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F.6
General rules for statistical testing

F.6.1 Definitions

Specified Error Ratio (R0): General term that is referred to BER/BLER or other error ratios that are specified in the test specifications (TS34.121 and TS34.122). 

Significance level (F): Chance of incorrect judgement based on the given test results. There can be two kinds of incorrect judgements; “to judge a bad DUT as good” (Fp) and “to judge a good DUT as bad” (Ff)  

Individual significance level (D): When a test method consists of many simple tests, the significance level of each simple test is referred as to individual significance level.  Dp and Df are significance level of pass and fail criteria respectively. 

Bad UE factor (M): In the definition of Significance level above, a good DUT is defined by one with the specified error ratio (R0), while a bad DUT by the specified error ratio multiplied by “bad UE factor,” (R0M)

F.6.2 Applying statistic concepts to testing

The whole part of this annex depends on a statistical model that is called Bernoulli sequence, which is characterized as 

1) The experiment consists of a sequence of independent trials.

2) Each trial has two possible outcomes, E (Error) or N (None Error).

3) The probability of E (r = F(E)) is constant from one trial to another.

The word “trial” above can also be referred to as “sample,” and the probability of error is called “error ratio.”   
Following are the examples in which these concepts are applied to some typical statistical measurements:

BER measurement: A sample is each payload bit of a transport channel.  For example, a transport channel block of the reference channel of 12.2 kbps includes 244 or 228 of such bits.  Strictly speaking, due to the channel coding, bits within a block are not independent of each other but considering the block size (244) and the specified error ratio (0.001), it would be safely presumed that the error bits are independent of others.  The specified error ratio is the specified BER value (0.001). 

BLER measurement: A sample is a transport channel block (that consists of two physical blocks for a channel with TTI = 20 ms), and, in this case, the blocks should be fairly independent of each other.  The specified error ratio is the specified BLER value of the test case (0.1, 0.01, and 0.001).

RRM delay measurements: A single measurement of the delay time is a trial above.  If the measurement result fails in meeting the requirement, or is longer than the specified delay time limit, the trial's outcome is E.  With these definitions, the specified error ratio should be 0.1.  

Power control in downlink: This is also an example of test cases with complicated test requirements.  For a trial to be successful (to be N), “BLER should be within 0.01 +/-30 % and DPCH_Ec/Ior should be lower than -15.9 dB more than 90 % of time.”  So, a trial is a measurement operation of DPCH_Ec/Ior , and if the results exceed -15.9 dB, the trial is Error.  In this case, the specified error ratio is 0.1.  It should be noted that the (reported) BLER values should not be treated in a statistical way.  

By presuming the interpretations above, trials of most statistical tests can be treated as a Bernoulli sequence, and this fact makes it possible to treat these tests in a unified way.

F.6.3 Requirement for tests 
The purpose of this normative section is to define a significance of statistical test method.  This should be done by introducing “Bad DUT factor”, M, whose value is set to 1.5.  Presuming this value, the requirement for the significance levels of a test method shall be given in Table F.6.1

Table F.6.1 Requirement for the significance level

	Test Category
	Specified Error Ratio

R0
	Bad DUT factor

M
	Significance Level

F ( = Fp = Ff)

	  BER
	0.001
	1.5
	< 0.002

	  BLER
	0.001, 0.01, 0.1
	1.5
	< 0.002

	  RRM Tests
	0.1
	1.5
	< 0.05


This table should be interpreted as follows:

For example, a test method for BLER of a specified error ratio of 0.01 should comply with the following requirements:

a)  For a population of DUTs with an error ratio of 0.01, the probability that the method incorrectly judges a UE as bad should be less than 0.2 % (Ff  < 0.002), and  

b)  For a population of DUTs with an error ratio of 0.015, the probability that the method incorrectly judges a UE as good should be less than 0.2 % (Fp < 0.002). 
It should be noted that the table specifies an upper limit of the significance level.  

F.6.4 Examples of Test Method (Informative)

The requirement above is strict enough to ensure that all the compliant methods are compatible with each other, but will allow many kinds of implementations.  

F.6.4.1 Method from GSM standard

The test method employed by GSM standard complies with the requirement above.  The method is like this:

a) Determine the sample number (Ns) that gives 200th error.

b) Calculate the error ratio from 200/Ns to compare with the threshold 1.235 R0.  

This test method ensures the significance levels of 0.02 for both Fp and Ff, and thus complies with the requirement.  If this method be applied to a test with R0 = 0.1, the target error count, Ns should be 59.

F.6.4.2 Early pass/fail method
The above test method by GSM standard is not optimal from the view point of test time.  In particular, it would take a long time to observe 200  errors for a very good DUT.  This problem can be mitigated by introducing “early pass/fail” criteria, and the resultant test procedure would look like:
m = 0
for each s:   # repeat for sample forever

if an error is reported:  



m = m + 1


R = m/s 



if R > Rth_f(m): 
# fail test




UE failed




break 


# stop procedure


else if R < Rth_p(m):




UE passed




break



else




continue 

where, Rth_p and Rth_f are early pass/fail criteria respectively.  This method still has the problem that the procedure won’t be completed if no errors occurred.   This can be fixed by modifying the procedure like the following pseudo script:

m = 0
for each s:   # repeat for sample forever

if an error is reported:  



m = m + 1


R = m/s 



if R > Rth_f(m): #fail test




UE failed




break


else: # if not error



if s > Tdp(m): #pass  test




UE passed



break



else:



continue
Where Tdp(m) is the time duration in terms of sample number (s) that is derived from Rth_p (m + 1).  That is, Tdp (m) is determined so that the resultant error ratio should be lower than Rth_p (m + 1) if an imaginary (m + 1)-th error occurred at that time.   For example, (a part of) these criteria for R0 = 0.1 are shown in Table F.6.2

Table F.6.2 Sample of Early Pass/Fail Criteria

	m
	Rth-p
	Tdp
	Rth-f

	0
	 ---
	32
	---

	1
	0.03125000
	46
	---

	2
	0.04347826
	57
	---

	3
	0.05263158
	68
	0.75000000

	4
	0.05882353
	79
	0.50000000

	5
	0.06329114
	89
	0.41666667

	…
	…
	…
	…

	…
	…
	…
	…

	136
	0.12386157
	1106
	0.12397448

	137
	0.12386980
	1113
	0.12386980


There could be many different ways to determine a set of criteria, but here only two of them will be mentioned.  Both methods are based on the idea that each criterion (threshold) should have a constant individual significance level, D.  The difference resides in how the statistical process should be seen.

F.6.4.2.1 Approach based on discrete distribution
This approach treats test results as Bernoulli sequences.  With this assumption, the sample number s that gives m-th errors follows a negative binomial distribution,
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Using this distribution, the thresholds Rth-p and Rth-f can be determined as follows.
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With simulation using Bernoulli sequence (binomial distribution), D can be determined to give F for each R0.  Some results are given in Table F.6.3.

Table F.6.3 Individual significance level v.s. total significance level

	R0
	F
	D

	0.001
	0.002
	0.00064

	0.01
	0.002
	0.00085

	0.1
	0.002
	[0.00090]

	0.1
	0.050
	0.005875


The thresholds for R0 = 0.01 is shown in Figure F.6.1 (The data by this approach are plotted with points) .
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Figure F.6.2: Early Pass/Fail Criteria for BLER Measurement ( R0= 0.01, F = 0.002)

F.6.4.2.2 Approach based on continuous distribution

For a smaller R0, the Bernoulli sequence can be approximated by a continuous statistical sequence in which intervals of the events (errors) follows an exponential distribution.   In this case, it is known that the time to m-th error (T) should follow m-Erlang distribution, mEr(T),
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 is a chi-square distribution of degree of freedom n.  This can be transformed to a CDF function of the error rate R using CDF of a chi-square distribution.
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From this equation, each threshold can be related to D values.  That is,
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To relate these D to total significance level F, a simulation is needed.  The resultant F values are shown in Table F.6.4.

Table F.6.4  Individual and total significance levels

	R0
	F
	D

	0.001, 0.01, 0.1
	0.002
	0.000085

	0.1
	0.050
	0.006


It should be noted that, unlike the results in the previous subclause, the relationship between F and D is independent of R0.  Moreover, the relationship between F and D and thus that between F and Rth are based on the simulation using continuous distribution (exponential distribution).  When F is estimated using binomial distribution, the set of Rth derived from the equation above gives somewhat smaller F.  Their difference is not negligible in the case of R0 = 0.1 and F = 0.05, but still this test method complies with the requirement stated in subclause F.6.3. 

The derived Rth are shown with lines in Figure F.6.2.

F.6.5 Dynamic Propagation Conditions (Informative)
So far, it has been assumed that the propagation condition is static.  Some BLER test, however, should be done under varying propagation conditions, for example, under various fading conditions, moving and birth-death propagation conditions.  In these cases, the assumptions that have been made in subclause F.6.2 should be reconsidered. 

If the characteristic period of variation of condition is comparable with or shorter than with the sampling rate (1/TTI, if every block is measured), the effect of the variation will be smooth out in BLER calculation.  This, however, is not the case when the variation period is much longer, condition 3) (constant error ratio) is not valid anymore, as described in TR34.901 [24]. 

As described in TR34.901, the example test methods described in F.6.3 are all good for fading conditions when R0 = 0.01,  and under birth-death condition, but it will fail for  fading conditions when R0 = 0.1 and moving condition.  For the former cases, it is known that the same test method (a set of thresholds) can be used only by reducing the sampling rate to one tenth.  That is, the tester should take a sample every ten blocks instead of every block.   This can be summarized in Table F.6.5 

Table F.6.5 Sampling rate for test cases

	Propagation conditions
	Specified error ratio

(BLER)
	Sampling rate

(sample/blocks)

	 Multi-path fading (speed = 3 km/h, Case 1 and Case2)
	0.01
	1/1 (Every block)

	
	0.1
	1/10 (Every ten blocks)

	Multi-path fading (speed > 120 km/h, Case3 and Case 6 )
	0.1, 0.01, 0.001
	1/1 (Every block)

	Moving propagation
	0.01
	1/1000 

(Minimum test time = 628 sec)

	Birth-death propagation condition
	0.01
	1/1 (Every block)


It should be noted that when the sampling is done every ten blocks, BLER should be calculated using the number of the blocks that are actually sampled.  Following this sampling method, all the test methods introduced in F.6.3 can be used.

To achieve the same effect for moving propagation condition, the sample rate should be less than 1/1000.  This is not practical, so employing the minimum test time of 628 sec would be another choice.
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