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Introduction
During RAN4#92, URLLC was discussed and a WF was agreed in [1]. For URLLC testing, there is a need to determine the test time required to achieve an acceptable confidence level that the BLER measurement is lower than the target level. Two methods for determining test times were discussed; one is a RAN4 method adopted in 3G times, which enables a determination of an early pass or early fail of a test based on the number of observed errors. The second method comes from RAN5 and is in effect a simulation approach for determining test time. 
This contribution considers further the issues associated with observation of a very low BLER and associated test time.
The conclusions of the paper are as follows:
· Test time can be significantly reduced if we consider the probability of the BLER being below a threshold considering the observed measurements, rather than the exact BLER
· RAN4 needs to discuss and decide what is an appropriate test maximum BLER level; the test maximum BLER will impact test time.
· RAN4 needs to discuss and decide on the following aspects:
· The acceptable probability of false pass
· Acceptable probability of false fail
· What might be considered an acceptable test duration
· If these things are decided, then it is possible to set a requirement that defines a fixed amount of observations of TBS transmission together with a threshold for the maximum amount of errors. (or possible several sets of test time/error threshold). In AWGN, the false pass probability and test time are predictable.
The rest of the paper outlines in more detail some discussion around the reasons for proposing that the above aspects need to be discussed and on statistical aspects of the BLER testing.
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Confidence level and requirement pass
In this contribution, we consider the BLER measurement from 3 perspectives; the RAN4 confidence level approach, an analytical approach considering uncorrelated errors and some simulations in a fading channel.
In general, it is important to differentiate between confidence in a measured BLER level and passing of the 3GPP requirement. The requirement is passes as long as the BLER is less than the test requirement. The confidence level refers to the confidence that the actual BLER is equal to the measured BLER. It is possible to be very confident that the requirement is passed, whilst not being confident in the exact BLER reported. For example, suppose 2 errors would be observed in 10 million observed transmissions. The error rate could be calculated as 2e-7. The confidence that the error would be 2e-7 and not (for example) 3e-7 would be low. However, as discussed in section 2.3 below, the confidence that the BLER is less than 1e-5 would be pretty high.
Observation 1: It is possible to have high confidence that the requirement is passed without having high confidence that the reported BLER is very close to the real BLER of the tested system.
RAN4 confidence level approach
Annex C of 25.141 outlines an approach for determining early pass and fail criteria and a maximum test time. According to the annex, in AWGN, the probability of being able to declare an early pass is:




The probability of an early fail is:




ber (normalized BER,BLER):	BER,BLER according to C.1.1 divided by Test requirement
D:	wrong decision probability for a test step . This is a numerically evaluated fraction of F, the wrong decision probability at the end of the test. See table C.1.
ne:	Number of error events
M:	bad DUT factor
Figure C.1.9 in 25.141 depicts the curves of pass/fail created by the above equations. Where these two curves intersect is the maximum possible test time for achieving a given confidence level. The specification claims that for a confidence level of 99.8%, 345 errors should be observed. Using the above formulae, we calculate the number to be around 220, not 345. Nonetheless, it is interesting to consider the number of errors needed for achieving different confidence levels:

Confidence                                   Errors                                              
90%                                                  40                                                     
95%                                                  66                                                     
99%                                                  132                                                   
99.9%                                              234                                                   
99.99%                                            337                                                   
99.999%                                         444                                                   
99.9999%                                       551                                                   

The annex argues that for a fading channel, the same approach can be applied as long as a minimum amount of TTIs are observed such that a large enough number of variations of the channel take place.
As can be observed in the table, potentially long amounts of measurement time are needed to achieve a very high confidence in the BLER observation. However early pass may be achieved if the test system achieves a BLER that is lower than the test requirement.

Alternative statistical approaches
In this section, alternative but complimentary approaches is taken to considering the confidence that the BLER is below a test threshold.
Assuming that No observations of information blocks are made, then the probability of a specific sequence of Ne errors and (No – Ne) correct blocks is:



Perror is the probability of an error; i.e. the BLER of the system. The errors are assumed to be uncorrelated.
The number of ways of observing Ne errors in No observations is:



Thus, the probability of observing Ne errors (with any pattern) in No observations is:




The probability of observing up to Ne in No observations errors is:



Approach 1: BLER test requirement > core requirement
It is interesting to examine the probability of observing up to Ne in No observations depending on the underlying error rate. Figure 1 depicts the probability of observing <= Ne errors vs Ne for three error rates, assuming that No is 2.5e6.
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Figure 1 the probability of observing fewer than Ne errors in 2.5e6 observations for BLER of 1e-5, 2e-5 and 3e-5

The figure can be interpreted as follows; if, for example a pass criterion of observing 35 errors in 2.5e6 observations would be set, then if the underlying device BLER would be 1e-5 the probability of observing a pass would be nearly 100%. If the device BLER would be 2e-5 or 3e-5, the probability of observing a pass based on a pass criterion of 35 errors would drop to approximately 1% and 0.5e-6% (i.e. zero) respectively. Thus, if e.g. a test requirement of 35 errors would be set with 2.5e6 observations, then the risk of a false pass would be around 1% for a test BLEER with a margin of up to 2e-5 in the actual error rate above the requirement.
It is interesting to note that amount of 35 errors is much lower than the amount of errors needed even for 90% confidence described in section 2.2. In effect, the exact BLER is not known with confidence, but the probability that the BLER is greater than e.g. 2e-5 is 1% (and hence the risk of falsely passing a device with BLER >2e-5 with a 35 error threshold is 1%).
Thus, one way of defining a RAN4 requirement could be as follows: a test tolerance around the target BLER could be allowed (e.g. 2e-5 or 3e-5). The specification could state that assuming fewer than X errors would be observed in Y observations, a pass could be assumed. X and Y would be decided such that the probability of passing a device whose BLER would be greater than the test tolerance would be low, whilst the test time would still be reasonable (TBD what is a reasonable test time).
Observation 2: If a test tolerance BLER slightly greater than 1e-5 is set, then it is possible to define a maximum test time and associated maximum amount of observed errors that can demonstrate with confidence that the device BLER is less than the test requirement.
It should also be noted that the higher the BLER of the test requirement would be, the lower would be the number of observations needed to establish compliance. Figure 2 illustrates the amount of observations needed to establish compliance vs the test BLER, assuming that a device with 1e-5 BLER should pass with 99% probability and that a device whose BLER just at the test threshold should pass with 0.1% probability.
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Figure 2: The needed number of observations depending on the BLER test requirement (assuming core requirement is 1e-5)
The relation of the number of observations to test time depends on the amount of HARQ retransmissions and for TDD the TDD pattern.

Approach 2: BLER test requirement = core requirement
An alternative approach could be to not allow any BLER test tolerance, and instead set the test requirement as 1e-5 BLER, but to assume that the system under test would achieve a lower BLER than the minimum requirement. Figure 3 depicts the probability of observing more than Ne errors in 2.5e6 observations for BLER of 1e-5, 0.5e-5 and 1e-6.
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Figure 3 the probability of observing more than Ne errors in 2.5e6 observations for different BLER
The figure can be interpreted as follows; for BLER 1e-5 the probability of observing more than, for example 15 errors is 99%, so the probability of a fail for BLER >=1e-5 is high. For lower BLER, the probability of observing more than 15 errors is much lower, and so systems whose BLER is than the minimum requirement would likely pass.
In general, the lower the real BLER achieved by the target system, the lower would be the amount of test time needed to demonstrate with confidence that the BLER is lower than the 1e-5 requirement. The specification could state that no more than X errors should be observed in Y observations. Several pairs of (X,Y) values could be captured in the specification corresponding to different test durations. X would be set such that for the shorter test durations, a system with BLER of >1e-5 would be very probable to fail, whilst a system with lower BLER would pass. The lower the underlying BLER of the system, the lower would be needed the test time. Thus the set of (X,Y) criteria would represent a set of early pass criteria, and the lower the real BLER, the greater would be the potential shortening of test time.
Figure 4 depicts the required test time dependent on the underlying BLER (based on calculation), assuming that the probability of passing the device should be 99% and the probability of falsely passing a device with BLER greater than 1e-5 should be less than 0.1%. The required test time depends on the underlying BLER, however is an order of magnitude larger than the test time than that observed with the approach 1 (in which the test BLER threshold is increased from 1e-5), in particular for a device whose BLER is close to the 1e-5 requirement.
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Figure 4 depicts the required test time dependent on the underlying BLER

Observation 3: If the BLER test requirement is set as 1e-5, a family of associated (Number of observations,  Maximum observed errors) may be considered as a set of early pass criteria. Depending on the real BLER of the system under test, a quite rapid early pass may be possible.
Observation 4: If the system under test achieves e.g. <4e-6 BLER, then in AWGN the number of observations (needed to demonstrate BLER below 1e-5) can be around 2.5e6 observations
An example of a family of (X,Y) values could be as follows (with the above assumptions on false pass probability):

	X (Test duration, in transmission observations)
	Y (Maximum observed errors during test)

	1.5e6
	4

	2.5e6
	10

	5e6
	32

	10e6
	



It should be noted that the relation between test time and the number of observations is determined by the TDD pattern and number of retransmissions.
The approach of observation 3 has some similarities 3G approach of section 2.2 for defining early pass but differs in that instead of doing an early pass based on the amount of errors alone, an early pass is based on observing an error threshold within a defined observation time. It is interesting to observe that the error threshold is lower than the number of observed errors even for 90% confidence using the 3G approach. This implies that although there is 99.9% certainty that the BLER is below 1e-5, the certainty of the exact BLER measurement is low (which is acceptable, because it is the certainty of the pass at a certain BLER that is important, not the certainty of the exact BLER that is of importance).
The alternative statistical approaches are based on the assumption that errors are independent and uncorrelated; i.e. AWGN. It is claimed in 25.141 that such an assumption can be made also for a fading channel as long as a minimum number of samples are taken. The following section presents a simulation investigation of the error observations with a fading channel. It is likely that a minimum value for the test time should be set such that a sufficient amount of channel variations are observed.


Simulations of error probabilities with a fading channel
The analysis presented in sections 2.2 and 2.3 is based upon the assumption of independent, uncorrelated errors in order to simplify statistical modelling. With a fading channel, error events may not be uncorrelated. The 3G methodology documented in 25.141 suggests that as long as the test time is sufficiently long, the statistical behavior of the test system will be similar to that with uncorrelated errors. 3G testing, however does not consider such extremely low error rates and so further examination of the validity of such an assumption is warranted.
In this section, we present some simple initial investigations of the behavior of error observations with a fading channel based on simulations. Obtaining reliable results with simulations is a far from trivial task as a very large amount of data needs to be simulated. Establishing that a false pass probability of 0.1% exists considering a certain BLER threshold and error ceiling and 2.5e6 observations is straightforward using the analysis of section 2.3 based on probability, but with simulation requires generation of a very large number of sets of 2.5e6 simulated observations (e.g. 100,000 sets of 2.5e6 observations per set) in a fading channel such that the probability characteristics of the observed number of errors within the sets can be examined. Multiple error rate operating points, channels etc. would need to be simulated. Furthermore, achieving an exact error rate during the simulation runs is not trivial.
Clearly a thorough simulation approach within the timescale of the WI is not practical. As an initial investigation, we examined four sets of 2.5e6 observations, considering three different error rates. MCS was chosen as 0, 3nsec Channel delay spread, 11Hz Channel doppler. Tables 1 and 2 below summarize the results, considering two cases; only single transmissions allowed and up to 4 retransmissions. Three BLER operating points are considered which are roughly “low” (below 1e—5), “medium” (at around 1e-5) and “high” (above 1e-5).

Table 1: Error counts for low, medium, high BLER considering a link with no HARQ retransmission
	No Retransmission

	Slot period of error occurrences
	Errors at BLER: 4.6e-5  
SNR = [0.3dB]
	Errors at BLER: 1.4e-5  
SNR = [0.9dB]
	Errors at BLER: 0.5e-5  
SNR = [1.4dB]

	1 - 2.5e6
	106
	41
	18

	2.5e6- 5e6
	99
	14
	0

	5e6 - 7.5e6
	133
	51
	18

	7.5e6-10e6
	127
	38
	9

	1 - 105e6
	Total errors 464
	Total errors 144
	Total errors 45



Table 2: Error counts for low, medium, high BLER considering a link with up to 2 HARQ retransmissions
	2 Retransmissions

	Slot period of error occurrences
	Errors at BLER: 2.4e-5  
SNR = [-3.8dB]
	Errors at BLER: e-5  
SNR = [-3.4dB]
	Errors at BLER: 0.7e-5  
SNR = [-3.2dB]

	1 - 2.5e6
	42
	25
	18

	2.5e6- 5e6
	50
	27
	12

	5e6 - 7.5e6
	68
	27
	22

	7.5e6-10e6
	74
	26
	17

	1 - 105e6
	Total errors 234
	Total errors 105
	Total errors 69



Figures 5 and 6 depict how the error statistics develop with time. The x axis depicts the number of accumulated errors and the y axis the accumulated number of observations (called “slots” in the axis label). It can be observed that the errors develop relatively smoothly. With more than about 2.5e6 observations, the different underlying BLER levels become differentiable according to the number of accumulated errors.
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Figure 5: Accumulation of errors vs observations (slots) considering a system with zero retransmissions

[image: ]
Figure 6: Accumulation of errors vs observations (slots) considering a system with up to 2 retransmissions

The following is observed from this very limited data set:

· Between different simulation runs with 2.5e6 samples, for each case the number of counted errors seems to vary by up to factor 2
· The error counts seem more consistent between different observation sets when up to 2 retransmissions are allowed than with no retransmissions
· IF the medium BLER is used for the error threshold, it appears from this limited set of results as if an error number threshold should be set that would differentiate pass and fail for DUTs achieving the low BLER.
· If the high BLER is used for the error threshold and the DUT achieves the medium BLER, this limited data suggests that there could be a risk of a false pass for no retransmissions (but not for lniks with up to 2 retransmissions)
· If the high BLER is used as the error threshold and the DUT achieves the low BLER, then the risk of a false pass seems low
· The number of counted errors clearly differentiate if 10e6 observations are made, however this is based on only one group of 10e6 observations.

Some further work could be done to further understand the test time needed in fading channels to get statistically clear results. This work could include:
· Running further simulations to get more data
· Examining the results in more detail to understand whether error events are correlated and related to channel states.
· Checking whether if a higher number of retransmissions are allowed, the error counts become more stable.

Conclusion
The analysis in this paper suggests that one of two approaches are possible:
· Set a test BLER requirement that is above the core requirement of 1e-5 (i.e. includes a test margin). Standardize a minimum test time and associated maximum amount of errors that demonstrates with reasonable probability that the test BLER is not exceeded.
· Assuming that the test BLER requirement is the same as the core 1e-5 requirement, set a family of (X,Y) values, where X is a test time and Y an associated maximum number of observable errors. Declare a pass as soon as with one of the test times the error criterion is fulfilled.
It should be noted that the first method (increased test threshold) leads to significantly lower test time than the second method, especially for devices whose underlying BLER is close to the 1e-5 requirement. For example, if the device BLER is >4e-6, more than 5-20e6 observations would be required for the second method compared to 5e5 observations for a BLER test requirement of 2e-6, a difference of factor >10 in test time.
Proposal 1: RAN4 discusses these two approaches and which could be most appropriate for performance testing.

Apart from deciding a test pass, other parameters need to be discussed and agreed such as false pass probability, fail good device probability, test tolerance (if applicable) acceptable test length (which will relate to false pass probability) etc.

Proposal 2: Discuss and agree on false pass probability, fail good device probability, BLER test tolerance (if applicable), acceptable test duration and other relevant parameters.

Further investigation is needed on the validity of assumptions on test time with a fading channel.
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