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Annex G (normative):
Statistical Testing
G.1	General
FFS.
G.2	Statistical testing of receiver characteristics
G.2.1	General
The test of receiver characteristics is two fold.
1.	A signal or a combination of signals is offered to the RX port(s) of the receiver.
2.	The ability of the receiver to demodulate /decode this signal is verified by measuring the throughput.
In (2) is the statistical aspect of the test and is treated here.
The minimum requirement for all receiver tests is >95% of the maximum throughput.
All receiver tests are performed in static propagation conditions. No fading conditions are applied. 
G.2.2	Mapping throughput to error ratio
a)	The measured information bit throughput R is defined as the sum (in kilobits) of the information bit payloads successfully received during the test interval, divided by the duration of the test interval (in seconds).
b)	In measurement practice the UE indicates successfully received information bit payload by signalling an ACK to the SS.
If payload is received, but damaged and cannot be decoded, the UE signals a NACK.
c)	Only the ACK and NACK signals, not the data bits received, are accessible to the SS.
The number of bits is known in the SS from knowledge of what payload was sent.
d)	For the reference measurement channel, applied for testing, the number of bits is different in different subframes, however in a radio frame it is fixed during one test.
e)	The time in the measurement interval is composed of successfully received subframes (ACK), unsuccessfully received subframes (NACK) and no reception at all (DTX-subframes).
f)	DTX-subframes may occur regularly according the applicable reference measurement channel (regDTX).
In real live networks this is the time when other UEs are served. In TDD these are the UL and special subframes.
regDTX vary from test to test but are fixed within the test.
g)	Additional DTX-subframes occur statistically when the UE is not responding ACK or NACK where it should. (statDTX)
This may happen when the UE was not expecting data or decided that the data were not intended for it.
The pass / fail decision is done by observing the:
-	number of NACKs
-	number of ACKs and
-	number of statDTXs (regDTX is implicitly known to the SS)
The ratio (NACK + statDTX)/(NACK+ statDTX + ACK)is the Error Ratio (ER). Taking into account the time consumed by the ACK, NACK, and DTX-TTIs (regular and statistical), ER can be mapped unambiguously to throughput for any single reference measurement channel test.
G.2.3	Design of the test
The test is defined by the following design principles (see clause G.x, Theory….):
1.	The early decision concept is applied.
2.	A second limit is introduced: Bad DUT factor M>1
3.	To decide the test pass:
Supplier risk is applied based on the Bad DUT quality
To decide the test fail
Customer Risk is applied based on the specified DUT quality
The test is defined by the following parameters:
1.	Limit ER = 0.05 (Throughput limit = 95%)
2.	Bad DUT factor M=1.5 (selectivity)
3.	Confidence level CL = 95% (for specified DUT and Bad DUT-quality)
G.2.4	Numerical definition of the pass fail limits
Table G.2.4-1: pass fail limits
	ne
	nsp
	nsf
	ne
	nsp
	nsf
	ne
	nsp
	nsf
	ne
	nsp
	nsf

	0
	67
	NA
	39
	763
	500
	78
	1366
	1148
	117
	1951
	1828

	1
	95
	NA
	40
	778
	516
	79
	1381
	1166
	118
	1965
	1845

	2
	119
	2
	41
	794
	532
	80
	1396
	1183
	119
	1980
	1863

	3
	141
	7
	42
	810
	548
	81
	1412
	1200
	120
	1995
	1881

	4
	162
	14
	43
	826
	564
	82
	1427
	1217
	121
	2010
	1899

	5
	183
	22
	44
	842
	580
	83
	1442
	1234
	122
	2025
	1916

	6
	202
	32
	45
	858
	596
	84
	1457
	1252
	123
	2039
	1934

	7
	222
	42
	46
	873
	612
	85
	1472
	1269
	124
	2054
	1952

	8
	241
	53
	47
	889
	629
	86
	1487
	1286
	125
	2069
	1969

	9
	259
	64
	48
	905
	645
	87
	1502
	1303
	126
	2084
	1987

	10
	278
	76
	49
	920
	661
	88
	1517
	1321
	127
	2099
	2005

	11
	296
	88
	50
	936
	678
	89
	1532
	1338
	128
	2113
	2023

	12
	314
	100
	51
	952
	694
	90
	1547
	1355
	129
	2128
	2040

	13
	332
	113
	52
	967
	711
	91
	1562
	1373
	130
	2143
	2058

	14
	349
	126
	53
	983
	727
	92
	1577
	1390
	131
	2158
	2076

	15
	367
	140
	54
	998
	744
	93
	1592
	1407
	132
	2172
	2094

	16
	384
	153
	55
	1014
	760
	94
	1607
	1425
	133
	2187
	2111

	17
	401
	167
	56
	1029
	777
	95
	1623
	1442
	134
	2202
	2129

	18
	418
	181
	57
	1045
	793
	96
	1637
	1459
	135
	2217
	2147

	19
	435
	195
	58
	1060
	810
	97
	1652
	1477
	136
	2231
	2165

	20
	452
	209
	59
	1076
	827
	98
	1667
	1494
	137
	2246
	2183

	21
	469
	224
	60
	1091
	844
	99
	1682
	1512
	138
	2261
	2201

	22
	486
	238
	61
	1106
	860
	100
	1697
	1529
	139
	2275
	2218

	23
	503
	253
	62
	1122
	877
	101
	1712
	1547
	140
	2290
	2236

	24
	519
	268
	63
	1137
	894
	102
	1727
	1564
	141
	2305
	2254

	25
	536
	283
	64
	1153
	911
	103
	1742
	1582
	142
	2320
	2272

	26
	552
	298
	65
	1168
	928
	104
	1757
	1599
	143
	2334
	2290

	27
	569
	313
	66
	1183
	944
	105
	1772
	1617
	144
	2349
	2308

	28
	585
	328
	67
	1199
	961
	106
	1787
	1634
	145
	2364
	2326

	29
	602
	343
	68
	1214
	978
	107
	1802
	1652
	146
	2378
	2344

	30
	618
	359
	69
	1229
	995
	108
	1817
	1669
	147
	2393
	2361

	31
	634
	374
	70
	1244
	1012
	109
	1832
	1687
	148
	2408
	2379

	32
	650
	389
	71
	1260
	1029
	110
	1847
	1704
	149
	2422
	2397

	33
	667
	405
	72
	1275
	1046
	111
	1861
	1722
	150
	2437
	2415

	34
	683
	421
	73
	1290
	1063
	112
	1876
	1740
	151
	2452
	2433

	35
	699
	436
	74
	1305
	1080
	113
	1891
	1757
	152
	2466
	2451

	36
	715
	452
	75
	1321
	1097
	114
	1906
	1775
	153*)
	NA
	2469

	37
	731
	468
	76
	1336
	1114
	115
	1921
	1793
	 
	 
	 

	38
	747
	484
	77
	1351
	1131
	116
	1936
	1810
	*) note 2 in G.2.5



NOTE 1:	The first column is the number of errors (ne = number of NACK + statDTX)
NOTE 2:	The second column is the number of samples for the pass limit (nsp, ns=Number of Samples= number of NACK + statDTX + ACK)
NOTE 3:	The third column is the number of samples for the fail limit (nsf)
G.2.5	Pass fail decision rules
The pass fail decision rules apply for a single test, comprising one component in the test vector. The over all Pass /Fail conditions are defined in clause G.2.6and G.2A.6
Having observed   0  errors, pass the test at      67+    samples,                                                 otherwise continue
Having observed   1  error,   pass the test at     95+  otherwise continue
Having observed   2  errors,  pass the test at     119+  samples, fail the test at       2- samples,  otherwise continue
                                                                           Etc. etc.
Having observed 151 errors,  pass the test at  2452+  samples, fail the test at 2433- samples,  otherwise continue
Having observed 152 errors,  pass the test at  2466+  samples, fail the test at 2451- samples.                                                  
Where x+ means: x or more,        x- means x or less
NOTE 1:	an ideal DUT passes after 67 samples. The maximum test time is 2466 samples.
NOTE 2:	It is allowed to deviate from the early decision concept  by  postponing  the decision (pass/fail or continue). Postponing the decision to or beyond the end of Table G.2.4-1 requires a pass fail decision against the test limit: pass the DUT for ER<0.0618, otherwise fail.
G.3	Statistical testing of Performance Requirements with throughput
G.3.1	General
The test of receiver performance characteristics is two fold.
1.	A signal or a combination of signals is offered to the RX port(s) of the receiver.
2.	The ability of the receiver to demodulate /decode this signal is verified by measuring the throughput.
In (2) is the statistical aspect of the test and is treated here.
The minimum requirement for all receiver performance tests is either 70% or 30% of the maximum throughput.
All receiver performance tests are performed in fading conditions. In addition to the statistical considerations, this requires the definition of a minimum test time.
G.3.2	Mapping throughput to error ratio
G.2.2 applies
G.3.3	Design of the test
The test is defined by the following design principles (see clause G.x, Theory….):
1.	The standard concept is applied. (not the early decision concept)
2.	A second limit is introduced: The second limit is different, whether 30% or 70% throughput is tested.
3.	To decide the test pass:
Supplier risk is applied based on the Bad DUT quality
To decide the test fail:
Customer Risk is applied based on the specified DUT quality
The test is defined by the following parameters:
1a) Limit Error Ratio = 0.3 (in case 70% Throughput is tested) or
1b) Limit Throughput = 0.3 (in case 30% Throughput is tested)
2a) Bad DUT factor M=1.378 (selectivity)
2b) Bad DUT factor m=0.692 (selectivity)
justification see: TS 34.121 Clause F.6.3.3
3) Confidence level CL = 95% (for specified DUT and Bad DUT-quality)
G.3.4	Pass Fail limit
Testing Throughput = 30%, then the test limit is
Number of successes (ACK) / number of samples ≥ 59 / 233 
Testing Throughput = 70% then the test limit is
Number of fails (NACK and statDTX) / number of samples ≤ 66 / 184 
We have to distinguish 3 cases:
a)	The duration for the number of samples (233 or 184) is greater than the minimum test time:
Then the number of samples (233 or 184) is predefined and the decision is done according to the number of events (59 successes or 66 fails)
b)	Since subframe 0 and 5 contain less bits than the remaining subframes, it is allowed to predefine a number of samples contained in an integer number of frames. In this case test-limit-ratio applies.
c)	The minimum test time is greater than the duration for the number of samples:
The minimum test time is predefined and the decision is done comparing the measured ratio at that instant against the test-limit-ratio.
NOTE:	The test time for most of the tests is governed by the Minimum Test Time
G.3.5	Minimum Test time
If a pass fail decision in G.3.4 can be achieved earlier than the minimum test time, then the test shall not be decided, but continued until the minimum test time is elapsed.
The tables below contain the minimum number of subframes for FDD.
By simulations the minimum number of active subframes (carrying DL payload) was derived (MNAS),
then adding inactive subframes to the active ones (e.g. subframe 5 contains no DL payload. For TDD additional subframes contain no DL payload)
then rounding up to full thousand and
then adding a bias of 1000 (BMNSF).
Simulation method to derive minimum test time:
With a level, corresponding a throughput at the test limit (here 30% or 70% of the max. throughput) the preliminary throughput versus time converges towards the final throughput. The allowance of ± 0.2 dB around the above mentioned level is predefined by RAN5 to find the minimum test time. The allowance of ±0.2 dB maps through the function “final throughput versus level” into a throughput corridor. The minimum test time is achieved when the preliminary throughput escapes the corridor the last time. The two functions “final throughput versus level” and “preliminary throughput versus time” are simulation results, which are done individual for each demodulation scenario. HST-scenarios and scenarios with MNAS ≥ 50000 are derived differently.


Figure G.3.5-1: Simulation method to derive minimum test time

Table G.3.5-1: Minimum Test time for PDSCH for UE Category NB1
	Clause 8.12.1.1.2
Test
No
	Demodulation scenario
(info only)
	MNAS
(Simulation)
	MNSF (Min No Sub Frames, mandatory)

	
	
	
	HD-FDD
	TDD

	1
	R.NB.3 FDD
(200kHz, QPSK,1/2)
(1x1)
EPA5
	3609
	3466000
	N/A

	2
	R.NB.3 FDD
(200kHz, QPSK,1/2)
(1x1)
ETU1
	3609
	5544000
	N/A



Table G.3.5-2: Minimum Test time for PDSCH for UE Category NB2
	Clause 8.12.1.1.3
Test
No
	Demodulation scenario
(info only)
	MNAS
(Simulation)
	MNSF (Min No Sub Frames, mandatory)

	
	
	
	HD-FDD
	TDD

	1
	R.NB.7 FDD
(200kHz, QPSK,1/2)
(1x1)
EPA5
	3609
	44000
	N/A



G.4	[FFS]

G.5	[FFS]

G.6	[FFS]



G.7	Theory to derive the numbers in Table G.2.4-1 (Informative)
Editor's note:	This clause of the Annex G is for information only and it described the background theory and information to derive the entries in the table G.2.4-1.
G.7.1	Error Ratio (ER)
The Error Ratio (ER) is defined as the ratio of number of errors (ne) to all results, number of samples (ns).
(1-ER is the success ratio).
G.7.2	Test Design
A statistical test is characterised by:
Test-time, Selectivity and Confidence level.
G.7.3	Confidence level
The outcome of a statistical test is a decision. This decision may be correct or in-correct. The Confidence Level CL describes the probability that the decision is a correct one. The complement is the wrong decision probability (risk) D = 1-CL
G.7.4	Introduction: Supplier Risk versus Customer Risk
There are two targets of decision:
(a)	A measurement on the pass-limit shows, that the DUT has the specified quality or is better with probability CL (CL e.g.95%) This shall lead to a "pass decision"
	The pass-limit is on the good side of the specified DUT-quality. A more stringent CL (CL e.g.99%) shifts the pass-limit farer into the good direction. Given the quality of the DUTs is distributed, a greater CL passes less and better DUTs.
	A measurement on the bad side of the pass-limit is simply “not pass” (undecided or artificial fail).
(aa)	Complementary:
	A measurement on the fail-limit shows, that the DUT is worse than the specified quality with probability CL.
	The fail-limit is on the bad side of the specified DUT-quality. A more stringent CL shifts the fail-limit farer into the bad direction. Given the quality of the DUTs is distributed, a greater CL fails less and worse DUTs.
	A measurement on the good side of the fail-limit is simply “not fail”.
(b)	A DUT, known to have the specified quality, shall be measured and decided pass with probability CL. This leads to the test limit.
	For CL e.g. 95%, the test limit is on the bad side of the specified DUT-quality. CL e.g.99% shifts the pass-limit farer into the bad direction. Given the DUT-quality is distributed, a greater CL passes more and worse DUTs.
(bb)	A DUT, known to be an (ε0) beyond the specified quality, shall be measured and decided fail with probability CL.
	For CL e.g.95%, the test limit is on the good side of the specified DUT-quality.
NOTE 1:	The different sense for CL in (a), (aa) versus (b), (bb).
NOTE 2:	For constant CL in all 4 bullets (a) is equivalent to (bb) and (aa) is equivalent to (b).
G.7.5	Supplier Risk versus Customer Risk
The table below summarizes the different targets of decision.
Table G.X.5-1: Equivalent statements
	
	Equivalent statements, using different cause-to-effect-directions,
 and assuming CL = constant >1/2

	cause-to-effect-directions
	Known measurement result  estimation of the DUT’s quality
	Known DUT’s quality  estimation of the measurement’s outcome

	Supplier Risk
	A measurement on the pass-limit shows, that the DUT has the specified quality or is better (a)
	A DUT, known to have an (ε0) beyond the specified DUT-quality, shall be measured and decided fail (bb)

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



The shaded area shown the direct interpretation of Supplier Risk and Customer Risk.
The same statements can be based on other DUT-quality-definitions.
G.7.6	Introduction: Standard test versus early decision concept
In standard statistical tests, a certain number of results (ns) is predefined in advance to the test. After ns results the number of bad results (ne) is counted and the error ratio (ER) is calculated by ne/ns.
Applying statistical theory, a decision limit can be designed, against which the calculated ER is compared to derive the decision. Such a limit is one decision point and is characterised by:
-	D: the wrong decision probability (a predefined parameter)
-	ns: the number of results (a fixed predefined parameter)
-	ne: the number of bad results (the limit based on just ns)
In the formula for the limit, D and ns can be understood as variable parameter and variable. However the standard test execution requires fixed ns and D. The property of such a test is: It discriminate between two states only, depending on the test design:
-	pass (with CL) / undecided           (undecided in the sense: finally undecided)
-	fail (with CL) / undecided            (undecided in the sense: finally undecided)
-	pass(with CL)  / fail (with CL)     (however against two limits).
In contrast to the standard statistical tests, the early decision concept predefines a set of (ne,ns) co-ordinates, representing the limit-curve for decision. After each result a preliminary ER is calculated and compared against the limit-curve. After each result one may make the decision or not (undecided for later decision). The parameters and variables in the limit-curve for the early decision concept have a similar but not equal meaning:
-	D: the wrong decision probability (a predefined parameter)
-	ns: the number of results (a variable parameter)
-	ne: the number of bad results (the limit. It varies together with ns)
To avoid a “final undecided” in the standard test, a second limit must be introduced and the single decision co-ordinate (ne,ns) needs a high ne, leading to a fixed (high) test time. In the early decision concept, having the same selectivity and the same confidence level an “undecided” need not to be avoided, as it can be decided later. A perfect DUT will hit the decision coordinate (ne,ns) with ne=0. This test time is short.
G.7.7	Standard test versus early decision concept
For Supplier Risk:
The wrong decision probability D in the standard test is the probability, to decide a DUT in-correct in the single decision point. In the early decision concept there is a probability of in-correct decisions d at each point of the limit-curve. The sum of all those wrong decision probabilities accumulate to D. Hence d<D
For Customer Risk:
The correct decision probability CL in the standard test is the probability, to decide a DUT correct in the single decision point. In the early decision concept there is a probability of correct decisions cl at each point of the limit-curve. The sum of all those correct decision probabilities accumulate to CL. Hence cl<CL or d>D
G.7.8	Selectivity
There is no statistical test which can discriminate between a limit DUT and a DUT which is an (ε0) apart from the limit in finite time and high confidence level CL. Either the test discriminates against one limit with the results pass (with CL)/undecided or fail (with CL)/undecided, or the test ends in a result pass (with CL)/fail (with CL) but this requires a second limit.
For CL>1/2, a (measurement-result = specified-DUT-quality), generates undecided in test “supplier risk against pass limit” (a, from above) and also in the test “customer risk against the fail limit “ (aa)
For CL>1/2, a DUT, known to be on the limit, will be decided pass for the test “customer risk against pass limit” (b) and also “supplier risk against fail limit” (bb).
This overlap or undecided area is not a fault or a contradiction, however it can be avoided by introducing a Bad or a Good DUT quality according to:
-	Bad DUT quality: specified DUT-quality * M (M>1)
-	Good DUT quality: specified DUT-quality * m (m<1)
Using e.g. M>1 and CL=95% the test for different DUT qualities yield different pass probabilities:


Figure G.X.8-1: Pass probability versus DUT quality

G.7.9	Design of the test
The receiver characteristic test are defined by the following design principles:
1.	The early decision concept is applied.
2.	A second limit is introduced: Bad DUT factor M>1
3.	To decide the test pass:
	Supplier risk is applied based on the Bad DUT quality
	To decide the test fail
	Customer Risk is applied based on the specified DUT quality
The receiver characteristic test are defined by the following parameters:
1.	Limit ER = 0.05
2.	Bad DUT factor M=1.5 (selectivity)
3.	Confidence level CL = 95% (for specified DUT and Bad DUT-quality)
This has the following consequences:
1.	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 have the specified quality, shall be measured and decided pass



2.	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 simulation is based on the two fulcrums A and B only in Figure G.x.8-1
3.	Test time
	The minimum and maximum test time is fixed.
	The average test time is a function of the DUT’s quality.
	The individual test time is not predictable.
4.	The number of decision co-ordinates (ne,ns) in the early decision concept is responsible for the selectivity of the test and the maximum test time. Having fixed the number of decision co-ordinates there is still freedom to select the individual decision co-ordinates in many combinations, all leading to the same confidence level.
G.7.10	Simulation to derive the pass fail limits in Table G.2.4-1
There is freedom to design the decision co-ordinates (ne,ns).
The binomial distribution and its inverse is used to design the pass and fail limits. Note that this method is not unique and that other methods exist.

	
Where
-	fail(..) is the error ratio for the fail limit
-	pass(..) is the error ratio for the pass limit
-	ER is the specified error ratio 0.05
-	ne is the number of bad results. This is the variable in both equations
-	M is the Bad DUT factor M=1.5
-	df is the wrong decision probability of a single (ne,ns) co-ordinate for the fail limit. 
	It is found by simulation to be df = 0.004
-	clp is the confidence level of a single (ne,ns) co-ordinate for the pass limit.
It is found by simulation to be clp = 0.9975
-	qnbinom(..): The inverse cumulative function of the negative binomial distribution
The simulation works as follows:
-	A large population of limit DUTs with true ER = 0.05 is decided against the pass and fail limits.
-	clp    and df   are tuned such that CL (95%) of the population passes and D (5%) of the population fails.
-	A population of Bad DUTs with true ER = M*0.05 is decided against the same pass and fail limits.
-	clp    and df   are tuned such that CL (95%) of the population fails and D (5%) of the population passes.
-	This procedure and the relationship to the measurement is justified in clause G.x.9. The number of DUTs decrease during the simulation, as the decided DUTs leave the population. That number decreases with an approximately exponential characteristics. After 169 bad results all DUTs of the population are decided.
NOTE:	The exponential decrease of the population is an optimal design goal for the decision co-ordinates (ne,ns), which can be achieved with other formulas or methods as well.

<< END OF CHANGES >>
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