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Introduction

T1/RF has started a discussion regarding test criteria for statistical nature of tests like BER/BLER in T1/RF #14 meeting. This paper shows some examples of test criteria from other specifications. Some of them could be applied for TS34.121/34.122 conceptually. The instances (values) should be evaluated carefully, because the test conditions and procedures are not always same with ones of other specifications.

In this paper, neither measurement uncertainty nor test tolerances is taken into account to avoid too much complexity for discussion.

GSM approach

GSM 11.10[1] describes “Test criteria” in clause “14 Receiver” as follows;

The limits on number of samples and test limit error rate shall be defined in order to comply with different requirements:

1)
to keep reasonably low the risk of passing a bad unit for each individual test;

2)
to have high probability of passing a good unit for each individual test;

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

4)
to keep the test time as low as possible.
This concept is well considered, and may be applied for T1/RF test specifications. The followings are more detailed discussion for each point;

1. to keep reasonably low the risk of passing a bad unit for each individual test
GSM 11.10 introduces the definition of “bad” unit, for example, if its BER (or FER) performance is 1,5 times worse than specified in static condition. And it discussed that the risk of passing a “bad” unit should be kept lower than 0,2%. Supposing that BER specification is 1%, then “bad” unit BER is calculated as 1,5%. 
Definitions: “bad” unit multiplication factor Mbad [1,5], confidence limit Cbad [0,2%], which is a risk of passing a “bad” unit, specification (BER, etc.) Lspec[1%], and “bad” unit result Lbad[1,5%] (See Figure.1)

2. to have high probability of passing a good unit for each individual test
The probability of passing a good unit operating on the specification limit of performance should be at least 99,7%. 
Definition: confidence limit Cgood[99,7%], which is a probability of passing a good unit operating on the specification limit of performance. (See Figure.1)

Example: BER measurement (no fading case)

Lspec: 0,1%    Lbad:0,15% (Mbad: 1,5)

Cgood: >99,7% (u>2.75) Cbad: <0,2% (u<-2.88)   

Nmin: 200 000  Emin: 200 Ltest: 0,12% (Error events for Ltest: 240)   Cgood=99,77%  Cbad < 0,1%

[image: image3.wmf]
3. to perform measurements with a high degree of statistical significance
Minimal number of error events is defined as not lower than 200 in static condition, assuming that the error events are random independent variables and outputs of stationary random processes with identical Gaussian distributions. Supposing that test limit is 0,1%,  the total number of events to be tested should be equal or more than 200 000 events.
For multipath propagation conditions, the hypothesis of stationary random processes does not generally hold. A minimal test time (minimal number of events to be tested) according propagation profile should also be taken into account in the case of propagation conditions.
Definitions: minimal number of error events Emin[200],  minimal number of events to be tested Nmin[200 000], and test limit Ltest[0,1%] (See Figure.1)


Figure.1 illustration of each parameters

4. to keep the test time as low as possible
No optimization method for test time is described. 

IS98 Approach

TIA/EIA-98-C[2] describes the concept of  “Confidence interval” in Annex A. This is a good strategy to compromise a trade-off between more severe specification and shorten test time. With statistical approach, it proves that a good unit can shorten its test time.

Discussion

It is suggested that GSM approach can be applied to determine the required (minimal) number of test events. In order to take this approach, it is required that some parameters should be evaluated test by test (or by considering test conditions). Once the required number of test events is determined, IS98 approach can be applied to reduce the test time.

This paper does not describe how the test tolerance issue can be taken into account simultaneously. This is still an open issue.
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14 Receiver
In this section on receiver measurements, the procedures to test equipment which is fitted with a permanent antenna
connector, and the procedures to test equipment which is designed to only be used with an integral antenna, are in
general combined into one single test description.


Tests on Mobile Stations fitted with an integral antenna and having no means of connecting an external antenna are
specified in terms of received field strength. In order to perform tests on such Mobile Stations without the need for
separated access to a calibrated test site a temporary antenna connector is used as defined in annex 1 section 1.1.3
(General Conditions).


In practice the temporary antenna connector may be used for transmitter measurements described in section 3, but the
calibration factors determined in [Annex 1] will not be directly usable. The detailed calibration, when needed, for
transmission tests are described in the relevant sections of 3.


Wherever in this section, for FACCH tests, the SS is required to send a Layer 3 message not requiring a Layer 3
response from the MS the message can be a TEST INTERFACE message or a STATUS message, possibly with an
unknown Protocol Discriminator.


Testing philosophy


Certain assumptions concerning the functional mechanisms of GSM receivers have been made in order to define tests
that will verify the receiver performance without excessive redundancy and excessive test times.


The receiver functions can be divided into:


- Analogue RF and IF stages that are affected by input levels, temperature and power supply levels.


- Demodulator that is affected by input levels and interfering signals.


- Decoders that are affected by the different logical channels and input levels.


The tests are designed to stress each of these blocks with a minimum of redundancy.


Statistical testing of receiver BER/FER performance


Error Definition


1) Frame Erasure Ratio (FER)


A frame is defined as erased if the error detection functions in the receiver, operating in accordance with
GSM 05.03, indicate an error (BFI = 1). For full rate or half rate speech this is the result of the 3 bit cyclic
redundancy check (CRC) as well as other processing functions that cause a Bad Frame Indication (BFI). For
signalling channels it is the result of the FIRE code or any other block code used. For data traffic FER is not
defined.


2) Residual Bit Error Ratio (RBER)


The Residual Bit Error Ratio is defined as the Bit Error Ratio (BER) in frames which have not been declared as
erased.


3) Bit Error Ratio (BER)


The Bit Error Ratio is defined as the ratio of the bits wrongly received to all data bits sent.


4) Unreliable Frame Ratio (UFR)


The Unreliable Frame Ratio is defined as the ratio of frames declared as erased (BFI=1), or unreliable (UFI=1),
to the total number of frames transmitted. An unreliable frame is indicated by setting the UFI flag (UFI=1) and
an erased frame is indicated by setting the BFI flag (BFI=1). (See GSM 06.21.)







(GSM 11.10-1 version 8.2.0 Release 1999) 265 Draft ETSI EN 300 607-1 V8.2.0 (2000-06)


ETSI


5) Erased SID Frame Ratio (ESIDR)


A SID Frame is erased (SID=0) when the MS does not detect a valid transmitted SID frame as a valid SID
frame (SID=2), or an invalid SID frame (SID=1). The Erased SID Frame Ratio is defined as the ratio of erased
SID frames (SID=0), to the total number of valid SID frames transmitted. (See GSM 06.41.)


6) Erased Valid SID Frame Ratio (EVSIDR).


An Erased Valid SID Frame is declared when the MS does not detect a valid transmitted SID frame as a valid
SID frame (SID=2) and (BFI=0 and UFI=0). The Erased Valid SID Frame Ratio is defined as the ratio of
erased valid SID frames (SID=0), or (SID=1), or ((BFI or UFI)=1), to the total number of valid SID frames
transmitted. (See GSM 06.41.)


Test method


Each test is performed in the following manner:


a) Set up the required test conditions.


b) Perform the test for at least the minimum number of samples (frames, bits or bits from non erased frames) and
record the number of offered samples and the number of occurred events (frame, bit or residual bit errors).


c) Terminate the test and determine the test result ("pass" or "fail") by comparing the measured error rate against
the test limit error rate.


It is permitted to run the test over more samples than the value stated for minimum number of samples. The
effect of increasing the number of samples is always to give a higher probability that a good unit will pass and a
lower risk that a bad unit will pass, according to the definitions of good and bad unit in this section.


Test criteria


The limits on number of samples and test limit error rate shall be defined in order to comply with different
requirements:


1) to keep reasonably low the risk of passing a bad unit for each individual test;


2) to have high probability of passing a good unit for each individual test;


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


4) to keep the test time as low as possible.


The risk of passing a bad unit (point 1) should be kept lower than 0,2 %. The performance on a full rate channel, or a
half rate data channel, is generally considered "bad" if its BER (or FER) performance is 1,5 times worse than that
specified in AWGN (Additive White Gaussian Noise) and 1,26 times worse than that specified in multipath
environment. These values have been adopted (taking into account the expected shapes of the BER performance) in
order not to pass a unit with performance worse than the specifications by more than 1 dB.


The performance on a half rate speech channel, is generally considered "bad" if the BER (or FER, or UFR) is worse
than that specified, multiplied by the factors given in table 14-1. These values have been adopted (taking into account
the expected shapes of the BER performance) in order not to pass a unit with performance worse than the
specifications by more than 1 dB.
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Table 14-1: TCH/HS "bad" unit multiplication factors


GSM 400 and GSM 900 DCS 1 800
Propagation Conditions TUlow


(No FH)
TUhigh


(FH/
No FH)


HT
(No FH)


RA
(No FH)


TUlow
(No FH)


TUhigh
(FH/


No FH)


HT
(No FH)


RA
(No FH)


Reference sensitivity:
TCH/HS FER 1,7 1,7
TCH/HS class Ib (BFI=0) 2,2 2,0
TCH/HS class II (BFI=0) 1,2 1,2 1,2 1,2 1,2 1,2
TCH/HS UFR 2,0 1,9
TCH/HS class Ib (BFI=0 and
UFI=0)


1,8 1,7


Reference interference:
TCH/HS FER 1,6 1,6
TCH/HS class Ib (BFI=0) 1,8 1,8
TCH/HS class II (BFI=0) 1,2 1,2
TCH/HS UFR 1,6 1,6
TCH/HS class Ib (BFI or
UFI)=0


1,4 1,4


EVSIDR 1,2 1,2
RBER (SID=2 & (BFI or
UFI)=0


1,3 1,3


ESIDR 1,3 1,3
RBER (SID=1 or SID=2) 1,3 1,3


The probability of passing a good unit operating on the specification limit of performance (point 2) should be at least
99,7 %.


If the error events can be assumed to be random independent variables, outputs of stationary random processes with
identical Gaussian distributions, the previous figures suggest a number of events (point 3) not lower than 200 in
AWGN channel and not lower than 600 in a multipath environment, and to test a BER (or FER) performance 1,22
times worse than that specified in AWGN and 1,12 times worse than that specified in a multipath environment (this
corresponds to testing a performance, at the most, 0,5 dB worse than that specified).


For multipath propagation conditions the hypothesis of stationary random processes does not generally hold. In case of
non frequency hopping operation mode, the radio channel may be assumed to change 10 times per wavelength of
travelled distance and to be short term stationary in between. So, in this case, the required observation time for having
good statistical properties should not be lower (with some rounding) than that reported in table 14-1.


Table 14-2: Minimum test time according to propagation profile


GSM 400 and GSM 900 DCS 1 800
Propagation
Conditions


TUlow TUhigh HT RA TUlow TUhigh HT RA


Min. test time (s) 500 30 15 6 500 15 7,5 6


Tables 14-3 and 14-4 detail, for the different test conditions, the minimum number of samples required in order to
meet points 1) to 3): the corresponding test time (point 4) can be consequently computed.


As can be seen in the tables, in some of the cases in which both FER and RBER have to be tested on the same channel,
the length of time for the FER measurement has been adopted for the RBER measurement. This is longer than that
required for the RBER only according to the discussed criteria, but allows the use of a test limit error rate closer to the
specified error rate while maintaining the same statistical significance. When, as is normal, it is desired to perform the
FER and RBER tests, the closer test limit error rate for the RBER measurement can be achieved without increasing the
total test time. It is always possible to extend the length of any test and further improve the statistical significance of
that test.
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Table 14-3: Test conditions for GSM 400 and GSM 900


Type of test Type of channel Propagation/
frequency
conditions


Speci-
fied FER/


BER
%


Test limit
FER/ BER


%


Minimum
No of


samples


Prob that
good unit


will
pass %


Bad unit
BER/ FER


%


Risk that
bad unit
will pass


BFI TCH/FS Static 0,033 0,041 492000 99,813 0,050 0,140
TCH/FS Static / FH 0,033 0,041 492000 99,813 0,050 0,140


Sensitivity TCH/FS Static/FH 0,100*α 0,122*α 164000 99,717 0,150*α 0,140
,, TCH/FS Class Ib Static/FH 0,400/α 0,410/α 20000000 100,000 0,600/α <0,001
,, TCH/FS Class II Static/FH 2,000 2,439 8200 99,714 3,000 0,001
,, TCH/FS TUhigh/No FH 6,000*α 6,742*α 8900 99,825 7,560*α 0,162
,, TCH/FS Class Ib TUhigh/No FH 0,400/α 0,420/α 1000000 99,919 0,504/α <0,001
,, TCH/FS Class II TUhigh/No FH 8,000 8,333 120000 99,999 10,080 <0,001
,, TCH/FS Class II HT/No FH 9,000 9,333 60000 99,779 11,340 <0,001
,, TCH/FS Class II RA/No FH 7,000 7,500 24000 99,873 8,694 <0,001
,, TCH/EFS Static/FH 0,100 0,122 164000 99,758 0,150 0,171
,, TCH/EFS Class Ib Static/FH 0,100 0,110 20000000 100 0,150 <0,001
,, TCH/EFS Class II Static/FH 2,000 2,439 8200 99,753 3,000 0,168
,, TCH/EFS TUhigh/No FH 8,000 8,867 8900 99,808 10,080 0,016
,, TCH/EFS Class Ib TUhigh/No FH 0,210 0,224 1000000 99,887 0,265 <0,001
,, TCH/EFS Class II TUhigh/No FH 7,000 7,500 120000 99,999 8,820 <0,001
,, TCH/EFS Class II HT/No FH 9,000 9,350 60000 99,787 11,340 <0,001
,, TCH/EFS Class II RA/No FH 7,000 7,500 24000 99,829 8,820 <0,001
,, TCH/HS (FER) TUhigh/No FH 4,100 4,598 13050 99,776 6,970 <0,001
,, TCH/HS Class Ib


(BFI=0)
TUhigh/No FH 0,360 0,404 148500 99,750 0,792 <0,001


,, TCH/HS Class II
(BFI=0)


TUhigh/No FH 6,900 7,725 25500 100,00 8,280 0,061


,, TCH/HS Class II
(BFI=0)


HT/No FH 7,600 8,500 20000 100,00 9,120 0,110


,, TCH/HS Class II
(BFI=0)


RA/No FH 6,800 7,600 20000 100,00 8,160 0,182


,, TCH/HS (UFR) TUhigh/No FH 5,600 6,250 9600 99,702 11,200 <0,001
,, TCH/HS Class Ib (BFI or


UFI)=0
TUhigh/No FH 0,240 0,269 227000 99,721 0,432 <0,001


,, FACCH/F TUhigh/No FH 8,000 8,961 6696 99,798 10,080 0,108
,, FACCH/H TUhigh/No FH 6,900 7,728 7764 99,785 8,694 0,115
,, TCH/F9,6&H4,8 HT/No FH 0,700 0,778 180000 99,995 0,882 <0,001
,, TCH/F4,8 HT/No FH 0,010 0,011 5350000 99,732 0,013 0,197
,, TCH/F2,4 HT/No FH 0,001 0,001 11900000 99,734 0,002 <0,001
,, TCH/H2,4 HT/No FH 0,010 0,011 5350000 99,732 0,013 0,197
Input level TCH/FS Class II Static<-40dBm 0,010 0,012 1640000 99,716 0,015 0,141
Input level TCH/FS Class II Static<-15dBm 0,100 0,122 164000 99,717 0,150 0,140
range TCH/FS Class II EQ 3,000 3,250 120000 100,000 3,780 <0,001
Co-channel TCH/FS TUlow/No FH 21,000*α 24,000*α 25000 100,000 27,720*α <0,001
rejection TCH/FS Class Ib TUlow/No FH 2,000/α 2,091/α 3300000 100,000 2,520/α <0,001
,, TCH/FS Class II TUlow/No FH 4,000 4,300 2000000 100,000 5,040 <0,001
,, TCH/FS TUhigh/FH 3,000*α 3,371*α 17800 99,797 3,780*α 0,194
,, TCH/FS Class Ib TUhigh/FH 0,200/α 0,215/α 2000000 100,000 0,252/α <0,001
,, TCH/FS Class II TUhigh/FH 8,000 8,333 1200000 100,000 10,080 <0,001
,, TCH/EFS TUlow/No FH 23,000 24,000 25000 99,951 27,720 <0,001
,, TCH/EFS Class Ib TUlow/No FH 0,2000 0,209 3300000 99,987 0,252 <0,001
,, TCH/EFS Class II TUlow/No FH 3,000 3,039 2000000 99,927 3,780 <0,001
,, TCH/EFS TUhigh/FH 3,000 3,357 17800 99,702 3,780 0,185
,, TCH/EFS Class Ib TUhigh/FH 0,100 0,115 2000000 100,00 0,126 <0,001
,, TCH/EFS Class II TUhigh/FH 8,000 8,333 1200000 99,998 10,08 <0,001
,, FACCH/F TUlow/No FH 22,000 24,000 25000 100,000 27,720 <0,001
,, FACCH/H TUlow/No FH 22,000 24,000 25000 100,000 27,720 <0,001
,, TCH/F9,6 or H4,8 TUhigh/FH 0,300 0,336 178500 99,716 0,378 0,180
,, TCH/F4,8 TUhigh/FH 0,010 0,011 5350000 99,732 0,013 0,197
,, TCH/F2,4 TUhigh/FH 0,001 0,001 11900000 99,734 0,002 <0,001
,, TCH/H2,4 TUhigh/FH 0,010 0,011 5350000 99,732 0,013 0,197







(GSM 11.10-1 version 8.2.0 Release 1999) 268 Draft ETSI EN 300 607-1 V8.2.0 (2000-06)


ETSI


Table 14-3: Test conditions for GSM 400 and GSM 900 (concluded)


Type of test Type of channel Propagation/
frequency
conditions


Specified
FER/BER 


%


Test limit
FER/BER 


%


Minimum
No of


samples


Prob that
good unit


will
pass %


Bad unit
BER/FER 


%


Risk that
bad unit
will pass


Adjacent TCH/FS TUhigh/No FH 6,000*α 6,742*α 8900 99,825 7,560*α 0,162
channel TCH/FS Class Ib TUhigh/No FH 0,400/α 0,420/α 1000000 99,919 0,504/α <0,001
200 kHz TCH/FS Class II TUhigh/No FH 8,000 8,333 600000 100,000 10,080 <0,001
,, TCH/HS (FER) TUhigh/FH 5,000 5,607 10700 99,787 8,000 <0,001
,, TCH/HS Class Ib


(BFI=0)
TUhigh/FH 0,290 0,325 184700 99,711 0,522 <0,001


,, TCH/HS Class II
(BFI=0)


TUhigh/FH 7,100 7,961 25500 100,00 8,520 0,065


,, TCH/HS (UFR) TUhigh/FH 6,100 6,834 8780 99,781 9,760 <0,001
,, TCH/HS Class Ib  (BFI


or UFI)=0
TUhigh/FH 0,210 0,235 255000 99,715 0,294 <0,001


,, EVSIDR TUlow/No FH 21,900 24,000 25000 100,000 26,280 <0,001
,, SID RBER (SID=2 and


(BFI or UFI=0)
TUlow/No FH 0,020 0,022 2678500 99,705 0,026 0,010


,, ESIDR TUlow/No FH 17,100 19,152 25000 100,000 22,230 <0,001
,, SID RBER  (SID=1 or


SID=2)
TUlow/No FH 0,500 0,560 500000 100,000 0,650 <0,001


,, FACCH/F TUhigh/No FH 9,500 10,640 5639 99,812 11,970 0,096
Adjacent TCH/FS TUhigh/No FH 10,200*α 11,461*α 8900 99,995 12,852*α 0,004
channel TCH/FS Class Ib TUhigh/No FH 0,720/α 0,756/α 1000000 99,999 0,9077/α <0,001
400 kHz TCH/FS Class II TUhigh/No FH 8,800 9,167 600000 100,000 11,088 <0,001
,, FACCH/F TUhigh/No FH 17,100 19,152 3133 99,878 21,546 <0,052
Intermod. TCH/FS Class II Static 2,000 2,439 8200 99,741 3,000 0,122


FACCH/F TUhigh/No FH 8,000 8,961 6696 99,798 10,080 0,108
Blocking & TCH/FS Class II Static 2,000 2,439 8200 99,741 4,000 <0,001
spurious resp. FACCH/F TUhigh/No FH 8,000 8,961 6696 99,798 10,080 0,108
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Table 14-4: Test conditions for DCS 1 800


Type of test Type of channel Propagation/
Frequency
conditions


Specified Test limit
FER/BER


%


Mini-mum
No of


samples


Prob that
good unit


will
pass %


Bad unit
FER/BER


%


Risk that
bad unit
will pass


BFI TCH/FS Static 0,033 0,041 492000 99,813 0,050 0,140
TCH/FS Static/FH 0,033 0,041 492000 99,813 0,050 0,140


Sensitivity TCH/FS Static/FH 0,100*α 0,122*α 164000 99,717 0,150*α 0,140
,, TCH/FS Class Ib Static/FH 0,400/α 0,410/α 20000000 100,000 0,600/α <0,001
,, TCH/FS Class II Static/FH 2,000 2,439 8200 99,714 3,000 0,001
,, TCH/FS TUhigh/No FH 4,000*α 4,478*α 13400 99,743 5,040*α 0,133
,, TCH/FS Class Ib TUhigh/No FH 0,300/α 0,320/α 1500000 100,000 0,378/α <0,001
,, TCH/FS Class II TUhigh/No FH 8,000 8,333 60000 99,865 10,080 <0,001
,, TCH/FS Class II HT/No FH 9,000 9,333 30000 97,826 11,340 <0,001
,, TCH/FS Class II RA/No FH 7,000 7,500 24000 99,873 8,820 <0,001
,, TCH/EFS Static/FH 0,100 0,122 164000 99,758 0,150 0,171
,, TCH/EFS Class Ib Static/FH 0,100 0,110 20000000 100,00 0,150 <0,001
,, TCH/EFS Class II Static/FH 2,000 2,439 8200 99,753 3,000 0,168
,, TCH/EFS TUhigh/No FH 4,000 4,475 13400 99,701 5,040 0,179
,, TCH/EFS Class Ib TUhigh/No FH 0,120 0,130 1500000 99,979 0,151 <0,001
,, TCH/EFS Class II TUhigh/No FH 8,000 8,333 60000 99,804 10,080 <0,001
,, TCH/EFS Class II HT/No FH 9,000 9,498 30000 99,798 11,340 <0,001
,, TCH/EFS Class II RA/No FH 7,000 7,500 24000 99,829 8,820 <0,001
,, TCH/HS (FER) TUhigh/No FH 4,200 4,706 12750 99,763 7,140 <0,001
,, TCH/HS Class Ib


(BFI=0)
TUhigh/No FH 0,380 0,426 141000 99,706 0,760 <0,001


,, TCH/HS Class II
(BFI=0)


TUhigh/No FH 6,900 7,725 25500 100,00 8,280 0,061


,, TCH/HS Class II
(BFI=0)


HT/No FH 7,800 8,735 20000 100,00 9,360 0,114


,, TCH/HS Class II
(BFI=0)


RA/No FH 6,800 7,600 20000 100,00 8,160 0,182


,, TCH/HS (UFR) TUhigh/No FH 5,700 6,383 9400 99,769 10,830 <0,001
,, TCH/HS Class Ib


(BFI or UFI0=0) TUhigh/No FH 0,260 0,291 206000 99,712 0,442 <0,001
,, FACCH/F TUhigh/No FH 3,900 4,368 13736 99,752 4,914 0,140
,, FACCH/H TUhigh/No FH 7,200 7,752 7440 97,027 9,072 0,002]
,, TCH/F9,6 HT/No FH 0,700 0,784 76500 99,721 0,882 0,176
,, TCH/F4,8 HT/No FH 0,010 0,011 5350000 99,732 0,013 0,197
,, TCH/F2,4 HT/No FH 0,001 0,001 11900000 99,734 0,002 <0,001
Input level TCH/FS Class II Static-23dBm 0,100 0,122 164000 99,717 0,150 0,140
range TCH/FS Class II Static<-40dBm 0,010 0,012 1640000 99,716 0,015 0,141


TCH/FS Class II EQ 3,000 3,250 60000 99,981 3,780 <0,001
Co-channel TCH/FS TUlow/No FH 21,00*α 24,00*α 25000 100,000 26,460*α <0,001
rejection TCH/FS Class Ib TUlow/No FH 2,000/α 2,091/α 3300000 100,000 2,520/α <0,001
,, TCH/FS Class II TUlow/No FH 4,000 4,300 2000000 100,000 5,040 <0,001
,, TCH/FS TUhigh/FH 3,000*α 3,371*α 17800 99,797 3,780*α 0,194
,, TCH/FS Class Ib TUhigh/FH 0,200/α 0,215/α 2000000 100,000 0,252/α <0,001
,, TCH/FS Class II TUhigh/FH 8,000 8,333 1200000 100,000 10,080 <0,001
,, TCH/EFS TUlow/No FH 23,000 24,000 25000 99,999 26,680 <0,001
,, TCH/EFS Class Ib TUlow/No FH 0,200 0,209 3300000 100,000 0,252 <0,001
,, TCH/EFS Class II TUlow/No FH 3,000 3,039 2000000 100,000 3,780 <0,001
,, TCH/EFS TUhigh/FH 3,000 3,357 17800 99,815 3,780 0,185
,, TCH/EFS Class Ib TUhigh/FH 0,100 0,115 2000000 99,999 0,126 <0,001
,, TCH/EFS Class II TUhigh/FH 8,000 8,333 1200000 100,00 10,08 <0,001
,, FACCH/F TUlow/No FH 22,000 24,000 25000 100,000 27,720 <0,001
,, FACCH/H TUlow/No FH 22,000 24,000 25000 100,000 27,720 <0,001
,, TCH/F9,6 or H4,8 TUhigh/FH 0,300 0,336 178500 99,716 0,378 0,180
,, TCH/F4,8 TUhigh/FH 0,010 0,011 5350000 99,732 0,013 0,197
,, TCH/F2,4 TUhigh/FH 0,001 0,001 11900000 99,734 0,002 <0,001
,, TCH/H2,4 TUhigh/FH 0,010 0,011 5350000 99,732 0,013 0,197
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Table 14-4: Test conditions for DCS 1 800 (concluded)


Type of test Type of channel Propagation/
Frequency
conditions


Specified Test limit
FER/BER


%


Minimum
No of


samples


Prob that
good unit


will
pass %


Bad unit
FER/BER


%


Risk that
bad unit
will pass


Adjacent TCH/FS TUhigh/No FH 3,000*α 3,371*α 17800 99,797 3,780*α 0,194
channel TCH/FS Class Ib TUhigh/No FH 0,250/α 0,270/α 2000000 100,000 0,315/α <0,001
200 kHz TCH/FS Class II TUhigh/No FH 8,100 8,333 1200000 100,000 10,206 <0,001
,, TCH/HS (FER) TUhigh/FH 5,000 5,607 10700 99,787 8,000 <0,001
,, TCH/HS Class Ib


(BFI=0)
TUhigh/FH 0,290 0,325 184700 99,711 0,522 <0,001


,, TCH/HS Class II
(BFI=0)


TUhigh/FH 7,200 8,078 25500 100,00 8,640 0,066


,, TCH/HS (UFR) TUhigh/FH 6,100 6,834 8780 99,781 9,760 <0,001
,, TCH/HS Class Ib


((BFI or UFI)=0)
TUhigh/FH 0,210 0,235 255000 99,715 0,294 <0,001


,, EVSIDR TUlow/No FH 21,900 24,000 25000 100,000 26,280 <0,001
,, SID RBER    (SID=2


and (BFI or UFI)=0)
TUlow/No FH 0,020 0,022 2678500 99,705 0,026 0,010


,, ESIDR TUlow/No FH 17,100 19,152 25000 100,000 22,230 <0,001
,, SID RBER  (SID=1 or


SID=2)
TUlow/No FH 0,500 0,560 500000 100,000 0,650 <0,001


,, FACCH/F TUhigh/No FH 3,400 3,808 15756 99,746 4,284 0,145
Adjacent TCH/FS TUhigh/No FH 5,100*α 5,714*α 10500 99,773 6,426*α 0,134
channel TCH/FS Class Ib TUhigh/No FH 0,450/α 0,483/α 1200000 100,000 0,567/α <0,001
400 kHz TCH/FS Class II TUhigh/No FH 8,900 9,167 720000 100,000 11,214 <0,001
,, FACCH/F TUhigh/No FH 6,100 6,832 8782 99,777 7,686 0,122
Intermod, TCH/FS Class II Static 2,000 2,439 8200 99,741 3,000 0,122


FACCH/F TUhigh/No FH 3,900 4,368 13736 99,752 4,914 0,140
Blocking & TCH/FS Class II Static 2,000 2,439 8200 99,741 4,000 <0,001
spurious resp. FACCH/F TUhigh/No FH 3,900 4,368 13736 99,752 4,914 0,140


NOTE 1: α is a parameter which ranges from 1 to 1,6. The value of α for a RBER test on TCH/FS class Ib bits
under particular measurement conditions shall be the same as that determined in the FER test on
TCH/FS under the same conditions. For example, the value of α may be different for a TUhigh
sensitivity test and an RA sensitivity test. The value of α is determined by dividing the measured error
rate for the FER test by the value of the test limit error rate listed in the limits section of the test
corresponding to α=1; if the result of the division is lower than 1, a value of α=1 shall be used, if the
value of α > 1,6 the FER test has failed (the normal treatment of stimulus uncertainties applies). The
probabilities that a good unit will pass and the risks that a bad unit will pass, listed in the table are valid
for α=1, and would be slightly different for other values of α.


NOTE 2: In order to save time the sensitivity and co-channel rejection tests for the TCH/F2,4 channel does not
comply with the above said constraints.


In fact, a bad unit which performs 2 times (instead of 1,26) worse than that specified is accounted for, so
reducing the required number of events to 150, instead of 600. On the other hand, the specified RBER is
in this case 10E-5 and, on the basis of simulations and hardware validation results, doubling this RBER
results in a drop in performance of less than 1 dB.


14.1 Bad frame indication


14.1.1 Bad frame indication - TCH/FS


14.1.1.1 Bad frame indication - TCH/FS - Random RF input


14.1.1.1.1 Definition and applicability


The performance of the Bad Frame Indication (BFI) is a measure of the effectiveness of the MS under DTX
conditions. It includes the effect of the 3 bit Cyclic Redundancy Check (CRC) and all other processing associated with
the DTX function. The BFI is measured on a full rate speech TCH (TCH/FS) by counting the number of undetected
bad frames whilst the input signal is a randomly modulated carrier.
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ANNEX A CONFIDENCE INTERVAL1


(Normative)2


A.1 Confidence Level of Error Rate3


When it is required that an error rate (e.g. FER or MER) of a given test be less than a4


specified value with confidence level C, the procedure for a one-sided confidence limit is5


applied. This procedure assumes that all errors occur independently, resulting in a Poisson6


distribution of errors during the test. Since test procedures do not specify either the test7


duration or the number of errors that are allowed, the error rate at the specified confidence8


level is computed after the test is completed. Alternatively, if sufficiently few errors occur9


during the test, the test may be halted when the desired confidence level on the error rate is10


achieved.11


In order to have a confidence level C that the true error rate is less than the specified error12


rate, the measured error rate shall be less than13


p’ = 2pk/χ2(1−C,2k),14


where p’ is the measured error rate, p is the specified error rate, and k is the number of15


errors that occur during the test. In this expression, χ2(α, n) is the value x such that P(X >16


x) = α, where X is a chi-squared distributed random variable with n degrees of freedom.17


Values for χ2(α, n) can be found in various tables. Equivalently stated, satisfying this18


expression means that the true error rate has probability C of being less than the specified19


error rate.20


Figure A.1-1 provides a curve of the demonstrated performance as a fraction of the targeted21


specification versus the number of errors measured in the test. The test duration can be22


determined by dividing the number of errors by the demonstrated error rate. From the23


figure, as the number of errors becomes large, the measured error rate becomes very close24


to the specified error rate. This means that if the true error rate is close to the specified25


error rate, the test time can become increasingly long. Figure A.1-2 provides a curve of26


maximum FER as a function of the number of frames tested for a specified FER of 0.01.27


If no errors occur during a test, the test may be terminated when the test time is sufficient28


to ensure that the confidence level has been demonstrated for the specified error rate. This29


is done by assuming one error could have occurred at the end of the test, and by applying30


the criteria stated above with k = 1.31


A.2 Confidence on Power Measurement During Fading32


During fading tests, the average power over the test can be estimated based on the33


assumption that fade samples spaced about 0.15 meters (one half wavelength) apart are34


independent. Under this assumption, the standard deviation of power decreases as the35


square root of the number of independent samples in the test. Then at a given speed the36


time between independent samples is computed as (3600/1000) ×ϑ(0.15/v), where v is the37


vehicle speed in kilometers per hour.38
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Figure A.2-1 shows the standard deviation of average power as a function of test time (in1


frames) for three fading cases (case 1, 3, and 4 from top to bottom) specified in Table2


6.4.1.1-1. In these cases the standard deviation of the individual samples depends on the3


number and amplitudes of the paths specified for each test, and the time between4


independent samples was determined from the speed specified for the test.5
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Figure A.1-1. Rate Ratio (λλλλN/λλλλlim) Bound as a Function of Number of Errors (K) for9


95% Confidence10
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Figure A.1-2. Test Requirement for 95% Confidence of FER = 0.0113
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Figure A.2-1. Uncertainty in Power Measurement in Rayleigh Fading3


4


A.3 Confidence Level of Detection Time5


Several tests involve the successful detection of a strong pilot, or the successful loss6


detection of a weak pilot. Tests of this type require that the time to have a successful7


outcome be less than a specified value, T, with probability, p, and confidence level, C. One8


method to establish a confidence level from the measurements is to declare an error if the9


time to success exceeds the specified time, T. Assume that k errors occur during N repeated10


tests. The method used in A.1 can be used to determine the confidence level of the test by11


replacing p' with k/N. The resulting requirement on k, in order to have a confidence level C12


that the true error rate is less than the specified error rate, is that k satisfy the13


relationship:14


χ2(1−C,2k) = 2Np.15
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