal and Bad antennas for the HTC handset using the UMi channel model.
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Figure 22   Comparison of radiated results for OLSM 16-QAM between Good, Nominal and Bad antennas for the HTC handset using the UMi channel model and no cross-coupling.
4.1.3.6 Open-Loop Spatial Multiplexing (TM3), 16-QAM, UMa
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Figure 23   Comparison of radiated results for OLSM 16-QAM between Good, Nominal and Bad antennas for the HTC handset using the UMa channel model.
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Figure 24   Comparison of radiated results for OLSM 16-QAM between Good, Nominal and Bad antennas for the HTC handset using the UMa channel model and no cross-coupling.

4.1.3.7 Transmit Diversity (TM2), 16-QAM, UMi
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Figure 25   Comparison of radiated results for TD 16-QAM between Good, Nominal and Bad antennas for the HTC handset using the UMi channel model.

4.1.3.8 Transmit Diversity (TM2), 16-QAM, UMa
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Figure 26   Comparison of radiated results for TD 16-QAM between Good, Nominal and Bad antennas for the HTC handset using the UMa channel model.

4.2 Samsung

4.2.1 Conducted MIMO Performance Without Channel Impairments
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Figure 27   Results from conducted measurements of the Samsung unit using no channel model impairments and with the spatial channel propagation matrix activated in the eNodeB.

4.2.2 Conducted Baseline MIMO Performance With Channel Impairments

4.2.2.1 Open-Loop Spatial Multiplexing (TM3), 64-QAM
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Figure 28   Comparison of conducted results for OLSM 64-QAM between UMi and UMa channel models for the Samsung unit. 
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Figure 29   Comparison of conducted results for OLSM 64-QAM between UMi and UMa channel models for the Samsung unit using parallel base station antennas. The base station antenna separation is 10 lambda. 

4.2.2.2 Open-Loop Spatial Multiplexing (TM3), 16-QAM
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Figure 30   Comparison of conducted results for OLSM 16-QAM between UMi and UMa channel models for the Samsung unit. 

4.2.2.3 Transmit Diversity (TM2), 16-QAM
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Figure 31   Comparison of conducted results for TD 16-QAM between UMi and UMa channel models for the Samsung unit. 

4.2.3 Radiated MIMO Performance
4.2.3.1 Open-Loop Spatial Multiplexing (TM3), 64-QAM, SCME UMi
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Figure 32   Comparison of radiated results for OLSM 64-QAM between Good, Nominal and Bad antennas for the Samsung handset using the UMi channel model.

4.2.3.2 Open-Loop Spatial Multiplexing (TM3), 64-QAM, SCME UMa
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Figure 33   Comparison of radiated results for OLSM 64-QAM between Good, Nominal and Bad antennas for the Samsung handset using the UMa channel model.

4.2.3.3 Open-Loop Spatial Multiplexing (TM3), 16-QAM, UMi
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Figure 34   Comparison of radiated results for OLSM 16-QAM between Good, Nominal and Bad antennas for the Samsung handset using the UMi channel model.

4.2.3.4 Open-Loop Spatial Multiplexing (TM3), 16-QAM, UMa
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Figure 35   Comparison of radiated results for OLSM 16-QAM between Good, Nominal and Bad antennas for the Samsung handset using the UMa channel model.

4.2.3.5 Transmit Diversity (TM2), 16-QAM, UMi
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Figure 36   Comparison of radiated results for TD 16-QAM between Good, Nominal and Bad antennas for the Samsung handset using the UMi channel model.

4.2.3.6 Transmit Diversity (TM2), 16-QAM, UMa
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Figure 37   Comparison of radiated results for TD 16-QAM between Good, Nominal and Bad antennas for the Samsung handset using the UMa channel model.

5. Result Analysis

Based on the results presented in the former section, a number of important observations can be highlighted.

· Possible to rank antennas with NIST channel model. It is possible to rank the Good and Bad MOSG reference antennas in the expected way using the NIST channel model (reverberation chamber alone). The performance of the Nominal antenna is close to the Good antenna performance, even though a small shift towards worse performance can be noticed for the OLSM 64-QAM case. This small difference is expected, since the correlation difference between the Good and the Nominal antennas is small and the correlation is relatively low for both antennas.

When no AWGN is added, thus including the efficiency of the antennas in the overall performance evaluation, the performance difference between the antennas is larger. In this case, the expected ranking of the antennas is clearer.

· Good repeatability of NIST channel model. The repeatability of the NIST channel model is within +/- 0.3 dB. This is in line with former conclusions, e.g. in [3] and [4].

· Repeatability issue of conducted UMi and UMa channel models when using correlated base station antennas. The repeatability of conducted measurements using UMi and UMa channel models is worse than expected. This is valid when using the HTC handset, as well as when using the Samsung handset. This repeatability issue is more apparent for severe channel conditions, e.g., when increasing the correlation of the base station antennas. The repeatability becomes better when changing the bases station antenna configuration to parallel dipoles with 10 lambda separation and is not at all observed when removing the cross-coupling (corresponding to decreasing the base station antenna correlation). 

The reason for this repeatability issue has not yet been understood. It might be related to the channel model implementation or instabilities of the device at severe channel conditions. Since the repeatability issue of course also transfers to the radiated measurements, further analysis is highly prioritized in order to be able to draw any final conclusions concerning the antenna ranking or the relative performance difference when using UMi and UMa channel models. 

· Ranking of antennas when using SCME UMi and UMa channel models. Despite the repeatability issue highlighted above it is possible to indicate the expected ranking of the antennas to some extent when using UMi and UMa channel models. In particular, when using no cross coupling the ranking of the antennas and the relative difference between them are closer to what is observed when using the NIST channel model. However, as stated above, the repeatability issue makes it impossible to draw any final conclusions. There might be instances where variations in performance give unexpected ranking.

· UMi and UMa channel models without base station antenna correlation give similar performance and are closer to the NIST model. When reducing the base station antenna correlation by disabling cross-coupling, the UMi and UMa channel models give very similar performance. Also, as mentioned above, the measured performance in this case is closer to what is observed for the NIST channel model.
· Small difference between the antennas when using external AWGN. As mentioned above, the relative difference observed between the antennas when using external AWGN is smaller than when no external AWGN is added to the signal. In particular, it is noted that the throughput performance measured for the Good and Nominal antennas in many cases are aligning within the uncertainty limits of the test setup. This is expected, since with the present SNR levels the efficiency is not taken into account (other than a possible gain imbalance) and the correlation values for the Good and Nominal antennas are relatively low. 
· Smaller difference between antennas for lower modulations and the TD case. For OLSM, it is observed that the lower the modulation, the smaller the difference between the antennas. For the TD case, there is more or less no difference observed between the Good and Nominal antennas. This is valid for NIST, as well as UMi and UMa channel models.

· Base station antenna configuration specified in the test plan not possible to use. When using the geometric channel model implementation to set up the ideal UMi and UMa channel models solely with the channel emulator it is not possible to implement uncorrelated base station antennas with the “X” configuration. Using the “X” configuration will inherently give different degree of correlation between the base station antennas for different channel models and this correlation cannot be disabled.


6. Verification of Channel Model Implementations

This section presents results from channel model validation measurements for the NIST, UMi and UMa channel models. The setups and settings in Appendix A of the test plan [1] has been used as far as possible, but some modifications were needed to adjust methodology specific details and instrument settings to align with the reverberation chamber implementation and the instrumentation used for the measurements.
6.1 PDP

6.1.1 Method of Measurement

A VNA and a test antenna placed at the DUT location was utilized to measure the frequency data used for the PDP calculation for two different setups. In the first setup the VNA was directly connected to the reverberation chamber, enabling characterization of the NIST channel model PDP. For the second setup the VNA signal was fed to the reverberation chamber via the channel emulator (SR5500), enabling verification of the channel model emulated by the channel emulator.

The reverberation chamber mode stirring and the channel emulator channel model were running continuously while frequency sweeps were performed with the VNA. A total of 600 frequency sweeps were recorded with 50 ms interval and the frequency step size was 0.1 MHz. The channel emulator maximum bandwidth of 26 MHz was used (with a center frequency of 751 MHz) for the reverberation chamber and channel emulator setup. For the setup utilizing the reverberation chamber only, a total bandwidth of 200 MHz was used.

6.1.2 Result Analysis
6.1.2.1 NIST

The resulting PDP in Figure 38 was obtained by taken the Fourier transform of the frequency data collected when implementing the NIST channel model. It can be observed that the PDP for linear power values of the reverberation chamber is exponential decaying. The data yields an RMS delay spread of 80 ns (+/- 5 ns).
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Figure 38   Measured PDP for the RC setup, emulating the NIST channel model.
6.1.2.2 SCME UMi
The resulting PDP in Figure 39 was obtained by taken the Fourier transform of the frequency data collected when implementing the SCME UMi channel model. The PDP for the ideal channel model can be observed in Figure 40. Comparing Figure 39 and Figure 40 it can be indicated that the peaks of the ideal channel model are received by the test antenna at the correct delay and also that the peaks are convolved with the inherent PDP of the reverberation chamber. However, due to the limited bandwidth of the channel emulator and thus limited resolution of the delay time, it is impossible to conclude exactly when the peaks of the external channel model are received by the test antenna.
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Figure 39   Measured PDP for the RC+CE setup, emulating the SCME Umi channel model. The temporal resolution is limited by the SR5500 bandwidth. Note that the power levels are not normalized, which is the case for the ideal PDP.
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Figure 40   PDP for the ideal SCME UMi channel model, as given in the test plan [1].
6.1.2.3 SCME UMa

The resulting PDP in Figure 41 was obtained by taken the Fourier transform of the frequency data collected when implementing the SCME UMa channel model. The PDP for the ideal channel model can be observed in Figure 42. Comparing Figure 41 and Figure 42 it can be indicated that the peaks of the ideal channel model are received by the test antenna at the correct delay and also that the peaks are convolved with the inherent PDP of the reverberation chamber. However, due to the limited bandwidth of the channel emulator and thus limited resolution of the delay time, it is impossible to conclude exactly when the peaks of the external channel model are received by the test antenna.
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Figure 41   Measured PDP for the RC+CE setup, emulating the SCME Uma channel model. The temporal resolution is limited by the SR5500 bandwidth. Note that the power levels are not normalized, which is the case for the ideal PDP.
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Figure 42   PDP for the ideal SCME UMa channel model, as given in the test plan [1].
6.2 Doppler/Temporal Correlation

6.2.1 Method of Measurement

A sine wave (CW, carrier wave) signal was transmitted from the signal generator (R&S CMW500). The signal was connected from the signal generator to the fading emulator (SR5500) via cables. One of the fading emulator output signals were connected the chamber measurement antennas. The measurement antennas radiated the signal over the air to the test antenna and the Doppler spectrum was measured by a spectrum analyzer.

Spectrum analyzer settings:


	Item
	Unit
	Value

	Center frequency
	MHz
	751 MHz

	Span
	Hz
	2000

	RBW
	Hz
	1

	VBW
	Hz
	1

	Number of points
	
	401

	Averaging
	
	100


6.2.2 Result Analysis
6.2.2.1 NIST

Figure 41 shows the resulting Doppler spectrum when using the reverberation chamber only setup. Only a few hertz of Doppler spread is observed, which is caused by the stirrer movement.
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Figure 41   Doppler spectrum from measurements with the NIST channel model (RC alone). The mode stirring corresponds to a few hertz of Doppler spread.  

6.2.2.2 SCME UMi

Figure 42 shows the resulting Doppler spectrum when using the RC+CE setup. As can be observed in the figure, the expected Doppler spreads are obtained for an UE speed of both 30 and 100 km/h.
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Figure 42   Doppler spectrum from measurements in SCME UMi channel model (RC+CE). The MS velocity was set to 30 km/h and 100 km/h, which corresponds to a maximum Doppler spread of ±21 Hz and ±70 Hz, respectively. This is in good agreement with the measured Doppler spectrum.
6.2.2.3 SCME UMa

Figure 43 shows the resulting Doppler spectrum when using the RC+CE setup. As can be observed in the figure, the expected Doppler spreads are obtained for an UE speed of both 30 and 100 km/h.
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Figure 43   Doppler spectrum from measurements in SCME UMa channel model (RC+CE). The MS velocity was set to 30 km/h and 100 km/h, which corresponds to a maximum Doppler spread of ±21 Hz and ±70 Hz, respectively. This is in good agreement with the measured Doppler spectrum.
6.3 Spatial Correlation
The reverberation chamber measurement procedure is based on sampling the received field at different DUT positions and the reported value will be averaged over the data samples measured at the different positions. The measurement procedure described in the test plan for validating the spatial correlation of the channel model is based on measurements at discrete test antenna positions. Thus, the validation measurement setup and procedure described in the test plan for verifying spatial correlation is a methodology specific measurement setup for the anechoic chamber based methodologies and is not applicable to the reverberation chamber methodology.
6.4 Cross-Polarization

Due the inherent properties of a well-stirred reverberation chamber there will in average be a polarization balance of the electromagnetic field incident on the DUT. This measurement checks how vertically and horizontally polarized power levels are equal in the reverberation chamber. 

6.4.1 Method of Measurement

The reverberation chamber mode stirring was running continuously while frequency sweeps were performed with the VNA. A total of 600 frequency sweep were recorded for each case. The six cases used were obtained by measuring with the reference antenna (linearly polarized discone antenna) in vertical and horizontal position for three different heights (see Figure 44).
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Figure 44   Sketch of reference antenna placed horizontally and vertically for three different heights in the RC (the intermediate 45° was not used).
6.4.2 Result Analysis

The result from these measurements can be studied in Figure 45. The difference is within the chamber uncertainty (0.5 dB) and no indication of polarization imbalance is observed.
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Figure 45   Resulting difference between measurements using the horizontal and vertical position. The difference is within the chamber uncertainty and no indication of polarization imbalance is present.
7. Uncertainty Analysis

The MOSG test plan [1] requests the labs to report uncertainty sources in the test setup used for the MOSG reference antennas testing. This section addresses this request by listing identified uncertainty contributions for the absolute data throughput test setup.

7.1 Uncertainty Budget

The uncertainty analysis in this section is based on the uncertainty analysis for TIS measurements in the 3GPP test specification TS 34.114 for TRP/TIS conformance testing [5] and modified to include specific uncertainty sources for the absolute data throughput measurement setup.
Table IV lists potential uncertainty contributions for one isolated signal path. Uncertainty contributions present in both TIS and absolute throughput measurements have been reproduced from [5], since similar measurement setups are used for TIS and absolute throughput measurements when utilizing the reverberation chamber methodology. Uncertainty contributions for additional equipment specific for absolute throughput measurements have been identified, but the estimation procedure is FFS. Since the calibration of the reverberation chamber is performed in the same way for absolute data throughput measurements as for TRP/TIS measurements, Table V is identical to the uncertainty budget for the reference measurement for TRP/TIS measurements in [5].

The calculation of the uncertainty contribution is based on the ISO Guide to the expression of uncertainty in measurement. Each individual uncertainty is expressed by its Standard Deviation (termed here as ‘standard uncertainty’) and represented by symbol U. The uncertainty contributions can be classified to two categories: Type-A uncertainties, which are statistically determined e.g. by repeated measurements, and Type-B uncertainties, which are derived from existing data e.g. data sheets. Several individual uncertainties are common in Stage 1 and Stage 2 and therefore cancel.
The procedure of forming the uncertainty budget in absolute data throughput measurement is:
1)
Compile lists of individual uncertainty contributions for absolute data throughput measurement both in Stage 1 and Stage 2.

2)
Determine the standard uncertainty of each contribution by

a)
Determining the distribution of the uncertainty (Gaussian, U-shaped, rectangular, etc.)

b)
Determining the maximum value of each uncertainty (unless the distributions is Gaussian)

c)
Calculating the standard uncertainty by dividing the uncertainty by 
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 if the distribution is U-shaped, and by 
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 if the distribution is rectangular.
3)
Convert the units into decibel, if necessary.

4)
Combine all the standard uncertainties by the Root of the Sum of the Squares (RSS) method.

5)
Combine the total uncertainties in Stage 1 and Stage 2 also by the RSS method: 
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6)
Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level: 1.96 * 
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Table IV   Uncertainty contributions in absolute data throughput measurements for one signal path.
	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT measurement

	1)
Mismatch of transmitter chain (i.e. between fixed measurement antenna and base station simulator) 
	E.1-E.2 in [5]

	2)
Insertion loss of transmitter chain
	E.3-E.5 in [5]

	3)
Influence of the fixed measurement antenna cable
	E.6 in [5]

	4)
Uncertainty of the absolute antenna efficiency of the fixed measurement antenna
	E.7 in [5]

	5)
Base station simulator: uncertainty of the absolute output level
	E.17 in [5] or cancelled by channel emulator calibration

	6)
Statistical uncertainty of BER measurement
	E.19 in [5]

	7)           Chamber statistical ripple and repeatability
	E.26.A in [5]

	8)
Additional power loss in EUT chassis
	E.26.B in [5]

	9)
DUT sensitivity drift
	E.21 in [5]

	10)
Uncertainty related to the use of the SAM phantom:


a)
uncertainty from using different types of SAM phantom


b)
simulated tissue liquid uncertainty


c)
effect of the DUT holder
	FFS

	11)
Random uncertainty (repeatability)


- positioning uncertainty of the DUT against the SAM
	E.14 in [5]

	12)         Channel emulator: uncertainty of the absolute SNR level (if present)
	FFS

	13)         Channel emulator: output SNR level stability (if present)
	FFS

	14)         Channel emulator: external amplifier mismatch (if present)
	FFS

	15)         Channel emulator: external amplifier gain uncertainty (if present)
	FFS

	Stage 2 , Calibration measurement

	16)
Uncertainty of network analyzer
	E.15 in [5]

	17)
Mismatch of receiver chain
	E.1-E.2 in [5]

	18)
Insertion loss of receiver chain
	E.3-E.5 in [5]

	19)
Mismatch in the connection of calibration antenna
	E.1 in [5]

	20)
Influence of the calibration antenna feed cable
	E.6 in [5]

	21)
Influence of the fixed measurement antenna cable
	E.6 in [5]

	22)
Uncertainty of the absolute gain of the fixed measurement antenna
	E.7 in [5]

	23)
Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	E.16 in [5]

	24)
Chamber statistical ripple and repeatability
	E.26.A in [5]


7.2 Additional Uncertainties Related to MIMO Measurements

In addition to the uncertainty contributions listed above, a number of additional aspects are needed to be considered for absolute data throughput measurements of MIMO devices. This subsection elaborates on some additional uncertainty sources identified, but further work is needed to define procedures for estimating their impact on the test result and to get a complete measurement uncertainty analysis.
7.2.1 Combined Uncertainty for Multiple Signal Paths

The uncertainty analysis in the former subsection was based on an isolated signal path. However, the overall measurement uncertainty for a MIMO channel will be a combination of the uncertainties introduced in all the signal paths. The uncertainty estimation taking into account more than one signal path is FFS.

7.2.2 Gain Imbalance

Due to the multiple signal paths used for MIMO measurements it is important to validate that no unwanted gain imbalance is introduce between the paths before feeding the signal into the chamber. Estimation of the uncertainty due to gain imbalance is FFS.

7.2.3 Distortion of Signal by Channel Emulator

Uncertainties related to unwanted distortion of the signal due to channel emulator and external amplifiers are also important to estimate. Estimation of the uncertainty related to signal distortion is FFS.

8. Conclusions

This contribution presents the full lab report from Bluetest MOSG reference antennas testing activity, as part of the Inter-Lab/Inter-Technique OTA Performance Comparison Testing for MIMO Devices. It includes results from measurements on one set of the MOSG reference antennas and units. The measurements have been performed utilizing the reverberation chamber methodology, as well as the reverberation chamber and channel emulator methodology. The test setup and procedure has been aligned with the settings and configurations specified in the MOSG test plan [1] and all the tests specified in the test plan have been carried out for both units included in the reference unit set. In addition to the tests specified in the test plan, additional channel models, configurations and settings have been employed, in order to gain further knowledge.

Based on the results it can be concluded that the NIST channel model (reverberation chamber only) gives the expected performance ranking of the reference antennas. When using external AWGN, the difference between the Good and Nominal antennas is small. One explanation could be that the addition of external AWGN reduces the effect of the antenna efficiency and since the correlation is low for these antennas, the overall throughput performance will be similar.

The use of external AWGN should be further considered by the group, since this limits the performance differences between units and also introduces additional uncertainty contributions.

Furthermore, the SCME UMi and UMa channel models also show potential of being able to rank the reference antennas in the expected way. However, the repeatability of conducted measurements when using the UMi and UMa channel models is worse than expected, as well as the ability to obtain any throughput at all using these models. It is believed that this repeatability issue is due to severe channel conditions created when using the geometric channel model implementation, since this implementation inherently produces correlated base station antennas. This is further supported by the fact that the repeatability is within expected limits when disabling cross-coupling, which corresponds to a very low correlated case.

The repeatability issue is not yet understood in detail and makes it impossible to draw any final conclusions about the ranking of and the relative difference between the reference antennas when using these channel models and correlated base station antennas. When using the SCME UMi and UMA channel models with low BS antenna correlation, the same ranking as given by the NIST channel model can be concluded. Also, the absolute levels and relative difference between the antennas become more similar for all three channel models when using low correlation.

Furthermore, the lab report presents results from channel model validation measurements. A number of channel model characteristics were addressed for the NIST channel model, as well as for the SCME UMi and UMa channel models. Expected results were obtained, even if only a limited analysis could be provided due to limitations in the instrument settings.

Finally, also an analysis of uncertainty sources in the test setup has been provided. It is advised that the group elaborate on this uncertainty analysis and also define procedures for estimating uncertainty contributions specifically related to the absolute data throughout measurement setup.

All in all it can be concluded that the methodology based on the reverberation chamber alone today is fulfilling the goal of being able to rank the reference units in the expected way using the current settings in the test plan. Also the UMi and UMa channel models implemented with the reverberation chamber combined with a channel emulator will give similar ranking, if the base station antenna correlation is reduced. However, the exact configurations for these channel models need additional consideration. The high accuracy observed for the reverberation chamber methodology, as well as the time effective measurement procedure and the fact that a less complex setup is utilized (implying fewer uncertainty contributions), further supports the feasibility of this methodology to be included in a future standard for assessment of radiated performance of MIMO devices.
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HTC Bad

		OLSM, 64 QAM, NIST		No 1								OLSM, 64 QAM, NIST		No 2										OLSM, 64 QAM, UMi		No 1								OLSM, 64 QAM, UMi		No 2								OLSM, 64 QAM, UMi		No 3								OLSM, 64 QAM, UMi		CC Off No 1								OLSM, 64 QAM, UMi		CC Off No 2										OLSM, 64 QAM, Uma		No 1								OLSM, 64 QAM, Uma		BS Ant Parallell No 1								OLSM, 64 QAM, Uma		BS Ant Parallell No 2								OLSM, 64 QAM, UMa		CC Off No 1								OLSM, 64 QAM, UMa		CC Off No 2										OLSM, 16 QAM, NIST												OLSM, 16 QAM, Umi		No 1								OLSM, 16 QAM, Umi		No 2								OLSM, 16 QAM, UMi		CC Off No 1								OLSM, 16 QAM, UMi		CC Off No 2										OLSM, 16 QAM, Uma										OLSM, 16 QAM, Uma		CC Off										TD, 16 QAM, Umi												TD, 16 QAM, Uma
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		eNodeB emul.		CMW500								eNodeB emul.		CMW500										eNodeB emul.		CMW500								eNodeB emul.		CMW500								eNodeB emul.		CMW500								eNodeB emul.		CMW500								eNodeB emul.		CMW500										eNodeB emul.		CMW500								eNodeB emul.		CMW500								eNodeB emul.		CMW500								eNodeB emul.		CMW500								eNodeB emul.		CMW500										eNodeB emul.		CMW500										eNodeB emul.		CMW500								eNodeB emul.		CMW500								eNodeB emul.		CMW500								eNodeB emul.		CMW500										eNodeB emul.		CMW500								eNodeB emul.		CMW500										eNodeB emul.		CMW500										eNodeB emul.		CMW500

		eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta								eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta								eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta								eNodeB emul. ver		3.0.20.7		Beta								eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta								eNodeB emul. ver		3.0.20.7		Beta						eNodeB emul. ver		3.0.20.7		Beta								eNodeB emul. ver		3.0.20.7		Beta								eNodeB emul. ver		3.0.20.7		Beta

		eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4										eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4										eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4										eNodeB ant config		According to section 3.3 in MOSG120521R4										eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4										eNodeB ant config		According to section 3.3 in MOSG120521R4								eNodeB ant config		According to section 3.3 in MOSG120521R4										eNodeB ant config		According to section 3.3 in MOSG120521R4										eNodeB ant config		According to section 3.3 in MOSG120521R4

		eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4										eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4										eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4										eNodeB PHY config		Table 3.1.1 in MOSG120521R4										eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4										eNodeB PHY config		Table 3.1.1 in MOSG120521R4								eNodeB PHY config		Table 3.1.1 in MOSG120521R4										eNodeB PHY config		Table 3.1.2 in MOSG120521R4										eNodeB PHY config		Table 3.1.2 in MOSG120521R4
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		UL channel		23230								UL channel		23230										UL channel		23230								UL channel		23230								UL channel		23230								UL channel		23230								UL channel		23230										UL channel		23230								UL channel		23230								UL channel		23230								UL channel		23230								UL channel		23230										UL channel		23230										UL channel		23230								UL channel		23230								UL channel		23230								UL channel		23230										UL channel		23230								UL channel		23230										UL channel		23230										UL channel		23230

		RMC		R. 35 FDD								RMC		R. 35 FDD										RMC		R. 35 FDD								RMC		R. 35 FDD								RMC		R. 35 FDD								RMC		R. 35 FDD								RMC		R. 35 FDD										RMC		R. 35 FDD								RMC		R. 35 FDD								RMC		R. 35 FDD								RMC		R. 35 FDD								RMC		R. 35 FDD										RMC		R. 11 FDD										RMC		R. 11 FDD								RMC		R. 11 FDD								RMC		R. 11 FDD								RMC		R. 11 FDD										RMC		R. 11 FDD								RMC		R. 11 FDD										RMC		R. 11 FDD										RMC		R. 11 FDD

		Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000										Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000										Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000										Num subframes per SNR pt		40 000										Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000										Num subframes per SNR pt		40 000								Num subframes per SNR pt		40 000										Num subframes per SNR pt		40 000										Num subframes per SNR pt		40 000
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		Channel emul. ver		3.50								Channel emul. ver		3.50										Channel emul. ver		3.50								Channel emul. ver		3.50								Channel emul. ver		3.50								Channel emul. ver		3.50								Channel emul. ver		3.50										Channel emul. ver		3.50								Channel emul. ver		3.50								Channel emul. ver		3.50								Channel emul. ver		3.50								Channel emul. ver		3.50										Channel emul. ver		3.50										Channel emul. ver		3.50								Channel emul. ver		3.50								Channel emul. ver		3.50								Channel emul. ver		3.50										Channel emul. ver		3.50								Channel emul. ver		3.50										Channel emul. ver		3.50										Channel emul. ver		3.50

		Channel model config		N/A								Channel model config		N/A										Channel model config		Table 3.2.1 in MOSG120521R4								Channel model config		Table 3.2.1 in MOSG120521R4								Channel model config		Table 3.2.1 in MOSG120521R4								Channel model config		Table 3.2.1 in MOSG120521R4								Channel model config		Table 3.2.1 in MOSG120521R4										Channel model config		Table 3.2.2 in MOSG120521R4								Channel model config		Table 3.2.2 in MOSG120521R4								Channel model config		Table 3.2.2 in MOSG120521R4								Channel model config		Table 3.2.2 in MOSG120521R4								Channel model config		Table 3.2.2 in MOSG120521R4										Channel model config		N/A										Channel model config		Table 3.2.1 in MOSG120521R4								Channel model config		Table 3.2.1 in MOSG120521R4								Channel model config		Table 3.2.1 in MOSG120521R4								Channel model config		Table 3.2.1 in MOSG120521R4										Channel model config		Table 3.2.2 in MOSG120521R4								Channel model config		Table 3.2.2 in MOSG120521R4										Channel model config		Table 3.2.1 in MOSG120521R4										Channel model config		Table 3.2.2 in MOSG120521R4

		Channel model		NIST								Channel model		NIST										Channel model		Umi								Channel model		Umi								Channel model		Umi								Channel model		Umi								Channel model		Umi										Channel model		Uma								Channel model		Uma								Channel model		Uma								Channel model		Uma								Channel model		Uma										Channel model		NIST										Channel model		Umi								Channel model		Umi								Channel model		Umi								Channel model		Umi										Channel model		Uma								Channel model		Uma										Channel model		Umi										Channel model		Uma

		Emul. veh. speed		N/A								Emul. veh. speed		N/A										Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h										Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h										Emul. veh. speed		N/A										Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h										Emul. veh. speed		30 km/h								Emul. veh. speed		30 km/h										Emul. veh. speed		30 km/h										Emul. veh. speed		30 km/h

		UE mfg		HTC								UE mfg		HTC										UE mfg		HTC								UE mfg		HTC								UE mfg		HTC								UE mfg		HTC								UE mfg		HTC										UE mfg		HTC								UE mfg		HTC								UE mfg		HTC								UE mfg		HTC								UE mfg		HTC										UE mfg		HTC										UE mfg		HTC								UE mfg		HTC								UE mfg		HTC								UE mfg		HTC										UE mfg		HTC								UE mfg		HTC										UE mfg		HTC										UE mfg		HTC

		UE model		ADR6425LVW								UE model		ADR6425LVW										UE model		ADR6425LVW								UE model		ADR6425LVW								UE model		ADR6425LVW								UE model		ADR6425LVW								UE model		ADR6425LVW										UE model		ADR6425LVW								UE model		ADR6425LVW								UE model		ADR6425LVW								UE model		ADR6425LVW								UE model		ADR6425LVW										UE model		ADR6425LVW										UE model		ADR6425LVW								UE model		ADR6425LVW								UE model		ADR6425LVW								UE model		ADR6425LVW										UE model		ADR6425LVW								UE model		ADR6425LVW										UE model		ADR6425LVW										UE model		ADR6425LVW

		UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02										UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02										UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02										UE ID		MOSG-RD-13-02										UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02										UE ID		MOSG-RD-13-02								UE ID		MOSG-RD-13-02										UE ID		MOSG-RD-13-02										UE ID		MOSG-RD-13-02
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9432.61

9438.12

11389.57

10918.15

10914.26

11607.62

11437.2

11455.02

11652.01

11607.95

11615.72

11645.21
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CTIA Good

CTIA Good

CTIA Nominal

CTIA Nominal

CTIA Bad

CTIA Bad

SNR [dB]

Throughput [kBit/s]

HTC, OLSM, R.35, UMi, CC OFF

14180.42

7526.62

11508.37

10437.29

8355.14

100.37

21777.89

14891.36

17694.29

17629.34

13845.37

563.34

27343.39

22497.19

24555.72

22854.38

18189.73

1694.94

30910.39

27916.08

29191.84

28044

21081.22

3928.13

32232.89

31308.42

30981.73

30781.49

24053.88

7348.02

33015.17

33675.43

32302.75

32113.82

25430.5

11445.89

34134.96

34607.28

33909.62

33446.16

26224.09

15843.88

34730.28

34790.3

34312.57

34381.94

28285.57

18996.61

35053.52

34811.46

34890.67

30392.81

22342.7

30900.55

25205.16

31356.14

25645.5

27476.72

29229.72

30009.54

30838.07

32326.37

31527.36

31627.24

33008.28

33877.64

32954.65

33638.53
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CTIA Good

CTIA Good

CTIA Nominal

CTIA Bad

CTIA Bad

SNR [dB]

Throughput [kBit/s]

HTC, OLSM, R.35, UMa, CC OFF

7178.28

72.16

10792.51

895.44

15129

14421.5

610.08

18830.32

2660.74

19181.11

20738.78

2789.64

24928.66

5421.35

24618.7

27930.84

6824.04

27953.47

9019.84

25758.17

31815.67

14469.72

31013.71

13078.84

26008.1

33198.19

21726.72

32829.19

17043.86

29013.24

34617.12

27976.76

33935.21

20589.71

29269.08

34760.78

31214.12

34378.99

23451.18

30004.62

34540.37

33123.08

34768.16

25466.9

30298.34

35169.14

34579.4

34652.05

27718.3

35199.65

34969.72

35015.64

29193.31

35364.96

35143.56

35150.45

29985.92

35352.17

35161.6

30044.96

35255.08

30588.62

35345.28

31426.01

35214.08

32086.76

31818.13
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CTIA Good

CTIA Good

CTIA Nominal

CTIA Bad

CTIA Bad

SNR [dB]

Throughput [kBit/s]

HTC, OLSM, R.11, UMi, CC OFF

1871.42

6160.54

1837.4

3583.12

3102.62

5908.46

11766.06

5298.37

7482.78

7011.68

10636.6

17039.16

10390.68

12907.19

11633.54

15815.09

20334.56

15770.38

17055.04

15828.37

19956.78

22270.79

19697.9

19827.18

18818.57

22016.77

22969.01

21764.05

21377.84

20812.46

22913.6

23148.83
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CTIA Good

CTIA Nominal

CTIA Bad

SNR [dB]

Throughput [kBit/s]

HTC, OLSM, R.11, UMa, CC OFF

5247.18

6056.21

4117.07

10351.48

11011.46

7738.42

15399.4

16218.47

12955.14

19789.27

19767.89

16686.97

21808.44

21734.57

19456.52

22833.25

22695.55

21232.04

23202.29

23084.03
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22661.21
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CTIA Good

CTIA Nominal

SNR [dB]

Throughput [kBit/s]

Samsung, OLSM, R.35, UMi

0

0

0

0

10.33

0

81.18

0.98

397.54

1.97

1455.83

70.36

3553.72

275.52

6656.27

1242.3

10448.6

2876.23

14485.46

5448.41

17250.01

8700.53

20442.6

11964.46

22662.01

15266.27
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18130.2
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28939.93
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27019.66
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CTIA Good

CTIA Nominal

SNR [dB]

Throughput [kBit/s]
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CTIA Good

CTIA Nominal

SNR [dB]

Throughput [kBit/s]

Samsung, OLSM, R.11, UMi

19.44

569.92

220.64

2355.8

1544.51

6780.35

5474.63

11967.91

11915.1

16894.33

17703.04
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CTIA Good

CTIA Nominal

CTIA Nominal

SNR [dB]

Throughput [kBit/s]

Samsung, OLSM, R.11, UMa

0

6.8

223.88

0

77.44

914.65

0

478.22

2820.74

0

1732.43

5791.82

3.24

4354.88

9491.9

30.13

8432.75

12645.72

232.96

12661.92

1235.74

3740.58

7775.35
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CTIA Good

CTIA Nominal

SNR [dB]

Throughput [kBit/s]

Samsung, TD, R.11, UMi

1398.71

2.27

4274.86

19.76

7614

278.96

10212.16

1602.5

11257.38

4355.53

11582.03

7964.57
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CTIA Good

CTIA Nominal

SNR [dB]

Throughput [kBit/s]

Samsung, TD, R.11, UMa

0.32

1.3

21.38

58.64

208.98

406.94

1237.03

1653.05

3415.28

4332.2

6590.48

7265.38

9195.12

9582.62

10756.48

10893.2

11345.18

11435.58

11588.51

11614.43

11647.8

11650.72
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