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1. Introduction
The HSPA throughput (TPUT) measurements were based on the test plan in [1], which is a part of the COST 2100 MIMO OTA measurement campaign. The main desired outcomes from this kind of measurement campaign are [1]:

· Practical experience of SIMO OTA measurements

· Inter/Intra-lab repeatability data for multi antenna throughput measurements

· Knowledge about the testing time
In this contribution the results obtained from the HSPA Round Robin measurements using Bluetest reverberation chambers is presented. Three devices have been measured in a few pre-defined radio environments realized in three reverberation chambers with different stirrer configurations and base station simulators. The results are compared to the results from the other participating companies in this measurement campaign, including both other reverberation chambers and other testing methodologies.
2. Test Procedure
In this article all testing was performed in reverberation chambers (RC) equipped with mode stirrers to create a statistically isotropic distribution of incoming waves. This property enables the Device-Under-Test (DUT) to be placed in any direction desirable, with the restriction that it must be placed at least 0.7 wavelengths away from any dielectric or metallic object inside the chamber. Due to lack of available MIMO equipment the measurement campaign consisted of SIMO measurements only.  

To ensure reliable results the measurements were performed in three different labs equipped with RCs with different stirrer configuration and base station simulators. There were also several measurements in the same chamber in order to investigate the intra-chamber repeatability. The following setups were used.

· Lab 1: Bluetest RTS60 with Agilent 8960 and Anritsu MT8815B
· Lab 2: Bluetest HP700 with Agilent 8960

· Lab 3: Bluetest HP700 with Anritsu MT8815B (Ericsson lab)
An Azimuth ACE-MX channel emulator was available for lab 1 and was used to achieve more advanced channel models. Combining the RC with the channel emulator enabled the use of three different radio environments; Baseline testing, SCME urban micro cell and SCME urban macro cell. Figure 1 illustrates the different measurement setups. 
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Figure 1   Baseline testing using only the RC (left) and SCME based model testing using a channel emulator (right).
Moreover, the following DUTs and setups were tested in this measurement campaign:
· Dell E6400 with built-in modem and display in 110° open position
· Nokia CS-15 external modem hosted on Dell E6400 with closed lid
In order to characterize the DUTs, the average throughput was measured over a range of downlink power levels. These downlink power levels are defined as the average power available at the DUT over a complete fading sequence. To avoid errors on the uplink during the fading sequence a stepped mode stirring was used and the DUT transmitted with maximum output power. A total of 7500 frames were measured per power level by using 50 frames for each of the 150 stirring positions. All measurements started on a power level corresponding to maximum measured TPUT, followed by 2 dB reduction steps until TPUT was close to zero or the connection was lost. 

Two parameters that were deemed to be of great importance was the choice of Fixed Reference Channel (FRC) and the number of HARQ re-transmissions. This report will present results for FRC H-set 6 (16 QAM) and H-set 3 (16 QAM) using 4 HARQ re-transmissions. For a complete list of parameters related to the tested scenarios the reader is referred to [1] and [2]. 
Baseline Testing

Using the RC alone will result in a baseline radio channel condition with an exponential decaying Power Delay Profile (PDP) – see figure 2. The chamber’s RMS delay spread was tuned to 90 ns by loading the chamber with absorbing objects. A Fast Fourier Transform of the chamber frequency response was calculated to validate the RMS delay spread to be within the acceptable ±5 ns limit.  This setup corresponds to the NIST Indoor-Urban channel model, which is based on real outdoor-to-indoor channel measurements [1].

SCME Based Models

Both SCME urban models were realized using a combination of the reverberation chamber and an Azimuth ACE-MX channel emulator. The large combined path loss required the use of an amplifier to reach signal levels high enough for maximum throughput – see right side in Figure 1. Table I shows the delay distributed taps for the urban Macro and Micro Cell. It is important to note that the RC adds a 90 ns exponential decay to each tap. This effect is clearly illustrated in Figure 2. The speed of the user in the urban models is set to 3 km/h.
Table I   Parameters for implementation of Urban Macro Cell and Urban Micro Cell in the reverberation chamber.

	Scenario
	Urban Macro
	Urban Micro

	
	(dB)
	(µs)
	(dB)
	(µs)

	Power delay parameters:

Relative path power (dB) / delay (µs)
	1
	0
	0
	0
	0

	
	2
	-2.2204
	0.3600
	-1.2661
	0.2840

	
	3
	-1.7184
	0.2527
	-2.7201
	0.2047

	
	4
	-5.1896
	1.0387
	-4.2973
	0.6623

	
	5
	-9.0516
	2.7300
	-6.0140
	0.8066

	
	6
	-12.5013
	4.5977
	-8.4306
	0.9227
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Figure 2   Power delay profile for the different radio environments.
3. Baseline Testing
This section presents results from the baseline TPUT measurements in the Bluetest RCs.
DUT Performance and Intra-Chamber Repeatability - H-set 6

Figure 3 shows a comparison between the two DUTs measured in lab 2. A difference of about 4 dB between the different DUTs is seen, which shows that it is possible to detect differences in performance of the two DUTs. The figure also shows that there is a good repeatability between consecutive measurements of the same DUT using the same setup and settings. The variation in the performance of the same DUT is smaller than between the different DUTs. CS-15 seems however to have larger variations in the power range -80 - -86 dB, which could be due to heating problems. It was observed during the measurements that this particular DUT became very warm.

Furthermore, the repeatability is also supported by figure 4, where measurements of the same DUT using the same setup and settings show a very small variation in the performance. These measurements were performed by different operators and different days.
Finally, it is important to note that the maximum TPUT was reached for E6400 for measurements in both labs. For CS-15 this is not the case, which probably is due to the instability of the DUT.
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Figure 3   The TPUT as a function of average available power for two DUTs measured in lab 2. The performance difference between the DUTs can be detected. This figure also shows the intra-chamber repeatability. Consecutive measurements of the same DUT in the same lab using the same setup and settings give similar results.
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Figure 4   Intra-chamber repeatability for lab 1. The measurements were performed by different operators and different days.
DUT Performance and Intra-Chamber Repeatability - H-set 3

The same TPUT comparison as presented above for H-set 6 was repeated for H-set 3 in lab 1. As Figure 5 shows, both the differences between the DUTs and the intra-chamber repeatability is clearly detectable. Note also that the maximum available TPUT is lower for H-set 3 and is reached for E6400.
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Figure 5   Intra-chamber comparison for H-set 3, which shows the same characteristics as for H-set 6.
Inter-Chamber Repeatability - H-set 6

Figure 6 shows an inter-chamber comparison between the DUTs measured in different labs. For E6400 the maximum difference is 2 dB, or approximately 0.7 Mbps, between labs and occasions. For CS-15 the difference is somewhat larger, which probably is due to the instability of the DUT. However, the performance of a specific DUT is still detectable.
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Figure 6   Inter-chamber comparison between lab 1 and 2 for H-set 6. The performance of a specific DUT is detectable, even though CS-15 is more unstable.
Inter-Chamber Repeatability - H-set 3

An inter-chamber comparison of the H-set 3 TPUT for lab 1 and 3 can be studied in Figure 7. As for the H-set 6 case, there is a good repeatability between lab 1 and 3. The following section will further discuss measurements in lab 3 using H-set 6.
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Figure 7   Inter-chamber comparison between lab 1 and 3 for H-set 3. As for H-set 6, the performance of a specific DUT is clearly detectable.
Differences in TPUT Value When Using Different Base Station Simulators
As mentioned above, lab 1 and lab 2 show good repeatability for the measured TPUT for H-set 6. The TPUT measured in lab 3 does not give a good agreement for H-set 6. This is clearly seen in Figure 8. Since lab 1 and 2 both uses an Agilent 8960, whereas lab 3 uses an Anritsu MT8815B, it is reasonable to believe that the difference is due to the base station simulator. This motivated a test where the measurements were repeated in the same lab with the same setup and settings, but with different base station simulators. These measurements were performed in lab 1 for H-set 3 and 6. Figure 9 and 10 shows the results from these measurements and confirms that the difference is due to the base station simulator for H-set 6. It is also seen that H-set 3 does not give this difference. Furthermore, it is of interest to mention that measurements with H-set 6, HARQ 1, were performed, which did not give any difference between base station simulators. This can be seen in figure 11, where the TPUT from measurements using different base station simulators and settings H-set6 HARQ1 is presented. The TPUT curves are very similar for both DUTs.
The differences in TPUT value might be due to different algorithm implementation in the instruments, however it is just as reasonable that the default settings were different. At the time when the measurements were performed the updated version of the test plan [1] was not available. In contrast to the old version, the updated version includes more parameters to be specified. Table II gives parameters that differed between [1] and the measurements in lab 1 for H-set 6. Some of the parameters that are specified in [1] were not found in the base station simulator used in lab 1.
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Figure 8   Comparison of the TPUT measured in different labs for H-set 6. The TPUT measured in lab 3 shows the largest deviation, which is due to a different base station simulator being used.
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Figure 9   Comparison of the TPUT measured in with different base station simulators for H-set 6. Using Anritsu MT8815B in lab 1 gives the similar TPUT as measured in lab 3 (which uses the same base station simulator). This shows that the difference is due to the base station simulator, not the specific lab.
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Figure 10   Comparison of the measured TPUT using different base station simulators for H-set 3 and 6. The difference between instruments is found for H-set 6 but not for H-set 3.
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Figure 11   Comparison of the measured TPUT using different base station simulators and the settings H-set 6 and HARQ1.

Table II   List of parameter values that differed between [1] and the measurements in lab 1 for H-set 6.
	Parameter
	Value in [1]
	Value used in the measurements in lab 1

	Inter-TTI Distance
	1
	3

	Number of HARQ Processes
	6
	2

	Mac-d PDU Size
	336
	Maximize


4. SCME Urban Models
This section presents results from the TPUT measurements using a channel emulator to achieve SCME urban channels models. First the results from measurements in the RC are presented, which is followed by a comparison between the RC and the other test methodologies.

For clarification, the following table gives the test methodologies employed by the different labs.

Table III   List of participating labs and the respective test methodologies used.
	Lab
	Test methodology

	Agilent
	Two-stage method and Multi-probe array

	Azimuth Systems
	Reverberation chamber, 30 ns RMS delay spread

	Bluetest
	Reverberation chamber, 90 ns RMS delay spread

	Emite
	Reverberation chamber, 90 ns RMS delay spread

	Nokia
	8-probe single polarized azimuth array

	Satimo
	8-probe single polarized azimuth array

	TMC
	8-probe single polarized azimuth array


Reverberation Chamber Results
The performance of the DUTs using two different channels models for H-set 3 can be studied in figure 12. The output signal from the channel emulator is amplified in order to get sufficiently high signal power at the DUT inside the chamber. The figure shows that differences between channel realizations and DUTs can be detected and that these results are repeatable.
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Figure 12   A comparison of the performance of different DUTs for two different channel models. Differences in performance between different channel models and DUTs can be detected.
Comparison with other methodologies – UMi and UMa
Figure 13 – 16 show the results from measurements using the different channel models for different test methodologies. There are a number of observations from these figures. First, few labs measured the maximum performance of the DUTs. For E6400, no labs measured the maximum TPUT. Second, the TPUT measured in the reverberation chambers at Bluetest and Emite are seen to be similar, however differing from the other test methodologies. One big difference is that the slope of the TPUT curve is steeper for measurements based on the anechoic chamber and for the RC measurements performed by Azimuth. One main factor to this difference is that the two-stage method and the 8-probe array are measuring in two dimensions only, whereas the RC measures the whole 3D environment. Also influencing the results is that the RC is adding a 90 ns delay to each tap. This delay is decreased if the chamber is loaded, which explains the difference in TPUT compared to Azimuth RC measurements.
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Figure 13   A comparison of the performance of E6400 measured in different labs using different testing methodologies for H-set 3, UMi.
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Figure 14   A comparison of the performance of CS-15 measured in different labs using different testing methodologies for H-set 3, UMi.
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Figure 15   A comparison of the performance of E6400 measured in different labs using different testing methodologies for H-set 3, UMa.
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Figure 16   A comparison of the performance of CS-15 measured in different labs using different testing methodologies for H-set 3, UMa.
Ranking of the DUTs

Based on the information in above, the DUTs can be ranked based on their performance. Table IV – VII shows this ranking. For the baseband, E6400 has a better performance than CS-15. For the more complex channel models, however, the performance of CS-15 is better than for E6400. The same result is obtained for all the test methodologies. The difference is probably due to the receiver and is not an antenna effect.
Table IV   The ranking of the DUTs based on baseband channel model and H-set 6, where 1 indicates the best performance.

	Company
	E6400
	CS-15

	Bluetest
	1
	2


Table V   The ranking of the DUTs based on baseband channel model and H-set 3, where 1 indicates the best performance.

	Company
	E6400
	CS-15

	Bluetest
	1
	2


Table VI   The ranking of the DUTs based on SCME UMi channel model and H-set 3, where 1 indicates the best performance.

	Company
	E6400
	CS-15

	Azimuth Systems
	2
	1

	Emite
	2
	1

	Bluetest
	2
	1


Table VII   The ranking of the DUTs based on SCME UMa channel model and H-set 3, where 1 indicates the best performance.

	Company
	E6400
	CS-15

	Azimuth Systems
	2
	1

	Emite
	2
	1

	Bluetest
	2
	1


5. Conclusions
This measurement campaign has resulted in a number of important observations. The reverberation chamber has been shown to produce stable results within the same chamber setup (repeatability) and agreement in results between different chambers (reproducibility). It is difficult to give a quantitative measure of these figures of merit, mainly since results have pointed towards unstable DUTs. This was also noted by Nokia in their measurement report [3], where they observed large time variant fluctuations in device sensitivity. A rough estimate based on the results are however a repeatability of 0 - 0.5 dB and a reproducibility of 0 - 2 dB. It is in general easy to distinguish performance between the two tested DUTs. Thus, the simple exponential decaying channel model obtained in the reverberation chamber can be used to separate a DUT with a good antenna performance from that with a bad antenna performance.
It has also been shown that combining a tunable reverberation chamber with a channel emulator enables the use of more advanced channel models and thus a way to test DUTs in a variety of different radio channel conditions. Results showed that E6400 performed better in baseline measurements, while CS-15 performed better when using the more complex SCME channel models. The same result was obtained by different labs using RC based methodologies. This could be a receiver performance issue to be tested in conductive measurements. Furthermore, it is difficult to compare the results obtained by the different test methodologies because of the difference in the test setup. The methods based on the anechoic chamber measures in two dimensions only, whereas the reverberation chamber uses the full 3D environment. Also, there were differences in the RMS delay spreads between the different reverberation chambers. The labs using the same setups, however, seem to have similar performance.
Moreover, baseline testing produced a radio channel where the DUTs could reach the specified upper limit in throughput while the more complex urban models lowered the maximum possible throughput. It is probable that the channel emulator combined with the 90 ns RMS delay spread of the chamber produced to harsh conditions for the receivers at the particular modulation and coding. 

Another important finding during this measurement campaign was an instrumentation issue. Initial testing in different chambers on H-set 6 produced results that seemed to differ too much. This motivated a test between Agilent 8960 and Anritsu MT8815B with the exact same baseline condition. Results seem to have good agreement except for the case of H-set 6 with 4 HARQ re-transmissions, where the throughput curves differed around 4 dB. The reason for this difference is still unknown, but it could be due to either different algorithm implementation or that important parameters were missing in the test plan available at the time when the measurements were performed. For future Round Robins, it is important to include as many parameters as possible in the test plan, as well as carefully consider the choice of FRC and HARQ re-transmissions.
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