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F.6.2
Statistical testing of RRM delay performance 
F.6.2.1
Test Method

Each test is performed in the following manner:

a)
Setup the required test conditions.
b)
Measure the delay repeated times. Start each repetition after sufficient time, such that each delay test is independent from the previous one. The delay-times, measured, are simplified to: 

a good delay, if the measured delay is ≤ limit.

a bad delay, if the measured delay is > limit

c)
Record the number of delays (ns), tested, and the number of bad delays (ne)

d)
Stop the test at an early pass or an early fail event.

e)
Once the test is stopped, decide according to the pass fail decision rules ( subclause F.6.2.7)
F.6.2.2
Bad Delay Ratio (ER)

The Bad Delay Ratio (ER) is defined as the ratio of bad delays (ne) to all delays (ns).
(1-ER is the success ratio)

F.6.2.3
Test Criteria

The test shall fulfil the following requirements:
a)
good pass fail decision

1)
to keep reasonably low the probability (risk) of passing a bad unit for each individual test;
2)
to have high probability of passing a good unit for each individual test;

b)
good balance between test-time and statistical significance

3)
to perform measurements with a high degree of statistical significance;

4)
to keep the test time as low as possible.
F.6.2.4
Calculation assumptions 

F.6.2.4.1
Statistical independence

It is arranged by test conditions, that bad delays are independent statistical events. 

F.6.2.4.2
Applied formulas

The specified ER is 10% in most of the cases. This stipulates to use the binomial distribution to describe the RRM delay statistics. With the binomial distribution optimal results can be achieved. However the inverse cumulative operation for the binomial distribution is not supported by standard mathematical tools. The use of  the Poisson or Chi Square Distribution requires ER(0. Using one of this distributions instead of the binomial distribution gives sub-optimal results in the conservative sense: a pass fail decision is done later than optimal and with a lower wrong decision risk than predefined. 

The formulas, applied to describe the RRM delay statistics test, are based on the following experiment: 

(1) After having observed a certain  number of bad delays (ne) the number of all delays  (ns) are counted to calculate ER. Provisions are made (note 1) such that the complementary experiment is valid as well: 

(2) After a certain number of delays (ns) the number of bad delays (ne), occurred, are counted to calculate ER.

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

Experiment (2) stipulates to use the Poisson Distribution: dpois(ne,NE)

(NE: mean value  of the distribution)

To determine the early stop conditions, the following inverse cumulative operation is applied: 

0.5 * qchisq(D,2*ne) for experiment (1) and (2)

D: wrong decision risk per test step

Note: other inverse cumulative operations are available, however only this is suited for experiment (1) and (2).

F.6.2.4.3
Approximation of the distribution
The test procedure is as follows:

During a running measurement for a UE  ns (Number of Delays)  and ne (Number of bad delays) are accumulated and  from this the preliminary ER is calculated. Then  new samples up to the next bad delay are taken. The entire past and the new samples are basis for the next preliminary ER. Depending on the result at every step, the UE can pass, can fail or must continue the test.

As early pass- and early fail-UEs leave the statistical totality under consideration, the experimental conditions are changed every step resulting in a distribution that is truncated more and more towards the end of the entire test. Such a distribution can not any more be handled analytically. The unchanged distribution is used as an approximation to calculate the early fail and early pass bounds.

F.6.2.5
Definition of good pass fail decision.

This is defined by the probability of wrong decision F at the end of the test. The probability of a correct decision is 1- F.

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

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

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

Early fail: er≥ erlimfail 
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For ne ≥ [5],

Early pass: er ≤ erlimbadpass
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For ne ≥1,

With,

er (normalized ER): ER according to F.6.2.2 divided by specified ER

D: wrong decision probability for a test step . This is a numerically evaluated fraction of F, the wrong decision probability at the end of the test.  see table F.6.2.6.1

ne: Number of bad delays

M: bad DUT factor see table F.6.2.6.1

qchisq: inverse cumulative chi squared distribution

F.6.2.6
Good balance between test-time and statistical significance

Two independent test parameters are introduced into the test and shown in Table F.6.2.6.1. These are  the obvious basis of test time and statistical significance. From them four dependent test parameters are derived.

Table F.6.2.6: Independent and dependent test parameters

	Independent test parameters
	Dependent test parameters

	Test Parameter
	Value
	Reference
	Test parameter
	Value
	Reference

	Bad DUT factor M 
	1.5
	Table F.6.1.8
	Early pass/fail condition
	Curves
	Subclause F.6.2.5

Figure 6.2.9

	Final probability of wrong pass/fail decision F
	5%
	Table F.6.2.8
	Target number of bad delays 
	154
	Table 6.2.8

	
	
	
	Probability of wrong pass/fail decision per test step D
	0.6 %

	

	
	
	
	Test limit factor TL
	1.236 
	Table 6.2.8


F.6.2.7
Pass fail decision rules

The required confidence level 1-F (= correct decision probability) shall be achieved. This is fulfilled at an early pass or early fail event. Sum up the number of  all delays (ns) and the number of  bad delays from the beginning of the test and calculate:

 ER1 (including the artificial error at the beginning of the test (Note 1))and

 ER0 (excluding the artificial error at the beginning of the test (Note 1)). 

If ER0 is on or above the early fail limit, fail the DUT.

If ER1 is on or below the early pass limit, pass the DUT.

Otherwise continue the test.

F.6.2.8
Test conditions for RRM delay tests

Table F.6.2.8: Test conditions for a single RRM delay tests(3.84 Mcps TDD option)
	Type of test

	Test requirement 

Delay (s)
	Test requirement (ER)
	Testlimit(ER)=

Test requirement (ER)x TL

TL
	Target number of bad delays


	Prob that good unit will fail
= Prob that bad unit will pass
 [%]
	Bad unit  factor M

	8.2.2.1

TDD/TDD Cell re-selection in Idle mode (single carrier)
	8
	0.1
	[1.236]


	[154]


	[5]
	[1.5]


	8.2.2.2

TDD/TDD Cell re-selection in Idle Mode (mulit-carrier)
	8
	0.1
	[1.236]
	[154]


	[5]
	[1.5]

	8.2.2.3

TDD/FDD Cell re-selection in Idle Mode
	8
	
	
	
	
	

	8.2.2.4

UTRAN to GSM cell re-selection in Idle Mode
	27.9
	0.1
	[1.236]
	[154]


	[5]
	[1.5]

	8.3.1

TDD/TDD handover
	40 ms
	0.1
	[1.236]
	[154]


	[5]
	[1.5]

	8.3.2

TDD/FDD handover
	100 ms
	0.1
	[1.236]
	[154]


	[5]
	[1.5]

	8.3.3

TDD/GSM handover
	40ms
	0.1
	[1.236]
	[154]


	[5]
	[1.5]

	8.3.4

TDD/TDD Cell Re-selection in CELL_FACH
	2.5
	0.1
	[1.236]
	[154]


	[5]
	[1.5]

	8.3.5

TDD/TDD Cell Re-selection in CELL_PCH
	8
	0.1
	[1.236]
	[154]


	[5]
	[1.5]

	8.3.6

TDD/TDD Cell Re-selection in URA_PCH
	8
	0.1
	[1.236]
	[154]


	[5]
	[1.5]


Table F.6.2.8A: Test conditions for a single RRM delay tests(1.28Mcps TDD option)
	Type of test

	Test requirement 

Delay (s)
	Test requirement (ER)
	Testlimit(ER)=

Test requirement (ER)x TL

TL
	Target number of bad delays


	Prob that good unit will fail
= Prob that bad unit will pass
 [%]
	Bad unit  factor M

	8.2.2.1
TDD/TDD Cell re-selection in Idle mode (single carrier)
	8
	0.1
	1.236
	154


	5
	1.5

	8.2.2.2

TDD/TDD Cell re-selection in Idle Mode (multi-carrier)
	8
	0.1
	1.236
	154


	5
	1.5

	8.2.2.3

TDD/FDD Cell re-selection in Idle Mode
	8
	0.1
	1.236
	154


	5
	1.5

	8.2.2.4

UTRAN to GSM cell re-selection 
Scenario 4
	8
	0.1
	1.236
	154


	5
	1.5

	8.2.2.5

UTRAN to GSM cell re-selection in Idle Mode
Scenario 4A
	27.9
	0.1
	1.236
	154


	5
	1.5

	8.3.1A
TDD/TDD handover
	160 ms
	0.1
	1.236
	154


	5
	1.5

	8.3.2A
TDD/FDD handover
	100 ms
	0.1
	1.236
	154


	5
	1.5

	8.3.3

TDD/GSM handover
	90ms
	0.1
	1.236
	154


	5
	1.5

	8.3.4.1
TDD/TDD Cell Re-selection in CELL_FACH
(single carrier)
	1.6
	0.1
	1.236
	154


	5
	1.5

	8.3.4.2
TDD/TDD Cell Re-selection in CELL_FACH
(multi-carrier)
	2
	0.1
	1.236
	154


	5
	1.5

	8.3.5

TDD/TDD Cell Re-selection in CELL_PCH
	8
	0.1
	1.236
	154


	5
	1.5

	8.3.6

TDD/TDD Cell Re-selection in URA_PCH
	8
	0.1
	1.236
	154


	5
	1.5


F.6.2.9
Practical Use (informative)

See figure F.6.2.9:

The early fail limit represents formula (1) in F.6.2.5. The range of validity is ne≥ 5 to ne = 154
The early pass limit represents the formula (2) in F.6.2.5. The range of validity is ne=1 to ne =154. See note 1. The intersection co-ordinates  of both curves are : target number of bad delays ne = 154  and test limit TL = 1.236 .

A typical delay test, calculated form the number of samples and errors  (F.6.2.2) using experimental method (1) or (2) (see F.6.2.4.2. calculation assumptions) runs along the yellow trajectory. With an good delay the trajectory goes down vertically. With a bad delay it jumps up right. The tester checks if the ER test intersects the early fail or early pass limits.
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Figure F.6.2.9

Note 1:
At the beginning of the test, an artificial bad delay is introduced. This ensures that an ideal DUT meets the valid range of the early pass limit. In addition this ensures that the complementary experiment (F.6.2.4.2. bullet point (2)) is applicable as well. For the check against the early fail limit the artificial bad delay sample, introduced at the beginning of the test , is disregarded.


Due to the nature of the test, namely discrete bad delay events, the early fail condition shall not be valid, when fractional bad delays <1 are used to calculate the early fail limit: Any early fail decision is postponed until number of errors ne ≥ 5.
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