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1 Introduction
The purpose of this document is to provide simulation results of the LTE UE demodulation performance for the minimum test time. The simulations look at the throughput and provide information on its convergence at subframe level under different fading and radio conditions. The results and summarized information are proposed to be adopted in the next version of TS 36.521-1 [1].
2 Background
For WCDMA, the minimum test time was mostly dependent only on the speed in the fading profile [3]. For LTE, the parameter setup is much more complex and needs more dimensions. The start of this discussion was in a discussion proposing also to keep a shorter minimum test time as a goal for LTE [4].
The performance tests are determined against a throughput to the UE under different radio conditions. Due to the conditions, such as fading channels, the momentary throughput fluctuates, making very early test results statistically unreliable. To prevent these unreliable results the throughput needs to run until the fluctuation has been averaged enough compared to the test time. The averaging converges to a corridor value within +/- x% of the target value. The subframe limit for the throughput to converge is the minimum test time.
3 Parameters under investigation
The minimum test time varies according to different parameters. In these simulations, the parameters setup has been the following:
Doppler frequency in the fading profile: 5Hz, 70Hz, 300Hz

The inverse proportional relationship between Doppler frequency needs to be evaluated.

Bandwidth: 1PRB, 1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, 20MHz
Bandwidth has a straight relation to the test time and needs to be evaluated.

Propagation channel variation in delay profile: EPA, EVA, ETU

Evaluation needed to see the effect.
Propagation channel antenna correlation: Low, Medium, High
Could extend the test time and needs evaluation.
Multi antenna systems: In case of 4x2 Antenna configuration, we have 8 fading channels, more or less correlated. The 8 fading channels support each other to cancel deep fades. In an uncorrelated case the minimum test time compared to 1TX case would be reduced, but there is a possibility the channel is highly correlated. Therefore, at least medium or high correlation needs to be evaluated in comparison to the 1TX case.
The simulation parameters should be leading to the minimum requirements.
To account discontinuous transmission: The net reception time determines the minimum active test time. Simplification scaling with the ratio of DL subframes / total number of subframes in a radio frame is enough and a prolongation factor p could be used:
p = Timeslots in the frame / Timeslots in the frame, carrying data, relevant for the test.
4 Simulations

The throughput will vary momentarily according to the parameters presented in the previous chapter. The sum of received payload bits divided by the elapsed test time (accumulated throughput) will vary in the beginning of the test time and tend towards a final (constant) value. When the accumulated throughput enters to a corridor around the target value, the minimum amount of subframes needed for testing the requirement has been reached. This means the throughput has converged enough towards the target, and the amount of subframes equals to the minimum test time.

Due to the amount of combinations available in chapter 3, the simulations here have been based on the RAN4 demodulation framework for PDSCH performance. In other words, the simulations are done for each PDSCH test case in TS 36.521-1 [1]. 

The following table presents simulation results of different RAN4 demodulation scenarios from the numbering used in the RAN4 simulations and previous versions on TS 36.101 [3] and TS 36.521-1 [2]. These scenarios are mapped into current numbering used in the latest version of TS 36.521-1 [1].
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The evaluation has been done with the minimum test time in number of DL subframes reaching the final throughput within the range (i.e. corridor) of +/- 2% and +/- 1%. As a note, each test case has been evaluated with 3 different seeds, in order to reach the worst case scenario.
The target throughput of each of the test case should be either 30% or 70%. However, to speed up the simulation time, the simulations were performed at the requirement G level. So, even when the UE demodulator is based on a realistic receiver, all impairments are not taken into account. This means the corresponding relative throughput may be closer to 90%, or even 100% in some cases (marked with an asterisk in the results). Nevertheless, the simulations included 200 000 subframes for each combination.
5 Throughput Convergence Criteria

The simulation results have two corridor values, 1% and 2%. In the original assumption in earlier discussions within RAN5 the value to start the evaluations was +/-3%. 
The use of higher amount of seeds would give a better confidence on the minimum test time, but at this point 3 seeds is relatively confident amount. To accommodate this, ideally some bias could be added on the minimum number of subframes. Looking at the size of the numbers, rounding the results up to the next 1000 subframes and adding an extra bias of 1000 subframes would seem reasonable for extra confidence. 
Minimum test time with bias = CEIL(no of subframes / 1000) * 1000 + 1000

Given the results and the nature of performance tests (decision against x% of the nominal throughput), a convergence criteria of +/-2% should be used to set the minimum test time for each test case. This ensures the test purpose being tightly preserved. 
Following table contains minimum test times for +/-2% corridor including the additional bias mentioned above.
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6 Discussion and Summary
The use of 3 seeds does not contain very high statistical information, so instead using at least 10 different seeds would give more confidence on the minimum test time. Rounding the values up and using an extra bias of 1000 subframes gives more confidence on the minimum test times found in the simulations. 

An alternative is to run further simulations with more seeds and use the G level for each test case closer to the actual relative throughput target, i.e. 30% or 70%. 
The initial target of the minimum test time was to find common values that could be used for each bandwidth and Doppler frequency. These currently described as TDB in Table G.3.5 [1]. According to the simulation results presented in this document it is, however, more suitable to discuss using these biased +/-2% values with each test case and discuss on the further work, if any.
7 Proposal
The proposal is to adopt the biased +/-2% values as the minimum amount of subframes needed to be tested for each test case, as the minimum test time, and add them to the latest version of TS 36.521-1 Annex G [1].
The minimum test time should be scaled with the effect inactive test time in discontinuous transmission.

Discussion on the need for further simulations to accommodate other information needed and reliability factors mentioned in the above results, is in order. These are:

· Better confidence via additional simulations:

· Number of seeds in simulations

· Relative throughput closer to the target (i.e. 30% and 70%)

· Results in the tables marked with an asterisk due to reach of 100% relative throughput
· Need for additional combinations

· The amount of subframes required for RX tests
· TDD
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