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1	Introduction 
The statistical testing with early pass/fail concept was adopted by RAN5 for quite a long time through different technologies. The early pass/fail limit is documented in Annex H of TS 38.521-1 for NR RF testing. However the theory of how to derive the pass/fail limit is still missing, which makes the information not complete. This document proposes the way of adding additional sub clause to capture the theory.
In addition, when revisiting the derivation theory, some errors are found regarding the existing pass/fail limit. This document also proposes some corrections.
2	Discussion
When a test requires counting the number of successful/failing samples, such as throughput measurement, BLER measurement or successful cell selection measurement, the statistical testing concept could be adopted. Statistical testing here means the outcome of the test is a decision, which could be correct (e.g. a DUT with throughput >95% is decided as pass) or in-correct with certain confidence level. The confidence level (CL) describes the probability that the decision is correct.
For a ‘standard’ test, a fixed number of samples are run, and the decision is made by comparing the number of failing samples with a threshold. The threshold could be deviated from the specified target failing rate, e.g. 5% BLER, to reach expected confidence level. Long testing time might be needed to reach a relatively high confidence level.
The early pass/fail concept was used to reduce the test time. The decision could be made every time when a failing sample is observed. If the number of total samples are higher than early pass limit (nsp), the UE could be decided as pass; if the number of total samples are lower than early fail limit (nsf), the UE could be decided as fail. The early pass/fail limit are selected so that the overall confidence level could be reached, e.g. 95%.
There are various ways of deriving the early pass/fail limit. In UTRA, it’s derived using the poisson/Chi-square distribution. In LTE, it’s derived using the inverse binomial distribution. The LTE method is reused in NR specification TS 38.521-1 and TS 38.141-1
The detailed description of the theory is captured in TS 36.521-1 and TS 38.141-1, but still missing in TS 38.521-1. Comparing the theory description in TS 36.521-1 and TS 38.141-1, they produce the early pass/fail limit with exactly the same equations, but the way of description in TS 38.141-1 is more concise. It's more focused on the statistical concept and equations, and is easier to understand. It’s proposed to introduce the theory description into TS 38.521-1 following the similar way of TS 38.141-1.
Proposal 1:	It’s proposed to introduce the theory description into TS 38.521-1 following the similar way of TS 38.141-1.
When looking at the equations of deriving early pass/fail limit, some problems could be observed. 
In clause G.7.10 of TS 36.521-1, it’s indicated that the pass/fail limit is derived by below equations with df=0.004 and clp=0.9975. 


However by running simulation using different combination of {df, clp}, and comparing the result with nsp/nsf values in TS 36.521-1/38.521-1, it could be seen that:
Observation 1:	When clp=0.9945, the simulated nsp values are the closest to that in TS 36.521-1, while there is no clp value resulting the exact same values. In addition, the values in TS 36.521-1 are shifted up by one step.
Observation 2:	When df=0.0044, the simulated nsf values are the closest to that in TS 36.521-1, while there is no df value resulting the exact same values.
Table 1 Comparison between TS 36.521-1 and simulations
	
	36.521-1
	df=0.004
clp=0.9975
	df=0.0043
clp=0.9945
	df=0.0044
clp=0.9945
	df=0.0045
clp=0.9945
	df=0.0001
clp=0.9945

	ne
	nsp
	nsf
	nsp
	nsf
	nsp
	nsf
	nsp
	nsf
	nsp
	nsf
	nsp
	nsf

	0
	67
	N/A
	
	
	
	
	
	
	
	
	
	

	1
	95
	N/A
	77
	1
	67
	1
	67
	1
	67
	1
	67
	1

	2
	119
	2
	106
	3
	95
	3
	95
	3
	95
	3
	95
	2

	3
	141
	7
	131
	8
	119
	8
	119
	8
	119
	8
	119
	3

	4
	162
	14
	154
	14
	141
	15
	141
	15
	141
	15
	141
	7

	5
	183
	22
	176
	22
	162
	23
	162
	23
	162
	23
	162
	11

	6
	202
	32
	197
	32
	183
	32
	183
	32
	183
	32
	183
	17

	7
	222
	42
	218
	42
	203
	42
	203
	42
	203
	43
	203
	24

	8
	241
	53
	238
	52
	222
	53
	222
	53
	222
	53
	222
	31

	9
	259
	64
	257
	64
	241
	64
	241
	64
	241
	65
	241
	39

	10
	278
	76
	277
	75
	259
	76
	259
	76
	259
	76
	259
	48

	11
	296
	88
	295
	87
	278
	88
	278
	88
	278
	89
	278
	57

	12
	314
	100
	314
	100
	296
	101
	296
	101
	296
	101
	296
	67

	13
	332
	113
	333
	112
	314
	113
	314
	114
	314
	114
	314
	77

	14
	349
	126
	351
	125
	332
	126
	332
	127
	332
	127
	332
	87

	15
	367
	140
	369
	139
	349
	140
	349
	140
	349
	140
	349
	98

	16
	384
	153
	387
	152
	367
	153
	367
	154
	367
	154
	367
	109

	17
	401
	167
	405
	166
	384
	167
	384
	167
	384
	168
	384
	120

	18
	418
	181
	422
	180
	401
	181
	401
	181
	401
	182
	401
	132

	19
	435
	195
	440
	194
	419
	195
	419
	195
	419
	196
	419
	143

	20
	452
	209
	457
	208
	436
	209
	436
	210
	436
	210
	436
	155

	21
	469
	224
	474
	222
	453
	223
	453
	224
	453
	224
	453
	167

	22
	486
	238
	492
	237
	469
	238
	469
	238
	469
	239
	469
	180

	23
	503
	253
	509
	251
	486
	253
	486
	253
	486
	254
	486
	192

	24
	519
	268
	526
	266
	503
	267
	503
	268
	503
	268
	503
	205

	25
	536
	283
	543
	281
	520
	282
	520
	283
	520
	283
	520
	217

	26
	552
	298
	560
	295
	536
	297
	536
	298
	536
	298
	536
	230

	27
	569
	313
	577
	310
	553
	312
	553
	313
	553
	313
	553
	243

	28
	585
	328
	593
	325
	569
	327
	569
	328
	569
	328
	569
	257

	29
	602
	343
	610
	341
	585
	342
	585
	343
	585
	344
	585
	270

	30
	618
	359
	627
	356
	602
	358
	602
	358
	602
	359
	602
	283

	31
	634
	374
	643
	371
	618
	373
	618
	374
	618
	374
	618
	297

	32
	650
	389
	660
	387
	634
	389
	634
	389
	634
	390
	634
	310

	33
	667
	405
	676
	402
	651
	404
	651
	405
	651
	405
	651
	324

	34
	683
	421
	693
	418
	667
	420
	667
	420
	667
	421
	667
	338

	35
	699
	436
	709
	433
	683
	435
	683
	436
	683
	437
	683
	352

	36
	715
	452
	725
	449
	699
	451
	699
	452
	699
	452
	699
	366

	37
	731
	468
	742
	465
	715
	467
	715
	467
	715
	468
	715
	380

	NOTE: the numbers in red mark the difference between values in TS 36.521-1 and simulation results.



In addition, as per the description in clause G.7.10 in TS 36.521-1, the values are selected by simulation with a large population of DUTs, to achieve the overall confidence level 95%.
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.
By running simulation with 10000 DUTs, the corresponding pass/fail probability could be summarized as below Table 2. The simulation was run three times for each set of parameters. 
Observation 3: When nsf/nsp are calculated with variants set {df=0.0044, clp=0.9945}, the Confidence Level could reach ~95% for both good DUT and bad DUT.
Table 2	Confidence level of different nsf/nsp values
	
	10000 DUTs with 5% BLER
	10000 DUTs with M*5% BLER

	
	P_false_fail
	P_pass
	P_fail
	P_false_pass

	nsf/nsp in TS 36.521-1
	5.8%
	94.2%
	96.8%
	3.2%

	
	5.2%
	94.8%
	96.4%
	3.6%

	
	4.9%
	95.1%
	96.9%
	3.1%

	df=0.004
clp=0.9975
	5.3%
	94.7%
	97.2%
	2.8%

	
	5.6%
	94.5%
	97.3%
	2.7%

	
	5.0%
	95.0%
	97.4%
	2.6%

	df=0.0044
clp=0.9945
	5.5%
	94.5%
	94.8%
	5.2%

	
	5.6%
	94.4%
	94.8%
	5.2%

	
	6.0%
	94.1%
	95.3%
	4.7%



Proposal 2:	The pass/fail limit in TS 38.521-1 should be updated based on variants set {df=0.0044, clp=0.9945}.
The statistical testing is not only used for RF test cases, but also for demodulation and RRM test cases. The same principle could apply to TS 38.521-4 and TS 38.533.
Proposal 3:	Similar changes need to be made to TS 38.521-4 and TS 38.533.
Since the pass/fail limit in TS 36.521-1 and TS 36.521-3 has been used for a long time for LTE, in order to keep a stable certification environment, it’s preferred to keep current values.
Proposal 4:	It’s proposed to keep current pass/fail limits unchanged in TS 36.521-1 and TS 36.521-3.
3	Conclusions
In this contribution, the following proposals were made:
Proposal 1:	It’s proposed to introduce the theory description into TS 38.521-1 following the similar way of TS 38.141-1.
Proposal 2:	The pass/fail limit in TS 38.521-1 should be updated based on variants set {df=0.0044, clp=0.9945}.
Proposal 3:	Similar changes need to be made to TS 38.521-4 and TS 38.533.
Proposal 4:	It’s proposed to keep current pass/fail limits unchanged in TS 36.521-1 and TS 36.521-3.
Observation 1:	When clp=0.9945, the simulated nsp values are the closest to that in TS 36.521-1, while there is no clp value resulting the exact same values. In addition, the values in TS 36.521-1 are shifted up by one step.
Observation 2:	When df=0.0044, the simulated nsf values are the closest to that in TS 36.521-1, while there is no df value resulting the exact same values.
Observation 3: When nsf/nsp are calculated with variants set {df=0.0044, clp=0.9945}, the Confidence Level could reach 95% for both good DUT and bad DUT.
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