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Introduction
In RAN4#92bis, the NR Rel-16 URLLC feature RAN4 requirements discussed in Ad Hoc session in ‎[1], the following was agreed from the Discussion on criteria for deciding test feasibility for ultra-low BLER:
To decide on whether high reliability testing is feasible, take the following into account:
· Confidence level achieved by tests is reasonable for high reliability applications
· Test time is expected to be practical
· Other considerations not precluded
Alternatives or compliments to high reliability testing:
· Test features relating to high reliability
· Test that error floor is not present (but not confirming high reliability)
· Other options not precluded
in this document, our view on ultra-reliability testing is provided.
Background on high reliability for URLLC
According to the technical report, Study on Scenarios and Requirements for Next Generation Access Technologies ‎[2], the reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
A general URLLC reliability requirement for one transmission of a packet is 1x10-5 for 32 bytes with a user plane latency of 1ms.
For eV2X, for communication availability and resilience and user plane latency of delivery of a packet of size 300 bytes, the requirements are as follows:
-	Reliability = 1-10-5, and user plane latency = 3-10 msec, for direct communication via sidelink and communication range of (e.g., a few meters)
-	Reliability = 1-10-5, and user plane latency = 3-10 msec, when the packet is relayed via BS.
Note that target communication range and reliability requirement is dependent of deployment and operation scenario (e.g., the average inter-vehicle speed).

NOTE1: Other reliability requirements may be added, if needed, e.g. for critical communications relating to high-speed train, and more detailed requirements for eV2X should refer to the SA1 requirements in 3GPP TS 22.886.
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Feasibility on high reliability testing
The following aspects for feasibility on high reliability testing need to be considered.
Confidence level
In ‎[1] four target Confidence Levels are proposed to be further studied:
· Option 1: 95%
· Option 2: 99.8%
· Option 3: 99.98%
· Option 4: 99.999%
Contribution [3] considers the amount of test time needed for these different confidence levels, assuming that the BLER target is 1e-5 and that the SINR may be set such that the real BLER is much lower. The contribution demonstrates that:
· Test time is unfeasible for all confidence levels if the actual BLER operating point is close to the target of 1e-5
· Test time is feasible if the SNR is set such that the actual BLER operating point is significantly below the target
· Even 99.999% confidence is possible if the actual BLER is zero (the SNR is very high)
Observation 1: It is not feasible to test ultra-reliable operation when the SNR is set such that the actually achieved BLER is close to the (1e-5) BLER requirement.
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Test time is an important aspect of feasibility. The closer the tested BLER of the device is to the target BLER requirement, the longer test time is needed to achieve high confidence level and avoid failing good DUT devices or passing bad ones. The most important aspect in determining test time is avoiding passing bad devices.
Observation 2: When testing DUT, it is more important that the bad DUT device should always fail during the test time than the good device avoid failing for a certain test time.
For compliance testing, the whole BLER curve is not needed, and the test could be performed for a specific test condition. According to our investigation an example for an approximate realistic test time is around 5-10 hours for each test. A prerequisite for this is that the number of tests of this length is no more than one or two.
Observation 3: For each test an example for an approximate realistic test time is around 5-10 hours with no error floor. The number of different tests of this length should be very low.

Conclusion on high reliability testing
From the above considerations, we conclude that it is not feasible to verify that a 1e-5 BLER can be achieved at a specific SNR level with high confidence. The test time would simply be too long.
What is feasible is to run a test with an SNR level set higher than the minimum needed to achieve 1e-5 BLER, such that the device or BS under test would operate with a much lower BLER than the BLER target. With SNR set in this way, it is possible to verify that the device or base station under test does not exhibit an error floor that would be inconsistent with achieving 1e-5 BLER. The verification that no error floor exists can be achieved to a pretty high confidence level:
· 99.999% confidence is achievable if SNR is set sufficiently high that zero BLER will occur
· 99.8% confidence if the SNR is set such that the BLER is very low but not zero (i.e. a few errors are allowed for; actual BLER 1e-6 to 1e-7)
The test time for such tests is in the order of 0,5 to 1 hour (assuming no HARQ retransmissions), which should be feasible.
We believe that error floor requirement and test is potentially worthwhile to introduce. The requirement would verify that 1e-5 operation is possible but would not verify BLER vs SNR performance (because the SNR would be set such that achieved BLER would be much lower than the target).
Proposal 1: RAN4 considers to set an error floor requirement/test. The BLER target for the requirement would be [1e-5], but the SNR would be set sufficiently high that the operating BLER during the test would be much lower.
Whilst it would be useful to have such a requirement designed for 3GPP performance requirement purposes, we do not believe that the requirement should be described as a high reliability conformance test, since passing the requirement would not imply achieving high reliability in the actual deployment environment. Passing the requirement should rather be interpreted as demonstrating that the receiver performance has the potential to offer high reliability if other factors also are in place. The wording for such a requirement should be discussed and decided carefully.
Proposal 2: RAN4 carefully describes the performance requirements such that it is clear that there are requirements for error floor and BLER vs SNR, but that the requirements do not constitute a guarantee that the whole system operates with ultra-reliability when deployed.
Compliments to error floor testing
[bookmark: _Hlk22730141]In section 3.1.3, we propose that it is feasible to create a requirement and test that the device/BS does not exhibit an error floor. For an error floor test to be feasible, the SNR must be set high enough that the device BLER is significantly below the target BLER of 1e-5. An error floor requirement on its own does not validate or test the BLER vs SINR performance of the device/base station (i.e. the test does not verify that the SNR required for achieving a specific BLER target is reasonable).
BLER vs SNR cannot feasibly be tested at high reliability (i.e. low BLER and high CL). To test BLER vs SNR, either the BLER operating point needs to be higher, or the confidence level needs to be lower, or both.
From [3], reducing the confidence level alone will not achieve a feasible test time if the BLER target is 1e-5. For testing BLER vs SNR, in our view the CL need be no higher than 99.8% and the BLER target no lower than 1e-3.
Proposal 3: In addition to an error floor requirement/test, BLER vs SNR requirements relating to URLLC are created.
Proposal 4: To perform the test in a reasonable time, test BLER vs SNR by means of setting requirements with BLER target no lower than 1e-3 (and appropriate SNR) that are tested with CL no greater than 99.8%.
 
An efficient means for testing the BLER vs SNR performance is to define requirements on the URLLC orientated features, such as PDSCH repetition over multiple slots, PUSCH repetition with configured grant or grant free and New MCS table with lower coding rate.
Proposal 5: The SNR vs BLER performance for URLLC could be tested by means of tests on URLLC related features like PDSCH repetition over multiple slots, PUSCH repetition with configured grant or New MCS table with lower coding rate

Conclusion
We kindly ask RAN4 to agree on the following proposals:
Proposal 1: RAN4 considers to set an error floor requirement/test. The BLER target for the requirement would be [1e-5], but the SNR would be set sufficiently high that the operating BLER would be much lower.
Proposal 2: RAN4 carefully describes the performance requirements such that it is clear that there are requirements for error floor and BLER vs SNR, but that the requirements do not constitute a guarantee that the whole system operates with ultra-reliability when deployed.
Proposal 3: In addition to an error floor requirement/test, BLER vs SNR requirements relating to URLLC are created.
Proposal 4: To perform the test in a reasonable time, test BLER vs SNR by means of setting requirements with BLER target no lower than 1e-3 (and appropriate SNR) that are tested with CL no greater than 99.8%.
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