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Introduction
In the last meeting (RAN4#96e) virtually all open issues concerning Rel-16 ultra-low BLER BS demodulation requirements were resolved. The agreements are captured in the email discussion summary [1] and WF [2].
The last remaining BS side open issue being the exact description of the test methodology for BS conformance testing [2]:
	· Detailed description of the test methodology in the BS conformance specification
· RAN5 description should be a starting point
· Companies are encouraged to provide proposed text for the next meeting; please co-ordinate with the editors for the 38.141-1 and 38.141-2 CRs for ultra-low BLER
· Companies are encouraged to contribute on the per step risk and the decision co-ordinates table in particular for the next meeting



With the corresponding BS test methodology agreements [2]:
	· BS test methodology:
· Captured in Annex
· Applicable for 10^-5 BLER and 99.999% CL only
· Asymmetric per step risks should be used, as in RAN5 LTE (TS 36.521-1, G.7.10) and RAN5 NR (TS 38.521-4 G.2.10). 
· Include a table of decision co-ordinates



In this contribution, we will provide some background information to substantiate the choices the statistical testing appendix CR [3], which is co-signed by Nokia.


Discussion

Per step decision risks
The agreed LS from last meeting [4] lists a summary of per step decision risks that various companies have proposed throughout the NR_L1enh_URLLC-Perf WI BS demod discussion:
	· Appendix: Early Pass/Fail Test Methodology

· Company A (R4-1913495): 
· Using the test methodology in Appendix F.6.1 in TS 34.121-1, D = 0.000075% is used for early pass/fail methodology to achieve 99.999% confidence level.

· Company B (R4-1913482):
· Using the test methodology in Appendix F.6.1 in TS 34.121-1, D = 0.00008% is used for early pass/fail methodology to achieve 99.998% confidence level.

· Company C (R4-1913406):
· [bookmark: _Hlk52632085][bookmark: _Hlk52632120]Using the test methodology in Appendix G.7.10 in TS 36.521-1, dearly fail=8e-7 and clearly pass=1-1e-7=0.9999999 is used for early pass/fail methodology to achieve 99.999% confidence level.



Nokia was championing early fail and early pass per step decisions risks of 
	d_early_fail = 8e-7
	d_early_pass = 1e-7
until now, in order to derive decision co-ordinates that result in a per test confidence level (CL) of 99.999%.
Still ongoing simulation campaigns of various companies (incl. Nokia) are indicating that the early fail per step decision risk needs to be tightened to reach CL = 1-1e-5.
However, a lower d_early_fail doesn’t impact the minimum testing time for good DUTs (i.e., DUTs with a true BLER lower than 1e-5) at all; only bad DUTs need more samples/slots/transport blocks to be decided as fail.
A lower d_early_fail does, however, impact the maximum testing time. Though, the increase is quite manageable:
d_early_fail = 8e-7 and d_early_pass = 1e-7 => maximum testing time = 49e6 samples.
d_early_fail = 2e-7 and d_early_pass = 1e-7 => maximum testing time = 52e6 samples.
With the understanding, that the maximum testing time is only of interest for perfectly marginal DUTs and vendors design their BS to pass without issues (i.e., be quite a bit better than marginal).
Making d_early_fail up to an order of magnitude stricter, does not meaningfully impact the testing time for marginal DUTs, and does not impact the testing time for good DUTs at all.
RAN4 to choose per step decision risks of d_early_fail = 2e-7 and d_early_pass = 1e-7, or d_early_fail = 4e-7 and d_early_pass = 1e-7 right now, and if necessary revise them, once further simulation results from several companies are available.


Low error count decision co-ordinates
One issue pointed out by our prior contribution [5], is the inconsistently handled low error count decision co-ordinates in the RAN5 statistical testing appendices (e.g., TS 37.571-1, Table D.4.1, TS 36.521-1, G.7.10, TS 37.571-1, D.4.5).
It is to be noted that the standard algorithm to derive the pass/fail limits (aka “decision co-ordinates) per count of error event (ne) are not defined for ne=0:
[image: ]
I.e., a perfect DUT that never has a single error event cannot be decided using limits derived with these equations.
The inverse cumulative function of the negative binomial distribution is not defined for 0 error/success events. 
This is also intuitively expected, as the question of “how often do I need to flip a coin to see 0 heads with Y probability” does not really makes sense; one should just not flip the coin at all.
The current RAN5 (and RAN4 LTE) statistical appendices seem to adopt various approaches to resolve this issue, which can be broadly categorized in three methods:
1. “ne+1 everywhere”, 
i.e., ne=0 row is actually derived with ne=1, and ne=1 row is actually derived with ne=2, etc.
	ne
	nsp

	0
	77

	1
	106


1. “ne=0 undefined”, 
i.e., a device needs to be tested until an error is observed.
	ne
	nsp

	0
	NA

	1
	77


1. “ne+1 only for first”, 
i.e., if we get to the limit for ne=1 without any error, then we can already pass (which any test engineer would have done in any case).
	ne
	nsp

	0
	77

	1
	77



The method (c) is the only one explicitly justified in specifications; in TS 34.121-1 F.6.1.9 we have the following note:
	At the beginning of the test, an artificial error is introduced. This ensures that an ideal DUT meets the valid range of the early pass limit. In addition this ensures that the complementary experiment (F.6.1.4. bullet point (2)) is applicable as well.
For the check against the early fail limit the artificial erroneous sample, introduced at the beginning of the test , is disregarded.



Additionally, we think that no device should be decided before one thousand samples have been obtained. Given that even low ne numbers already have expectations of hundreds of thousands of samples to make a pass decision, it does seem prudent to let at least a thousand samples accumulate even for fail decisions.
RAN4 to adopt the approach of letting DUTs pass with zero error event, if the number of samples of the next valid sample count is reached (i.e., the next highest non-N/A entry).
RAN4 to replace sample counts of <1000 samples, with the next highest non-N/A entry.



Conclusion
In this contribution we have explained our choices for an ultra-low BLER URLLC statistical testing appendix CR. No new simulation results were included.
We have made the following observations and proposals:

Per step decision risks
1. Making d_early_fail up to an order of magnitude stricter, does not meaningfully impact the testing time for marginal DUTs, and does not impact the testing time for good DUTs at all.
1. RAN4 to choose per step decision risks of d_early_fail = 2e-7 and d_early_pass = 1e-7, or d_early_fail = 4e-7 and d_early_pass = 1e-7 right now, and if necessary revise them, once further simulation results from several companies are available.

Low error count decision co-ordinates
The inverse cumulative function of the negative binomial distribution is not defined for 0 error/success events. 
RAN4 to adopt the approach of letting DUTs pass with zero error event, if the number of samples of the next valid sample count is reached (i.e., the next highest non-N/A entry).
RAN4 to replace sample counts of <1000 samples, with the next highest non-N/A entry.
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