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Introduction:

In the following paper we repeat good and bad experiences with statistical testing in WCDMA.

From this we derive proposals and design goals for statistical testing in LTE.

If agreed, R&S would like to contribute in this area for LTE

Discussion

A statistical test is characterized by 3 parameters:
Wrong decision risk (confidence level)

Selectivity (Bad DUT factor)

Test time (fixed or average)

Wrong decision risk: in the BER tests (Receiver tests), we selected a wrong decision risk of 0.2%. In all other tests (receiver performance, RRM, AGPS) we selected 5%.

A justification for this choice cannot be found in the core specification.

There is a general problem (illustrated with the example of 0.2%)

Good DUT near the limit will fail with a probability of 0.2% in a single test.

If the test is repeated several times (e.g. 3 frequencies * 3 temperatures * 3 vibration conditions * 3 bandwidth = 81 repetitions) the good DUT at the limit will fail with a significantly higher probability than in a single test.  

Same with the bad DUT:

A bad DUT near the limit will pass with a probability of 0.2% in a single test.

If the test is repeated several times (e.g.81) the bad  DUT near the limit will pass with a significantly higher probability than in a single test.

Keeping in mind the principle: “never fail a good DUT” the problem was solved in the blocking test in 34.121by:

All passes are accepted, including the wrong passes due to statistical reasons.
A fail limit based on << 0.2% instead of 0.2% is established. That ensures that wrong fails due to statistical reasons are reduced.
This principle increases the test time.

In all other tests the problem with repeated tests was ignored.

In LTE the problem of repeated tests may increase, as the number of combinations is higher than in WCDMA.

Selectivity: A measure of the selectivity of the test is the Bad DUT Factor. The meaning is the following:
A DUT that passes is better than a Bad DUT. A DUT that fails is worse than a limit DUT. 

We selected a Bad DUT factor of 1.5. We limited the bad DUT factor of 1.5 up to nominal error ratios of 10%. Above this we reduced the Bad DUT factor.

There is no justification for the values, we selected, in the core specification.

Test time:  We designed two types of tests:

Fixed test time: this was done for the throughput tests in HSDPA:

Property: each test consumes a fixed time, independent of the quality of the DUT.

Variable test time (Early decision concept): This was applied in all other tests.
Property: a very good DUT or a very bad DUT is decided fast, faster than the fixed test time above. A marginal DUT consumes the longest test time, longer than the fixed test time above.
The reason to use two test designs is as follows:

In HSDPA the limit ranges from Error Ratio = a few % up to  Error Ratio = nearly 100 %.

From ER>10% we have a variable Bad DUT Factor. HSDPA throughput tests are run with the concept: fixed test time. This means for each limit (minimum requirement) we have to calculate one test requirement. In case of the early decision concept a long list with pass fail conditions was necessary (Example 34.171 Annex F.6.1.4). We did not spent this effort.    

Statistical independence

In order to apply standard distributions for statistical tests, it must be ensured, that the error events occur independent. 
· In most of the WCDMA tests this prerequisite is given. 
· However the BER in the receiver tests is based on channel coded/decoded bits. The error events are not independent. It was a mistake, to apply standard distributions.
· In clause 34.121 clause 8.7 the UE reports measurements. It is unknown, whether the samples in the test are independent or not. In this situation statistical independency of the samples is assumed and standard distributions are applied.
· In A-GPS Moving scenario an Periodic updating test  it was identified that error events are dependent in an unknown manner. The test avoids the application of standard distribution.  As a consequence this test has an undefined selectivity and a UE on the limit experiences a wrong decision risk 50%. 
Binomial/Poisson as standard distribution
The binomial distribution describes the probability to measure a preliminary error ratio “er” in a test comprising a limited number of samples, when the true error ratio is “ER”. The Poisson distribution is an approximation of the binomial distribution for small error ratios. 
· When the Poisson distribution is used, the resulting test time is slightly longer than the for the binomial distribution. 
· The Poisson distribution can be normalized, such that it is usable for all error ratios, as long as the error ratio is small. 
· The binomial distribution cannot be normalized. Pass fail limits must be provided for each limit. 
Minimum Test time due to fading.

Tdoc T1R020032 gave a rule for minimum test time under fading conditions. ( time to cross 990 wavelengths with the speed given in the fading profile) This rule is applied for each test under fading conditions. It turned out that nearly every test with a low speed fading profile is dominated by this test time.

(164 s minimum test time for velocity 3km/h).  

Customer risk versus supplier risk

This concept is described in 35.171 annex F.6.1.3.2.

Tests applying the Bad DUT factor for selectivity  and a wrong decision risk < 0.5

we applied the concept as follows:
a)
A measurement on the fail limit is connected with 2 equivalent statements:

	A measurement on the fail-limit shows, that the DUT is worse than the specified DUT-quality 
	A DUT, known to have the specified quality, shall be measured and decided pass



A measurement on the pass limit is connected with the complementary statements:

	A measurement on the pass limit shows, that the DUT is better than the Bad DUT-quality. 
	A DUT, known to have the Bad DUT quality, shall be measured and decided fail


The left column is used to decide the measurement.

The right column is used to verify the design of the test by simulation.
The fail decision in the first row expresses supplier risk for the specified DUT

The pass decision in the second row expresses customer risk for the specified DUT

Proposal
Wrong decision risk: 

We propose the reuse the wrong decision risk of 5% for all statsitical test.

We propose  to ignore the increase of the wrong decicion risk for repeated tests up to [50] repetitons.

For > [50] repetions we propose to ignore the increase of the false pass risk but reduce the false fail risk. This respects the principle: never fail a good DUT and increases the testtime as little as possible
Selectivity: We propose to reuse the Bad DUT Factor = 1.5

Test time:  We propose to prefer the concept of early decision.
Statistical independence:

Before designing a statistical test, we propose to check carefully, whether statistical independence is given or not or to provide for it by appropriate test conditions. 

Binomial/Poisson as standard distribution

We propose to prefer the binomial distribution.

Minimum Test time due to fading.

We propose to resume this exercise. 
The goal should be to check, whether shorter minimum test time is possible.

In addition it should be investigated, how DRX operation has an effect on the minimum test time. (See enclosure) 

Customer risk versus supplier risk

We think, this interpretation well reflects the intention of RAN4: never fail a good DUT 
Enclosure:
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Introduction
This CR introduces more accurate minimum test times under fading conditions. It is partly based on doc. T1R010191 presented by Telecom Italia inT1-RF #20 and also on Nokia and Elektrobit real time simulations.
Proposed changes and details:

The number of minimum wavelengths seems to be very small and incorrect. As a consequence the minimum testing times defined in Table F.6.1.6.2 are also very short. The minimum testing times for the last 2 profiles in the table (birth death and moving propagation) and the number of the minimum transitions to occur in the birth death propagation case, are set according to [1]. The minimum testing times of the 4 multipath profiles are set according to real time simulations by Elektrobit and Nokia (the results of which are very similar to TI's results). From those minimum testing times the minimum number of wavelengths for multipath is then derived by the Doppler formula:

Wavelengths/sec = v*f / C, 

Where:
v is the velocity of the profile




f is the channel frequency


and
C is the speed of the light
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In the BLER test with fading there is the memory of the multipath fading channel which interferes the statistical independency. Independent error events are assumed but a minimum test time is introduced to average fluctuations of the multipath fading channel.

The formulas, applied to describe the BER BLER test, are primarily  based on the following experiment: 

(1) After having observed a certain  number of errors (ne) the number of samples are counted to calculate BER BLER. Provisions are made (note 1) such that the complementary experiment is valid as well: 

(2) After a certain number of samples (ns) the number of errors, occurred, are counted to calculate BER BLER.

Experiment (1) stipulates to use the following Chi Square Distribution with degree of freedom ne: 2*dchisq(2*NE,2*ne) for all calculations.

(NE: average of the distribution)

F.6.1.5
Definition of good pass fail decision.

This is defined by the probability of wrong decision D. The probability of a correct decision is 1-D.

The probability (risk) to fail a good DUT shall be <= D according to the following definition: A DUT is failed, accepting a probability of <= D that the DUT is still better than the specified error ratio (Test requirement).

The probability to pass a bad DUT shall be <= D according to the following definition: A DUT is passed, accepting a probability of <= D that the DUT is still worse than M times the specified error ratio. (M>=1 is the bad DUT factor).

This definitions lead to an early pass and an early fail limit:

Early fail: ber>= berlimfail 
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For ne>[5]

Early pass: ber <=berlimbadpass
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For ne >=1

With 

ber (normalized BER,BLER): BER,BLER according to F.6.1.1 divided by Test requirement

D: wrong decision probability see table F.6.1.8

ne: Number of error events

M: bad DUT factor see table F.6.1.8

qchisq: inverse cumulative chi squared distribution

F.6.1.6
Good balance between testtime and statistical significance

Three independent test parameters are introduced into the test and shown in Table F.6.1.6.1. These are  the obvious basis of test time and statistical significance. From the first two of them three dependent test parameters are derived. The third independent test parameter is justified separately.

Table F.6.1.6.1 independent and dependent test parameters

	Independent test parameters
	Dependent test parameters

	Test Parameter
	Value
	Reference
	Test parameter
	Value
	Reference

	Target number of error events
	[200]
	Table F.6.1.8
	Early pass/fail condition
	curves
	Subclause F.6.1.5

Figure 6.1.9

	Probability of wrong pass/fail decision D
	[0.2%]

[0.02%]
	Subclause F.6.1.5
	Bad DUT factor M
	[1.5]
	Table 6.1.8

	
	
	
	Test limit factor TL
	[1.24]
	Table 6.1.8

	Minimum test time
	
	Table F.6.1.6.2 
	
	
	


The minimum test time is derived from the following justification:

1)
For no propagation conditions and static propagation condition

No early fail calculated from fractional number of errors <1




(see note 1)

2)
For multipath fading condition

No stop of the test until 990 wavelengths are crossed with the speed given in the fading profile.

3)
For birth death propagation conditions

No stop of the test until 200 birth death transitions occur

4) 
For moving propagation conditions: 628 sec
This is necessary in order to pass all potential critical points in the moving propagation profile:

Maximum rake window

Maximum adjustment speed

Intersection of moving taps

Table F.6.1.6.2 : minimum Test time

	Fading profile
	Minimum test time

	Multipath propagation     3 km/h
	164 sec

	Multipath propagation    50 km/h
	9.8 sec

	Multipath propagation    120 km/h
	4.1 sec

	Multipath propagation    250 km/h
	2 sec

	Birth Death propagation
	38.2 sec

	Moving propagation
	628 sec


In table F.6.1.8 the minimum test time is converted in minimum number of samples.

F.6.1.7
Pass fail decision rules

No decision is allowed before the minimum test time is elapsed.

1)
If minimum Test time < time for target number of error events then the following applies: The required confidence level (= correct decision probability 1-D) shall be achieved. This is fulfilled at an early pass or early fail event. The pass/fail decision is done accordingly. 

2 )
If the minimum test time >= time for target error events, then the test runs for the minimum test time and the decision is done by comparing the result with the test limit.
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