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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 appliccable reference measurment 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

Cusomer 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.2.3 
Numerical definition of the pass fail limits

Table G.2.3-1: 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.2.1.5.

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: since subframe 0 contains less bits than the remaining subframes and subframe 5 contains no data, it is allowed to postpone the decision until the radio frame limit i.e. decide or continue every 10th sample. For a marginal DUT this can lead to the following: At 152 errors the DUT is still undecided. After 10 additional samples table G.2.3-1 does not give all information for a decision. In this case pass the DUT for ER<0.0618, otherwise fail. 
G.2.6
Test conditions for receiver tests

Table G.2.6-1: Test conditions for receiver tests
	Test
	Statistical independence
	Number of  components in the test vector, as specified in the test requirements and initial conditions of the applicable test 
	Over all Pass/Fail condition

	7.3
Reference sensitivity level
	Yes:  the inherent receiver noise is assumed to be AWGN
	tbd
	To pass 7.3 each component in the test vector must pass 

	7.4
Maximum input level
	Unclear:  in case, clipping causes errors, errors are data dependent.
Statistical independence is assumed.
	tbd
	To pass 7.4 each component in the test vector must pass

	7.5
Adjacent Channel Selectivity (ACS)
	Unclear:  errors are data dependent on the interferers data.
Statistical independence is assumed.
	tbd
	To pass 7.5 each component in the test vector must pass

	7.6.1
In-band blocking
	Unclear:  errors are data dependent on the interferers data.
Statistical independence is assumed.
	tbd
	To pass 7.6.1 each component in the test vector must pass

	7.6.2
Out of-band blocking
	yes:  it is assumed that the CW interferer causes errors, which are independent and time invariant.
	tbd
	To pass 7.6.2,  all except [tbd] components in the test vector must pass

	7.6.3
Narrow band blocking
	yes:  it is assumed that the CW interferer causes errors, which are  independent and time invariant.
	tbd
	To pass 7.6.3 each component in the test vector must pass

	7.7
Spurious response
	yes:  it is assumed that the CW interferer causes errors, which are independent and time invariant.
	tbd
	To pass 7.7 each component in the test vector must pass

	7.8.1
Wide band Intermodulation
	Unclear:  errors are dependent on the data content of the interferer.
Statistical independence is assumed.
	tbd
	To pass 7.8.1 each component in the test vector must pass


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:

Cusomer 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 Througput = 0.3 (in case  30% Throughput is tested)

2a) Bad DUT factor M=1.387 (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 testtime is predefined and the decision is done comparing the measured ratio at that instant against the test-limit-ratio.

NOTE 1: since subframe 0 contain less bits than the remaining subframes and subframe 5 contains no data, it is allowed to postpone the decision until the radio frame limit.
NOTE 2: 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. 

NOTE 1: The following delay profiles are applied: EPA, EVA and ETU. It is TBD, if different delay profiles need different minimum test time.

NOTE 2: The following doppler frequency shifts 5, 70 and 300 Hz are applied for the fading profiles.  They influence the minimum test time. For 5 MHz bandwidth and a contiuous DL-signal the minimum test time can be derived from the following rule: No stop of the test  until 990 wavelengths are crossed with the speed given in the fading profile.  (see TS34.121 clause F.6.1)  In TS36.521-1 Annex B Doppler frequency shift is defined instead of speed. This transformes to: No stop until 990 doppler periods are elapsed. 

NOTE 3: The follwing bandwidths are applied: 1.4,  3,  5,  10,  15 and 20 MHz. It is TBD, if the different bandwidths need different minimum test times and which ones. Even single physical resource block (1 PRB ) are tested under fading conditions. This corresponsnds to a BW 0.18MHz.

NOTE 4: Inter TTI distance and TDD create discontinuous transmission. It is TBD, if the prolongation factor for the minimum test time is  “time slots per frame” / “time slots containing DL payload” 

Table G.3.5-1: Minimum Test time

	Δf doppler max
	Minimum test time in sec (NOTE1)

	BW
	1 PRB
	1.4 MHz
	3MHz
	5MHz
	10MHz
	15 MHz
	20 MHz

	5 Hz
	tbd
	tbd
	tbd
	[198]
	tbd
	tbd
	tbd

	70 Hz
	tbd
	tbd
	tbd
	[14.1]
	tbd
	tbd
	tbd

	300 Hz
	tbd
	tbd
	tbd
	[3.3]
	tbd
	tbd
	tbd

	
	
	
	
	
	
	
	

	NOTE 1: in case the DL signal is discontinuous during the testtime, the minimum test time must be multiplied by a factor p>1. p = “time slots per frame” / “time slots containing DL payload”   The precise value of p is tbd.


G.3.6
Test conditions for receiver performance tests

Table G.3.6: Test conditions for receiver performance tests
Table G.3.6-1: Single Antenna Port Performance (Cell-specific Reference Symbols) for test case 8.2.1.1 and 8.2.2.1 demodulation of PDSCH
	Test
	Statistical independence
	Number of  components in the test vector, as specified in the test requirements and initial conditions of the applicable test 
	Over all Pass/Fail condition

	8.2.1.1

FDD PDSCH Single Antenna Port Performance  (Cell-Specific Reference Symbols)

	subframes are independent
	CAT
	1
	2
	3-5
	To pass 8.2.1.1  and 8.2.2.1each component in the test vector must pass 

For UEs, supporting multiple E_UTRA-bands (number of bands =B), the number of repetitions must be multiplied by B.

If a test is defined over a BW>(BW of the E_UTRA band), the test is not applicable and reduces the number of repetitions.

If a test is defined over a BW, which is not supported in the E_UTRAN band, the test is not applicable and reduces the number of repetitions.



	
	
	QPSK
	5
	5
	5
	

	
	
	16QAM
	0
	3
	3
	

	8.2.1.2

TDD PDSCH Single Antenna Port Performance  (Cell-Specific Reference Symbols)
	subframes are independent
	64 QAM
	1
	6
	7
	

	
	
	1PRB
	4
	4
	4
	

	
	
	Σ
	10
	18
	19
	


Table G.3.6-2: Transmit Diversity Performance (Cell-specific Reference Symbols) for test case 8.2.1.2 and 8.2.2.2 demodulation of PDSCH
	Test
	Statistical independence
	Number of  components in the test vector, as specified in the test requirements and initial conditions of the applicable test 
	Over all Pass/Fail condition

	8.2.1.2

FDD PDSCH Transmit Diversity Performance (Cell-Specific Reference Symbols)
	subframes are independent
	CAT
	1
	2
	3-5
	To pass 8.2.1.2 and 8.2.2.2 each component in the test vector must pass

For UEs, supporting multiple E_UTRA-bands (number of bands =B), the number of repetitions must be multiplied by B.

If a test is defined over a BW, which is not supported in the E_UTRAN band, the test is not applicable and reduces the number of repetitions.

	
	
	QPSK
	2
	2
	2
	

	8.2.2.2

TDD PDSCH Transmit Diversity Performance (Cell-Specific Reference Symbols)
	subframes are independent
	16QAM
	0
	1
	1
	

	
	
	Σ
	2
	3
	3
	



Table G.3.6-3: Open Loop Spatial Multiplexing Performance (Cell-specific Reference Symbols) for test case 8.2.1.3 and 8.2.2.3 demodulation of PDSCH
	Test
	Statistical independence
	Number of  components in the test vector, as specified in the test requirements and initial conditions of the applicable test 
	Over all Pass/Fail condition

	8.2.1.3

FDD PDSCH Open Loop Spatial Multiplexing Performance (Cell-Specific Reference Symbols)
	subframes are independent
	CAT
	1
	2
	3-5
	To pass 8.2.1.3 and 8.2.2.3 each component in the test vector must pass

	
	
	16QAM
	0
	2
	2
	

	8.2.2.3

 TDD PDSCH Open Loop Spatial Multiplexing Performance (Cell-Specific Reference Symbols)
	subframes are independent
	Σ
	0
	2
	2
	


Table G.3.6-4: Closed Loop Spatial Multiplexing Performance (Cell-specific Reference Symbols) for test case 8.2.1.4 and 8.2.2.4 demodulation of PDSCH
	Test
	Statistical independence
	Number of  components in the test vector, as specified in the test requirements and initial conditions of the applicable test 
	Over all Pass/Fail condition

	8.2.1.4

FDD PDSCH Closed Loop Spatial Multiplexing Performance (Cell-Specific Reference Symbols)
	subframes are independent
	CAT
	1
	2
	3-5
	To pass 8.2.1.4  and 8.2.2.4 each component in the test vector must pass

	
	
	Single layer

QPSK
	3
	3
	3
	

	8.2.2.4

TDD PDSCH Closed Loop Spatial Multiplexing Performance (Cell-Specific Reference Symbols)
	subframes are independent
	Multi layer

16QAM
	0
	3
	3
	

	
	
	Σ
	3
	6
	6
	


Table G.3.6-5: Performance (UE-specific Reference Symbols) for test case 8.3.2.1 demodulation of PDSCH
	Test
	Statistical independence
	Number of  components in the test vector, as specified in the test requirements and initial conditions of the applicable test 
	Over all Pass/Fail condition

	8.3.2.1

TDD Demodulation of PDSCH (UE-Specific Reference Symbols)
	subframes are independent
	Cat
	1
	2
	3-5
	To pass 8.3.2.1 each component in the test vector must pass

	
	
	QPSK
	1
	1
	1
	

	
	
	16QAM
	1
	2
	2
	

	
	
	64 QAM
	0
	1
	1
	

	
	
	Σ
	2
	4
	4
	


G.4
Statistical testing of Performance Requirements with probabilitiy of misdetection

G.4.1
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 analyzing the reaction of the UE to this signal.

In (2) is the statistical aspect of the test and is treated here.

The minimum requirement for those receiver performance tests are 1% or 0.1% misdetection probability

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.4.2
Mapping the UE reaction to error ratio

The UE can not indicate the detection or misdetection of the physical channel under test directly. Indirect methods are described in the procedure of the applicable test. 

G.4.3
Design of the test

G.2.3 applies, exception:

Limit ER = 0.01 and ER = 0.001
G.4.4
Numerical definition of the pass fail limits

Table G.4.4-1 pass fail limits for ER = 0.01
	ne
	nsp
	nsf
	ne
	nsp
	nsf
	ne
	nsp
	nsf
	ne
	nsp
	nsf

	0
	344
	NA
	40
	3929
	2553
	80
	7033
	5874
	120
	10036
	9354

	1
	485
	NA
	41
	4009
	2632
	81
	7109
	5960
	121
	10110
	9442

	2
	607
	10
	42
	4089
	2712
	82
	7185
	6046
	122
	10184
	9530

	3
	719
	33
	43
	4168
	2792
	83
	7261
	6131
	123
	10259
	9619

	4
	826
	66
	44
	4247
	2873
	84
	7336
	6217
	124
	10333
	9707

	5
	929
	107
	45
	4327
	2953
	85
	7412
	6303
	125
	10407
	9796

	6
	1029
	152
	46
	4406
	3034
	86
	7488
	6389
	126
	10481
	9884

	7
	1127
	202
	47
	4484
	3115
	87
	7564
	6475
	127
	10555
	9972

	8
	1223
	255
	48
	4563
	3196
	88
	7639
	6561
	128
	10629
	10061

	9
	1317
	311
	49
	4642
	3278
	89
	7715
	6648
	129
	10703
	10150

	10
	1409
	370
	50
	4720
	3359
	90
	7790
	6734
	130
	10777
	10238

	11
	1501
	430
	51
	4799
	3441
	91
	7866
	6820
	131
	10851
	10327

	12
	1592
	492
	52
	4877
	3523
	92
	7941
	6907
	132
	10925
	10416

	13
	1681
	555
	53
	4955
	3605
	93
	8017
	6993
	133
	10999
	10504

	14
	1770
	620
	54
	5033
	3688
	94
	8092
	7080
	134
	11073
	10593

	15
	1858
	686
	55
	5111
	3770
	95
	8167
	7167
	135
	11147
	10682

	16
	1946
	754
	56
	5189
	3853
	96
	8242
	7253
	136
	11221
	10771

	17
	2032
	822
	57
	5267
	3935
	97
	8317
	7340
	137
	11295
	10860

	18
	2119
	891
	58
	5344
	4018
	98
	8393
	7427
	138
	11369
	10949

	19
	2204
	961
	59
	5422
	4101
	99
	8468
	7514
	139
	11442
	11038

	20
	2290
	1032
	60
	5499
	4185
	100
	8543
	7601
	140
	11516
	11127

	21
	2374
	1103
	61
	5577
	4268
	101
	8618
	7688
	141
	11590
	11216

	22
	2459
	1175
	62
	5654
	4352
	102
	8693
	7775
	142
	11664
	11305

	23
	2543
	1248
	63
	5731
	4435
	103
	8768
	7863
	143
	11737
	11394

	24
	2627
	1321
	64
	5809
	4519
	104
	8843
	7950
	144
	11811
	11483

	25
	2710
	1395
	65
	5886
	4603
	105
	8917
	8037
	145
	11885
	11573

	26
	2793
	1470
	66
	5963
	4687
	106
	8992
	8125
	146
	11958
	11662

	27
	2876
	1544
	67
	6039
	4771
	107
	9067
	8212
	147
	12032
	11751

	28
	2958
	1620
	68
	6116
	4855
	108
	9142
	8300
	148
	12105
	11840

	29
	3040
	1696
	69
	6193
	4940
	109
	9216
	8387
	149
	12179
	11930

	30
	3122
	1772
	70
	6270
	5024
	110
	9291
	8475
	150
	12252
	12019

	31
	3204
	1848
	71
	6346
	5109
	111
	9366
	8562
	151
	12326
	12109

	32
	3285
	1925
	72
	6423
	5193
	112
	9440
	8650
	152
	12399
	12198

	33
	3366
	2003
	73
	6499
	5278
	113
	9515
	8738
	153
	12473
	12288

	34
	3447
	2080
	74
	6576
	5363
	114
	9589
	8826
	154
	12546
	12377

	35
	3528
	2158
	75
	6652
	5448
	115
	9664
	8914
	155
	12620
	12467

	36
	3609
	2237
	76
	6728
	5533
	116
	9738
	9002
	156
	12693
	12556

	37
	3689
	2315
	77
	6805
	5618
	117
	9813
	9090
	157
	12767
	12646

	38
	3769
	2394
	78
	6881
	5704
	118
	9887
	9178
	158
	12840
	12736

	39
	3850
	2473
	79
	6957
	5789
	119
	9962
	9266
	159
	12913
	12826

	
	
	
	
	
	
	
	
	
	160
	NA
	12915


Table G.4.4-2 pass fail limits for ER = 0.001

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

	0
	3463
	NA
	41
	40174
	26265
	82
	71961
	60368
	123
	102723
	96075

	1
	4874
	4
	42
	40971
	27063
	83
	72720
	61225
	124
	103465
	96958

	2
	6096
	99
	43
	41766
	27863
	84
	73479
	62083
	125
	104208
	97842

	3
	7226
	329
	44
	42559
	28666
	85
	74237
	62941
	126
	104949
	98726

	4
	8298
	658
	45
	43352
	29471
	86
	74995
	63801
	127
	105691
	99610

	5
	9330
	1059
	46
	44142
	30279
	87
	75752
	64661
	128
	106432
	100495

	6
	10332
	1513
	47
	44932
	31088
	88
	76509
	65522
	129
	107173
	101380

	7
	11310
	2009
	48
	45720
	31899
	89
	77265
	66383
	130
	107914
	102266

	8
	12269
	2539
	49
	46507
	32713
	90
	78020
	67246
	131
	108655
	103152

	9
	13212
	3096
	50
	47293
	33528
	91
	78776
	68109
	132
	109395
	104039

	10
	14141
	3677
	51
	48078
	34345
	92
	79530
	68973
	133
	110135
	104926

	11
	15058
	4278
	52
	48861
	35164
	93
	80285
	69838
	134
	110875
	105813

	12
	15965
	4896
	53
	49644
	35984
	94
	81038
	70704
	135
	111614
	106701

	13
	16863
	5530
	54
	50425
	36807
	95
	81792
	71570
	136
	112353
	107589

	14
	17753
	6177
	55
	51205
	37631
	96
	82544
	72437
	137
	113092
	108478

	15
	18635
	6836
	56
	51985
	38456
	97
	83297
	73305
	138
	113830
	109367

	16
	19511
	7507
	57
	52763
	39283
	98
	84049
	74173
	139
	114569
	110257

	17
	20380
	8188
	58
	53541
	40112
	99
	84800
	75042
	140
	115307
	111146

	18
	21244
	8878
	59
	54317
	40942
	100
	85551
	75911
	141
	116045
	112037

	19
	22103
	9576
	60
	55092
	41773
	101
	86302
	76782
	142
	116782
	112927

	20
	22957
	10282
	61
	55867
	42606
	102
	87052
	77653
	143
	117520
	113818

	21
	23806
	10995
	62
	56641
	43440
	103
	87802
	78524
	144
	118257
	114710

	22
	24652
	11715
	63
	57414
	44276
	104
	88552
	79396
	145
	118994
	115602

	23
	25493
	12441
	64
	58186
	45113
	105
	89301
	80269
	146
	119730
	116494

	24
	26331
	13173
	65
	58957
	45951
	106
	90050
	81143
	147
	120466
	117386

	25
	27166
	13911
	66
	59728
	46790
	107
	90798
	82017
	148
	121203
	118279

	26
	27997
	14654
	67
	60497
	47631
	108
	91546
	82891
	149
	121939
	119173

	27
	28826
	15401
	68
	61266
	48472
	109
	92293
	83766
	150
	122674
	120066

	28
	29651
	16154
	69
	62035
	49315
	110
	93041
	84642
	151
	123410
	120960

	29
	30474
	16910
	70
	62802
	50159
	111
	93787
	85518
	152
	124145
	121855

	30
	31294
	17671
	71
	63569
	51004
	112
	94534
	86395
	153
	124880
	122749

	31
	32111
	18436
	72
	64335
	51851
	113
	95280
	87273
	154
	125615
	123644

	32
	32927
	19204
	73
	65100
	52698
	114
	96026
	88151
	155
	126349
	124540

	33
	33740
	19976
	74
	65865
	53546
	115
	96771
	89029
	156
	127083
	125435

	34
	34551
	20752
	75
	66629
	54396
	116
	97516
	89908
	157
	127818
	126332

	35
	35360
	21531
	76
	67393
	55246
	117
	98261
	90788
	158
	128551
	127228

	36
	36166
	22312
	77
	68156
	56097
	118
	99005
	91668
	159
	129285
	128125

	37
	36971
	23097
	78
	68918
	56950
	119
	99750
	92548
	160
	130019
	129022

	38
	37775
	23885
	79
	69679
	57803
	120
	100493
	93429
	161
	130752
	129919

	39
	38576
	24676
	80
	70440
	58657
	121
	101237
	94311
	162
	NA
	130817

	40
	39376
	25469
	81
	71201
	59512
	122
	101980
	95193
	
	
	


NOTE 1: The first column is the number of errors (ne = number of misdetections)

NOTE 2: The second column is the number of  samples for the pass limit (nsp  , ns=Number of Samples= number misdetections + number of detections )

NOTE 3: The third column is the number of  samples for the fail limit (nsf)

G.4.5
Pass fail decision rules

G.2.5 applies

NOTE 1: For ER=0.01 an ideal DUT passes after 344 samples. The maximum test time is 12913 samples. .For ER=0.001 an ideal DUT passes after 3463 samples. The maximum test time is 130752 samples.

G.4.6
Minimum Test time

G.3.5 applies

G.4.7
Test conditions for receiver performance tests

Table G.4.7: Test conditions for receiver performance tests

	Test
	Statistical independence
	Number of  components in the test vector, as specified in the test requirements and initial conditions of the applicable test 
	Over all Pass/Fail condition
Restrictions and extentions see Table G.3.6-1

	8.4.1.1

FDD PCFICH/PDCCH Single-antenna Port Performance
	A misdetection is an independent event
	1
	NA

	8.4.1.2
FDD PCFICH/PDCCH Transmit Diversity Performance
	A misdetection is an independent event
	2
	To pass 8.4.1.2 each component in the test vector must pass

	8.4.2.1

TDD PCFICH/PDCCH Single-antenna Port Performance
	A misdetection is an independent event
	1
	NA

	8.4.2.2


TDD PCFICH/PDCCH Transmit Diversity Performance
	A misdetection is an independent event
	2
	To pass 8.4.2.2 each component in the test vector must pass

	8.5.1.1


FDD PHICH Single-antenna Port Performance
	A misdetection is an independent event
	2
	To pass 8.5.1.1 each component in the test vector must pass

	8.5.1.2
FDD PHICH Transmit Diversity Performance
	A misdetection is an independent event
	2
	To pass 8.5.1.2 each component in the test vector must pass

	8.5.2.1
TDD PHICH Single-antenna Port Performance
	A misdetection is an independent event
	2
	To pass 8.5.2.1 each component in the test vector must pass

	8.5.2.2
TDD PHICH Transmit Diversity Performance
	A misdetection is an independent event
	2
	To pass 8.5.2.2 each component in the test vector must pass


G.X
Theory to derive the numbers in Table G.2.1.3-1 (Informative)

Editor’s note: this section of the Annex G  is for information only and it described the  background theory and  information to derive the entries in the table G.2.1.3-1.
G.X.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.X.2
Test Design

A statistical test is characterised by:

Test-time, Selectivity and Confidence level.

G.X.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 complepement is the wrong decision probability (risk) D = 1-CL 

G.X.4
Introduction: Supplier Risk versus Customer Risk 

There are two targets of decision:

1. (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 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 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”.

2. (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 the bad direction. Given the DUT-quality is distributed, a greater CL passes more and worse DUTs. 

(bb) A DUT, known to be an (ε(0) 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.X.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 (ε(0) 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.X.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.X.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.X.8
Selectivity 

There is no statistical test which can discriminate between a limit DUT and a  DUT which is an (ε(0) 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-qualityt * m (m<1)

Using e.g  M>1 and  CL=95%  the test for different DUT qualities yield different pass probabilities:
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Figure G.X.8-1: Pass probability versus DUT quality


G.X.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

Cusomer 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 comumn 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.X.10
Simulation to derive the  pass fail limits in Table G.2.1.3-1

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.
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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.
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