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1.  Introduction

TR 37.901 is a Technical Report for the Application Layer Data Throughput Study Item [1]. This document discusses the test system uncertainties and test tolerances in application layer data throughput testers. This document concentrates on WCDMA system but is also applicable to LTE system. 

2. Test system uncertainties and test tolerances in conformance test systems measuring HSDPA throughput
In TS 34.121-1 applicable test system uncertainty has been specified for each test case. Test System Uncertainty is a measure how accurately tester can setup the certain parameter/signal level to the specified level. In HSDPA throughput tests the most meaningful test system uncertainties are:

1) Accuracy to setup the Ec/Ior for any downlink channel, for which the allowed test system uncertainty is ±0.1 dB
2) Accuracy to setup the Îor/Ioc ratio, for which the allowed test system uncertainty is ±0.3 dB in static conditions and ±0.6 dB in fading conditions

3) Accuracy for AWGN flatness across the minimum bandwidth, for which the allowed test system uncertainty is ±0.5 dB and the peak to average ratio at a probability of 0.001% shall exceed 10 dB
These specified test system uncertainties are very tight requirements for test systems. Typically the specified uncertainty values are the best that test system vendors can achieve when their test systems are fully calibrated. Full calibration means that each individual device, signal route and cable has to be calibrated. Hence the calibration costs take quite a big share of total costs of 3GPP compliant test systems. 
There are several reasons why 3GPP has specified very tight requirements for test system uncertainties. Some reason being highlighted below:

1) There is strong industry requirement that test systems should not PASS a bad UE.

· Loose test system uncertainties results big test tolerances. The smaller the test tolerances are the smaller is the probability that a test system passes a bad UE. (Since minimum requirements are relaxed by the amount of test tolerances there is a small chance that a bad UE passes the test thanks to relaxed test requirements but UE would fail if test tolerances were zero)
2) The tests should be as reproducible as possible

· Without accurate test system calibration the test result may change from day to day / from frequency to frequency
3) The test results should be as comparable as possible from device to device and from test system vendor to test system vendor

· All test systems should give a same PASS/FAIL verdict for one UE, and also each test system should give roughly the same actual test results (e.g., for HSDPA throughput).
Once the WCDMA RF/RRM test system uncertainties have been agreed then follows complex calculations to derive the corresponding test specific test tolerance. The test tolerance calculation takes into account how critical each parameter is on test system output. Once the test tolerance has been derived then it will be applied on top of minimum requirements specified by RAN4. This means that minimum requirements are relaxed by the amount of test tolerances so that test systems never fail a good UE. The new modified minimum requirements are called as “Test Requirements”.
Applying test tolerances on top of minimum requirements is important since minimum requirements specify absolute PASS/FAIL criteria that have been derived based on simulations assuming accurate signal levels. As an example, if minimum requirements specify 1 Mbps PASS/FAIL criteria assuming HS-PDSCH_Ec/Ior=-3 dB and Îor/Ioc ratio of 10 dB, the test requirements specify 1 Mbps PASS/ FAIL criteria but HS-PDSCH_Ec/Ior level has been increased to -2.9 dB and Îor/Ioc ratio has been also increased to 10.6 dB. Thus a test system never fails a good UE even its test system uncertainties have been the most harmful from UE point of view.
3. Test system uncertainties and test tolerances in application layer data throughput test systems
Typically application layer test data throughput test systems are much less complex compared to conformance test systems. For example, application layer throughput test system can consist of network emulator, wireless fading channel emulator, FTP/UDP server and then some control PC.  It is understood that these application layer data throughput test systems do not necessary fulfil the 3GPP test system uncertainty requirements.  Also because the lack of accurate calibration system it is not guaranteed that 3GPP test system uncertainty requirements can be fulfilled from day to day, month to month at all measured signal levels and frequencies.
The lack of tight test system uncertainty requirements in these systems is a result of the fact that there has been no need to invest a lot of money for accurate calibration system since these test systems are not used in 3GPP conformance but rather are used for R&D purposes or to compare different UEs within one system i.e., in scenarios where test system uncertainties are not so important.

RAN5 has decided that there will be no PASS/FAIL limits in any of the application layer throughput tests specified in TR 37.901. This is because there are no absolute throughput requirements specified for any test in TR 37.901. In the lack of absolute minimum requirements the test tolerances become meaningless since there is no need to make sure that a good UE fulfils a certain pre-specified throughput level despite the test system uncertainties.
However, test system uncertainties still play a big role in application layer throughput results. The tighter the uncertainty requirements are the more re-producible and comparable the results are. Hence, it would be useful if TR 37.901 specify some recommendations for test system uncertainty requirements for application layer data throughput test systems or at minimum vendors should declare the test system uncertainties that their test system can fulfil. On the other hand, the tight test system uncertainty recommendations increase the cost of application layer data throughput testers, so RAN5 should be aware of cost issue when specifying recommendations for test systems uncertainties.
4. Impact of test system uncertainties of HSDPA throughput

In this clause we demonstrate the impact of test system uncertainties on HSDPA throughput in scenarios that are planned to be used in TR 37.901. Figures 1 and 2 show the HSDPA throughput in different fading scenarios as a function of Îor/Ioc (=G) value. The nominal G value is 0 dB in Figure 1 and 10 dB in Figure 2.
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Figure 1: Impact of G on HSDPA throughput in fading scenarios when G is low
Figure 1 shows that absolute throughput can vary more than 100 kbps even when test system uncertainties for G fulfil the 3GPP requirements given in clause 2. When uncertainties of G are looser than 3GPP requirements then absolute throughput values differ more than 300 kbps.

Figure 2 shows the same phenomena when test system uncertainties are applied to area when G is high. But now when absolute throughput values are higher due to less noise in scenario (G is high) the absolute throughput values differ even more than 1 Mbps when test system uncertainty for G is ±1.5 dB. 
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Figure 2: Impact of G on HSDPA throughput in fading scenarios when G is high
Figure 3 and 4 illustrate how much uncertainty of setting the G value affects to normalised HSDPA throughput. Now from Figure 3 one can conclude that when test systems fulfil the 3GPP test system requirements given in clause 2 the normalised throughput is within 15% from the nominal throughput while with looser test system uncertainty (±1.5 dB) for G the normalised throughput is within the 30% from the nominal throughput. Figure 4 shows the same trend but now impact of test system uncertainty with high G on normalised throughput is slightly lower than with low G scenario but on the other hand it is more sensitive to fading channel profile.
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Figure 3: Impact of test system uncertainty on normalised HSDPA throughput in fading scenarios when G is low
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Figure 4: Impact of test system uncertainty on normalised HSDPA throughput in fading scenarios when G is high
It should be noted that the analysis above takes into account only one test system uncertainty parameter (G) while the HSDPA throughput is also sensitive to other test system uncertainties like accuracy of setting the Ec/Ior and flatness of AWGN. In worst case scenarios test system uncertainties can be summed up and hence the impact of all test system uncertainties on HSDPA throughput is even bigger than shown in Figures 1 to 4.
This analysis indicates that if application layer data throughput results are used to compare the performance of different UEs, as has been the desire of GCF planning to use these tests, the impact of test system uncertainties on throughput results should be taken into account. But without analysing all test system parameters and corresponding test system uncertainties it is difficult to accurately quantify the level of impact of test system uncertainties on application layer throughput. Without such an complete analysis the application layer data throughput test results are comparable only within one test system and the test results from different test systems are not comparable. It should be noted that because of these facts, the requirement of GCF for “Tested once, accepted by all” may not be fulfilled.  
5. Conclusions

In this document we have explained how test system uncertainties and test tolerances are applied in conformance tests and how they should be applied in application layer data throughput tests. We have also demonstrated the impact of test system uncertainties on HSDPA throughput by analysing just one parameter (G) out of many possible parameters.
As a summary we propose that following issues are considered to be added into TR 37.901

1) Test system uncertainty recommendations need to be added into TR 37.901 taking into account that tight test system uncertainties increase the cost of test systems

2) Test tolerances are not defined for test cases

3) The impact of test system uncertainties on application layer throughput is explained and then some guidelines are given for end-users on how they should take into account the impact on test system uncertainties on test results.
In addition we propose that RAN5 informs GCF or any other forum planning to utilise these test cases that the principle “Tested once, accepted by all” may not be fulfilled in application layer throughput tests, and feedback is requested from them. 
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