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Introduction
During RAN4#92bis, one of the focus for the discussions was on establishing views on the relationship between three parameters; the confidence level for the BLER test, the actual BLER that might be achieved in the system under test (as opposed to the BLER requirement threshold, which is assumed to be 1e-5. A lower actual BLER can be achieved if the SNR at which the requirement is set is adjusted appropriately and the system under test is capable in reality of achieving lower BLER) and the test time.
For the confidence level, the following were agreed for use for analysis at RAN4#92bis:
· Option 1: 95%
· Option 2: 99.8%
· Option 3: 99.98%
· Option 4: 99.999%

For the assumed real BLER, in this paper we consider the following:
· BLER requirement is 1e-5 (Rel-15)
· Study expectations for real BLER of good DUTs:
· 1e-5, 5e-6, 1e-6, 1e-7
· Zero BLER
· Study expectations for real BLER for bad DUTs
· 2e-5, 1e-3

The first four “real” BLER levels for good devices are those agreed for analysis at RAN4 #92bis. After further investigation, we believe that it is also interesting to consider BLER 0. A BLER of zero may be achieved if the SNR for the test is set to a very high level. In such a case, the aim of the test would be verifying that very low BLER operation is feasible for the device or BS under test rather than verifying a BLER vs SNR performance.
For zero real BLER, we assume a one-shot observation. The number of observations (N) needed to achieve a confidence level of X that an error floor is below the target of 1e-5, assuming that in reality the SNR is set high enough that the real BLER is zero and thus no errors are observed, can be expressed as:
1 - (1 – BLER target)N = X
Thus:
N = log(1-X)/log(1-BLER target) = log(1 - X) / log(1 – 1e-5)
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We divide the analysis into different confidence levels:

95% confidence level:
For the 95% confidence level, according to 36.521-1 the per step decision risk for 5% BLER is 0.004. Considering the limited time between the RAN4 meetings, we have re-calculated the early pass decision criteria by means of applying the same per-step decision risk value whilst considering 1e-5 BLER requirement and then estimated the time needed to ensure a pass for different real BLER levels. The calculation consists of:
(i) using the chi squared formula to determine the number of samples and number of observations for each decision coordinate considering the target BLER of 1e-5
(ii) considering the probability of observing up to the calculated number of errors in the calculated number of samples at each decision coordinate (i.e. the probability of passing at each decision co-ordinate) taking into account the real BLER and 
(iii) selecting the decision coordinate at which the probability of passing is 99% or 100%. 
The validity of re-using the same per step probabilities at very different BLER operating points is questionable, but it should give a first approximation in regard to the test time and feasibility. Based on this assumption, the estimated worst case for an early pass looks as follows:
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	Test time for 100% chance of early pass
	Test time for 99% chance of early pass

	
	Number of observations
	Test time
	Number of observations
	Test time

	1e-5
	>>5000000
	>>5 h
	>5000000
	>5h

	0.5e-5
	3000000
	100 min
	2100000
	70 min

	1e-6
	1000000
	33 min
	500000
	16 min

	1e-7
	500000
	16 min
	500000
	16 min

	zero
	300000
	10 min
	-
	


(Test times are calculated assuming TDD and no HARQ retransmissions)
(The calculation for 1e-5 for >5 million observations is difficult; it is to be expected that a long test time would be needed)

99.8% confidence level
For the 99.8% confidence level, according to 34.121-1 the per step decision risk for 1% BLER is 0.000085. Considering the limited time between the RAN4 meetings, we have re-calculated the early pass decision criteria by means of applying the same per-step decision risk value whilst considering 1e-5 BLER and again estimated test times for different levels of real BLER (using the same methodology as above). The validity of this approach is again questionable, but it should give a first approximation in regard to the test time and feasibility. Based on this assumption, the estimated worst case for an early pass looks as follows:


	Real BLER

	Test time for 100% chance of early pass
	Test time for 99% chance of early pass

	
	Number of observations
	Test time
	Number of observations
	Test time

	1e-5
	Large
	Too long
	Large
	Too long

	0.5e-5
	4500000
	150 min
	3400000
	115 min

	1e-6
	1500000
	50 min
	1000000
	33 min

	1e-7
	1000000
	33 min
	1000000
	33 min

	zero
	621000
	20 min
	-
	


(Test times are calculated assuming TDD and no HARQ retransmissions)

99.999% confidence level
For the 99.999% confidence level, there is no per step decision probability documented. Within the time between RAN4 meetings, we have not successfully calculated the per step probability. However, it may be guessed that at 99.999% CL, the test time will be unfeasibly long unless the real device BLER is extremely low.
It is straightforward to calculate the number of observations needed to establish 99.999% CL that the BLER is below 1e-5 if the real device / BS BLER is zero. In this case, the number of observations is around 1.15 million, corresponding to around 40 min test time.
Thus, we conclude that if the SNR is set such that the device or BS BLER can be expected to be zero then error floor testing to 99.999% confidence level is feasible. In this case, the test would demonstrate that the equipment is capable of achieving the BLER requirement with high confidence but would not demonstrate the performance of the baseband algorithms in terms of SNR.

Conclusion
For a conventional demodulation requirement, the SNR for the requirement is set such that the BLER or throughput target is just about achievable. For the URLLC, however, if the SNR is set such that the BLER target is just met then the BLER will not be testable to even a 95% confidence level within a reasonable test time.
If the SNR for the requirement is set at a higher level than required to achieve 1e-5 BLER, then demonstrating that less than 1e-5 BLER is achieved becomes more realistic. In particular, if the SNR is biased such that the BLER becomes zero then it is possible to demonstrate that there is no error floor with high confidence, see [1].

Observation 1: It is not feasible to test that the 1e-5 BLER target is just about met (i.e. actual BLER is close to 1e-5) with any reasonable confidence.
Observation 2: If the SNR is biased such that the real BLER is low (e.g. 1e-6 to 1e-7) then it is possible to demonstrate that there is no error floor with up to 99.8% confidence.
Observation 3: If the SNR is biased such that the real BLER becomes zero then it is possible to demonstrate that there is no error floor with high confidence, 99.999%.
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