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Discussion and Decision [REL-4]
Introduction
Agilent Technologies proposed “Statistical approach for test result”[1] in T1/RF#15 meeting in Tokyo. The concept of the contribution was endorsed, but since then nothing has been discussed in detail. This paper proposes a proposed text (Change Request) based on that document.

Assumptions

1) Consideration of measurement uncertainty
“Measurement uncertainty” issue has been discussed and it was taken into account by relaxing test condition for Rx testing. (In some cases, no relaxation is allowed.) 
It is assumed that handling of “measurement uncertainty” and “statistical approach” are independent. Consequently statistical approch is applied under conditions of Test Requirement in Test Specifications (TS34.121/122).

2) Work items as Release-4
This CR is proposed to Release-4 TS34.121 V.4. The same approach can be applied for TS34.122 V.4.

Proposal

According to T1R000265, the text proposal is made in CR form attached.

(This document is the revised version of T1R010107, including a feedback information from Mr. Baker, Phillips.)
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6.1
General

Receiving performance test of the UE is implemented during communicating with the SS via air interface. The procedure is using normal call protocol until the UE is communicating on traffic channel basically. On the traffic channel, the UE provides special function for testing that is called Logical Test Interface and the UE is tested using this function (Refer to [4] TS 34.109)

Transmitting or receiving bit/symbol rate for test channel is shown in Table 6.1.

Table 6.1: Bit / Symbol rate for Test Channel

Type of User Information
User bit rate
DL DPCH

symbol rate
UL DPCH

bit rate
Remarks

12.2 kbps reference measurement channel
12.2 kbps
30 ksps
60 kbps
Standard Test

Unless otherwise stated the receiver characteristics are specified at the antenna connector of the UE. For UE(s) with an integral antenna only, a reference antenna with a gain of 0 dBi is assumed. UE with an integral antenna may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna. Receiver characteristics for UE(s) with multiple antennas/antenna connectors are FFS.

The UE antenna performance has a significant impact on system performance, and minimum requirements on the antenna efficiency are therefore intended to be included in future versions of this specification. It is recognised that different requirements and test methods are likely to be required for the different types of UE.

All the parameters in clause 6 are defined using the DL reference measurement channel (12.2 kbps) specified in subclause C.3.1 and unless stated otherwise, with DL power control OFF.
The common RF test conditions of Rx Characteristics are defined in Annex E.3.2, and each test conditions in this clause (clause 6) should refer Annex E.3.2. Individual test conditions are defined in the paragraph of each test.
All Bit Error ratio (BER) measurements in clause 6 shall be performed according to the general rules for statistical testing in Annex F.6
7.1
General

The performance requirements for the UE in this clause are specified for the measurement channels specified in Annex C and Table 7.1.1, the propagation conditions specified in 7.1.2 and the Down link Physical channels specified in Annex D. Unless stated otherwise, DL power control is OFF.
The method for Block Error Ratio (BLER) measurement is specified in [4] TS 34.109.

Table 7.1.1: Bit / Symbol rate for Test Channel

Type of User Information
User bit rate
DL DPCH

symbol rate
DL DPCH

bit rate

12.2 kbps reference measurement channel
12.2 kbps
30 ksps
60 kbps

64/144/384 kbps reference measurement channel
64 kbps
120 ksps
240 kbps


144 kbps
240 ksps
480 kbps


384 kbps
480 ksps
960 kbps

The common RF test conditions of Performance requirement are defined in Annex E.3.3, and each test conditions in this clause (clause 7) should refer Annex E.3.3. Individual test conditions are defined in the paragraph of each test.
All Block Error ratio (BLER) measurements in clause 7 shall be performed according to the general rules for statistical testing in Annex F.6
7.1.1
Measurement Configurations

In all measurements UE should transmit with maximum power while receiving signals from Node B. Transmission Power Control is always disable during the measurements. Chip Rate is specified to be 3.84 MHz.

It as assumed that fields inside DPCH have the same energy per PN chip. Also, if the power of S-CCPCH is not specified in the test parameter table, it should be set to zero. The power of OCNS should be adjusted that the power ratios (Ec/Ior) of all specified forward channels add up to one.

Measurement configurations for different scenarios are shown in Figure A.9, Figure A.10 and Figure A.11.

F.6
General rules for statistical testing
F.6.1
Statistical testing of receiver BER/BLER performance

F.6.1.1
Error Definition

1)
Bit Error Ratio (BER)
The Bit Error Ratio is defined as the ratio of the bits wrongly received to all data bits sent.
2)
Block Error Ratio (BLER)

A Block Error Ratio is defined as the ratio of the number of erroneous blocks received to the total number of blocks sent. An erroneous block is defined as a Transport Block, the cyclic redundancy check (CRC) of which is wrong.

F.6.1.2
Test Method

Each test is performed in the following manner:

a) Setup the required test conditions.

b) Perform the test for at least the minimum number of samples (bits or blocks) and record the number of samples tested and the number of occurred events (bit error or block error).

c) Terminate the test and determine the test result (“pass” or “fail”) by comparing the measured error rate against the test limit error rate, which is defined in table F.6.3-1/2.

It is allowed to apply F.6.2 concept so as to optimize a test time.
F.6.1.3
Test Criteria

The minimum 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 is generally considered “bad” if BER/BLER performance is X times worse than that in some test conditions. The number “X” is called the “bad” unit multiplication factor. These values have been adopted (taking into account the expected shapes of the BER/BLER performance) in order not to pass a unit with performance worse that the specification by more than 1 dB.
Table F.6.1: “bad” unit multiplication factor
Propagation Conditions
factor

BER without propagation condition
[1,5]

BLER with Static propagation conditions (AWGN)
[1,5]

BLER with Multi-path fading propagation conditions
[TBD]

Moving propagation condition
[TBD]

Birth-Death propagation conditions
[TBD]

The probability of passing a good unit operating on the test requirement of performance (point 2) shall 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, a number of error events (point 3) are not lower than Y in some test conditions. The number Y is called the minimum number of error events monitored.

Table F.6.2: Minimum number of error events monitored
Propagation Conditions
minimum number of error events

BER without propagation condition
[200]

BLER with Static propagation conditions (AWGN)
[200]

BLER with Multi-path fading propagation conditions
[TBD]

Moving propagation condition
[TBD]

Birth-Death propagation conditions
[TBD]

Table F.6.3-1/2 gives the minimum number of samples required in order to meet points 1) to 3) for the different test conditions: the corresponding test time (point 4) can be consequently computed.

Table F.6.3-1: Test conditions for BER tests

Type of test
Propagation conditions
Test requirement (BER/BLER) [%]
Test limit (BER/BLER) [%]
Minimum number of samples
Prob that good unit will pass [%]
Bad unit BER/BLER
[%]
Risk that bad unit will pass [%]

Reference Sensitivity Level 
-
0,1
[0,12]
200000
[99,8]
[0.15]
[< 0,1]

Maximum Input Level








Adjacent Channel Selectivity








Blocking Characteristics








Spurious Response








Intermodulation Characteristics








Table F.6.3-2: Test conditions for BLER tests
Type of test
Propagation conditions
Test requirement (BER/BLER) [%]
Test limit (BER/BLER) [%]
Minimum number of samples
Prob that good unit will pass [%]
Bad unit BER/BLER

[%]
Risk that bad unit will pass [%]

Demodulation in Static Propagation conditions








Demodulation of DCH in Multi-path Fading Propagation conditions








Demodulation of DCH in Moving Propagation conditions








Demodulation of DCH in Birth-Death Propagation conditions








Demodulation of DCH in Base Station Transmit diversity modes








Demodulation of DCH in closed loop transmit diversity mode








Demodulation of DCH in Site Selection Diversity Transmission Power Control mode








Demodulation of DCH in Inter-Cell Soft Handover








Combining of TPC commands from radio links of different radio link sets








Power control in the downlink, constant BLER target








Power control in the downlink, initial convergence








Power control in the downlink, wind up effects








Downlink compressed mode








Blind transport format detection








F.6.2
Optimization of test time for receiver BER/BLER measurement

The method described in the following subclause may be used to reduce the test time. 
F.6.2.1
Confidence Limit (Informative)
F.6.2.1.1
Confidence level of error ratio testing
When it is required that an error ratio measurement (e.g. BER, BLER) be less than a test requirement with confidence level C, the procedure for a one-sided confidence limit may be applied. This procedure assumes that all errors occur independently, resulting in a Poisson distribution of errors during the test. The error ratio at the specified confidence level may be computed after the test is completed, or alternatively, if sufficiently few errors occur during the test, the test may be terminated when the desired confidence level on the error ratio is achieved. 

In order to have a confidence level C that the true error ratio is less than the specified error ratio, the measured error ratio shall be less than p'  where

[image: image2.wmf])

2

,

1

(

/

2

'

2

k

C

pk

p

-

=

c





(F.6.1)
where p is the specified error ratio, and k is the number of errors that occur during the test. In this expression, χ2(α, n) is the value x such that P(X > x) = α, where X is a chi-squared distributed random variable with n degrees of freedom. Values for χ2(α, n) can be found in various tables. Equivalently stated, satisfying this expression means that the true error ratio has probability C of being less than the specified error ratio.
The measurement may be terminated early when the unit under test passes with the specified confidence level C. For example, 0,5% BLER is specified in a test. When 2370 blocks are tested with 6 errors (this corresponds to a measured BLER of 0,25%), this test may be terminated with pass of 95% confidence. The result can be verified by the equations (F.6.2). C=0.95, k=6 and p=0.5% give N=2103.(F.6.3) The number of block tested 2370 is greater than this value(N=2103). Consequently this test can be regarded as a pass with 95% confidence.


[image: image3.wmf]p

k

C

N

2

)

2

,

1

(

2

-

=

c






(F.6.2)
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(F.6.3)
If no errors occur during a test, the test may be terminated when the total number of samples is sufficient to ensure that the specified confidence level has been demonstrated for the specified error rate. This is done by assuming that one error could have occurred at the end of the test, and by applying the criteria stated above with k=1.

Similarly, the measurement may also be terminated early when the measured performance of the unit under test is "bad" (according to the definition in sub-clause F.6.1.3) with the specified confidence level C. This is the case when the measured error ratio is greater than p' where
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where X is the bad unit multiplication factor as defined in sub-clause F.6.1.3.
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Introduction

T1/RF has started a discussion regarding test criteriafor statistical nature of tests like BER/BLER in TU/RF #14
meeting. This paper shows some examples of test criteriafrom other specifications. Some of them could be applied
for TS34.121/34.122 conceptualy. 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™ 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 tet;
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 iswell considered, and may be applied for T1/RF test specifications. The followings are more
detailed discussion for each point;
1. tokeep 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) performanceis 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 My [1,5], confidence limit G,4[0,2%], which is arisk of
passing a “bad” unit, specification (BER, €tC.) Lq,[1%], and “bad” unit result L ,,{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 |east
99,7%.
Definition: confidence limit Cyo0 99,7%0], which is a probability of passing a good unit operating on the
specification limit of performance. (See Figure.l)
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3.

4,

to perform measurements with a high degree of satistical significance

Minimal number of error eventsis 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 minimd test time (minima number of events to be tested) according propagation profile should aso be
taken into account in the case of propagation conditions.

Definitions: minima number of error events E,.;,[200], minima number of eventsto be tested N,,;,[200 000],
and test limit L,s[0,1%] (See Figure.1)

Example: BER measurement (no fading case)
Lepec: 0,1%  La:0,15% (Mo 1,5)
Cyood >99,7% (U>2.75) Goy: <0,2% (u<-2.88)

Nmin: 200 000 Eqin: 200 Liey: 0,12% (Error events for Lieg: 240) Cyoo=99,77% GCiq < 0,1%

Coood

— *
Spec Lbad_ Lspec M bad
test

Figure.l illustration of each parameters

to keep the test time as low as possible
No optimization method for test time is described.
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IS98 Approach

TIA/EIA-98-C? describes the concept of “Confidence interval” in Annex A. Thisis agood 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 gpproach, it is required that some parameters should be evauated test by test (or by considering
test conditions). Once the required number of test eventsis determined, 1S98 approach can be applied to reduce the
test time.

This paper does not describe how the test tolerance issue can be taken into account simultaneoudly. Thisis till an

open issue.
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