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1. Introduction

Tdoc [1] started the debate within RAN WG5 on LTE testing and has been followed with an update in [2] and further contribution in [3] (not currently available).
Agilent supports many of the observations made by Rohde & Schwartz in [2] and has the following additional comments.

2. Promoting closer interaction between RAN WG5 and RAN WG1, 2 & 4
Many of the problems experienced during the last 7 years developing the W-CDMA conformance tests could have been alleviated with more mindshare within RAN WG1, 2 and 4 devoted to testability at the early stages of developing minimum requirements. To have avoided many of the problems outlined in [2] it is necessary to engage at a very early stage in the standards development process. The historical gap in time between system design and testing activities was too long to enable testability to be considered at the time when it should have been.

To improve things for the future it will be necessary for RAN WG2 & 4 in particular to consider the testability from the outset of all areas where they intend to specify minimum requirements. It is the case that this has not been the first priority of the other RAN WGs over the years but at the end of the day it is only once the conformance tests have been successfully passed that the job is done, and a balance needs to be struck between making progress in the core specs and the impact this has downstream in the testing process.

The question “How will we test this” needs to be constantly in the minds of those designing the system and coming up with the simulation scenarios against which so many RF test requirement are generated. The current split between RAN WG5 and the other groups does not promote this behaviour and so it may be necessary to more formally review the early drafts of the standard to consider the testability of what is being designed before it is too late to change.

The size and competence of RAN WG5 has grown considerably from the early days in 1999. The gap between the writing of the core specs and the conformance test is dropping all the time. This is therefore the ideal time to be looking for ways to engage earlier in the process for LTE.

3. Loopback

Agilent shares many of the observations in [2] regarding loopback. Indeed one of the first Agilent initiatives in T1 was to try to get ahead of the problems that plagued GSM loopback by having RAN WG2 own 34.109. This unfortunately did not have the desired effect as we see today in the difficulties with HSDPA, E-DCH and MTCH. RAN WG2 was not motivated to solve future test problems in T1/RANWG5. These problems need to be addressed at the system design stage as it is rare that elegant solutions two years down the road can be found. If the right level of loopback is designed in from the very start rather than being bolted on later we will see a much higher degree of consistency in implementation that will make testing much more streamlined.
4. Shared risk

The shared risk issue is something that should be dealt with very early on in LTE. The procedure used in GSM worked well and was simple – measurement uncertainty in the test system was bounded but not used to modify test results. The procedure used in W-CDMA was much more complicated. The difference turned on the issue as to whether performance requirements had been simulated taking into account measurement uncertainty as well as just implementation margin. It was no surprise to find that measurement uncertainty was not included in simulation (probably also the case for GSM) and rather than take the approach that the measurement uncertainties were highly likely to be uncorrelated to the device uncertainties the decision was taken to relax the minimum requirements by the new concept of test tolerance. The resulting modified performance targets were then used to compare against the unmodified measurement results and thus it could be claimed that W-CDMA adhered to the shared risk principle. The shared risk principle is that measurement results are not modified based on equipment uncertainty so the risk is shared. However, the shared risk principle was not written with the expectation that the performance goalposts would be shifted by the measurement uncertainty in lieu of modifying the measured results, and so the net effect is to shift the performance targets in favour of the device which was not the intent of the shared risk principle.
The dilemma faced here is that from a system design perspective all that matters is that the population of devices fall within acceptable limits, and thus uncorrelated measurement errors can be seen to slightly widen the distribution of products but not shift the mean. But when it comes to conformance testing we are dealing with only one product and no one wants to have their product fail a test due to limitations in the test equipment.
The recommendation from Agilent is that at the time performance targets are being set the issue of measurement uncertainty is considered. If it can reasonably be assumed that uncertainties are small and uncorrelated, they should be ignored. If uncertainties are significant then they should be accounted for and added into the implementation margin to create the minimum requirement. This then makes the task of testing much simpler. The expected test system uncertainty would still have to be documented and controlled as it is today but there would be no further modification of minimum requirements when assessing a pass or fail based on measured results. Exceptions to this can always be allowed in special cases but the general rule should be to simplify the process as was done for GSM.
5. Test effectiveness

Central to the purpose of testing is the concept of test effectiveness. This has been addressed in one sense through the expectation that a test should have at least a 95% chance of passing a good product on the margin of the minimum requirement. But the result of designing a test focussed on a pass rate at the margin of performance is that the test can often suffer by having a very low probability of failing a bad product. In order to provide an effective screen the test cannot just focus on one end of the problem. As a result of the approach used in W-CDMA there are doubtless many tests where the probability of failing a bad UE is very low indeed. Such tests add no value to the standards process.
Therefore in the future it would be pertinent to consider early on in the development of requirements and tests what the expectations are for the probability of failing non-conformant products as well as just the probability of passing good ones.

6. Open loop vs. closed loop

As far as possible testing scenarios should match the configuration used in real network operation. One recent example of where this did not happen was the performance requirements for HSDPA throughput. These are all measured using a fixed reference channel in the presence of fading with all the CQI data discarded. The result is that the instantaneous operating point is usually very much above or very much below the required SNR and the BLER results are largely a function of the fading profile. There are performance tests that have target BLER of 0.37% and 97.6% yet the HSDPA target operating point is 10%. The possibility of using variable reference channels was studied by RAN WG4 but not adopted due to the complexities of specifying the Node B behaviour and separating this from the UE behaviour. But even a simple change to the test process whereby the downlink would reconfigure to the requested CQI would have created a much more realistic scenario where the performance of the UE was much more thoroughly tested very near to normal operating conditions.
In the development of LTE it is likely that there will be more and more adaptive techniques defined in order to extract the last possible performance out of the channel It is essential that if UE are to be thoroughly tested, the scenarios in which they are tested should take into account as much as possible the closed loop conditions in which they are almost certainly going to be used in real life. Otherwise the conformance tests will fail to predict the behaviour of products in real networks.
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