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Introduction
In RAN4#93 good progress was made w.r.t. deciding the high reliability demodulation minim performance requirement test feasibility and finding possible test/configuration scenarios [1], [2].
Apart from provisions for PUSCH low BLER high confidence requirement testing, agreements were made to purely test the functional implementation of URLLC high reliability related features, by including tests with relaxed KPIs. 
URLLC low latency related features, were previously evaluated to be infeasible to be tested with KPI delay [3]. Accordingly, in the latest WF [2] it was agreed to only introduce functional feature implementation tests and further study requirements for different grants:
	· Introduce PUSCH demodulation requirements to verify the support of PUSCH mapping Type B with non-slot configured with fewer symbols than Rel-15
· FFS requirements for UL transmission with grant free/UL configured grant



In this contribution we discuss and propose our preferred way forward for high reliability requirements based on the test feasibility and meaningfulness analysis in our companion paper [4]. Furthermore, we briefly discuss our opinions on low latency requirements.



High reliability BS demodulation requirements

PUSCH high reliability requirements

PUSCH low BLER high confidence requirement
If judged feasible, it was agreed to define one test to verify 1e-5 BLER for PUSCH with high statistical confidence assuming test cases centred around the following configurations [2]:
	· Introduce PUSCH low BLER high confidence requirement
· If feasible, define [1] test case to verify 10^-5 BLER
· Target BLER: 10^-5
· Target test confidence level: 99.999%
· Propagation conditions: Static channel
· MCS: MCS5 from MCS Table 2 for PUSCH
· Duplex mode: Both TDD and FDD
· FFS TDD patterns
· SCS:
· TDD: 30KHz
· FFS 15kHz
· FDD: 15KHz
· FFS 30KHz
· Test method: refer to R4-1915866 (ad hoc minutes for NR URLLC test feasibility) 
· Method 1: Consider aggregation 1 or 2, but no HARQ for non-boosted SNR
· Method 2: No aggregation or HARQ for boosted SNR.
· FFS whether to use method 1 or method 2 for testing (as described below). Adjustment of the baseline parameters for the long test after simulations is not precluded.



Following the proposals of our companion test feasibility paper [4] we prefer to not define a test case for 1e-5 BLER with high statistical confidence power requirement:
[bookmark: _Hlk32503664]RAN4 to not define requirements and/or test cases for 1e-5 PUSCH BLER with high confidence requirement.
In case our evaluation of the feasibility is proved wrong, we can envision to agreeing with requirements using test method 2.
With a large amount of resources spent on testing and accepting feature introduction delays, it can be conceivable to define requirements and/or test cases for 1e-5 PUSCH BLER with high statistical confidence requirements using test method 2.


PUSCH relaxed high reliability requirements
Independent of the “1e-5 BLER for PUSCH with high confidence” requirement, it was also agreed to introduce relaxed test cases [2]:
	· Other test cases will be defined with higher BLER and/or lower confidence level 
· Other parameter combinations of HARQ, aggregation, channel etc. and further requirements will be considered. 
· When further requirements are specified, it will be decided case by case whether to test them at 10^-5 BLER and CL 99.999% or other conditions
· Other test cases will include PUSCH aggregation
· FFS PUSCH aggregation level



Based on the many previous fundamental studies on high reliability testing (see e.g., [R4-1913406] and the references therein), it has been accepted that confidence levels are only sensible, if they are at least as stringent as the error rate target.
For any relaxed high reliability requirements defined for PUSCH, the confidence level and BLER target need to be on the same order of magnitude (CL ~= 1-BLER) or better.

Relaxed high reliability requirements being introduced to test the functional implementation of certain high reliability related features, should at least contain the following features.
RAN4 to introduce relaxed high reliability requirements for PUSCH slot aggregation factor n4, with HARQ activated at the same time.
RAN4 to introduce relaxed high reliability requirements using the low spectral efficiency table with an MCS having a lower coding rate than what would be possible without the low SE table, i.e., MCS 5 or lower.

The definition of “relaxed high reliability requirements” is 
RAN4 to agree on relaxed high reliability requirements being not more test time intensive than BLER = 1e-2 with CL = 1-1e-2.


MCS table to be used
Some open questions concerning the MCS selection arise from the discussion captured in the minutes [1] and WF [2] of the last meeting:
It is not clear from the adhoc minutes of RAN4#93, if PUSCH MCS was agreed to be chosen from the low SE table or not. The captured discussion and agreements seem to not align.
RAN4 to clarify that the low spectral efficiency MCS tables are to be used for feasibility evaluation and eventual requirement definition.


Choice of static channel
In the last meeting the propagation condition of the (possible) 5-9s reliability KPI requirement was agreed to use a static channel (AWGN). Such a choice carries many advantages, also for other moderately high reliability KPI requirements (e.g., 1e-3 and 1e-4). 
Fading channels can make higher reliability requirements systematically unachievable for certain configurations, due to deep fading conditions. To protect against such performance degradation a large bandwidth needs to be configured for frequency diversity, which is contrary to many URLLC use cases.
Choosing the propagation condition of static channel (AWGN) eliminates the need for larger bandwidths to protect against systematic deep fading effects in fading channel models via frequency diversity.
RAN4 to consider stat channel (AWGN) propagation conditions only, for all requirements with BLER <= 1e-3.


PUCCH demodulation performance requirements
In RAN4#93 the introduction of PUCCH demodulation performance requirements was agreed to be FFS [2].
Generally, the PUCCH DTX to ACK probability is to be kept one order of magnitude lower than the BLER target of the corresponding data transmission, so as to not dominate the data BLER. In non-URLLC BS demodulation requirements the targets are 1% and 10% respectively. 
Given the observed issues in testing down to targets as low as 1e-6, we don’t see it feasible to introduce PUCCH demodulation performance requirements for high reliability.
PUCCH DTX to ACK probability is to be kept one order of magnitude lower than the BLER target of the corresponding data transmission. Issues are currently observed in testing down to such targets.
RAN4 to not introduce PUCCH demodulation performance requirements for high reliability.
[bookmark: _GoBack]

Other observations
In case new demodulation requirements with “uncommon” reliability statistics are introduced, the question of introducing a statistical testing appendix should be re-opened.
In case demodulation requirements with uncommon error rates and targets are introduced, the introduction of a statistical testing appendix needs to be re-evaluated.



Low latency BS demodulation requirements
In RAN4#93 the following agreements were captured concerning BS demodulation requirements for low latency [2]:
	· Introduce PUSCH demodulation requirements to verify the support of PUSCH mapping Type B with non-slot configured with fewer symbols than Rel-15
· FFS requirements for UL transmission with grant free/UL configured grant



We remind here that URLLC low latency related features, were previously evaluated to be infeasible to be tested with KPI delay [3].
Type B PUSCH time domain resource allocation can provision 2 DM-RS symbols starting from an allocation length of 5 symbols.
RAN4 to introduce PUSCH Type B demodulation requirements with an allocation length of 5 symbols and using the R15 PUSCH KPIs.

Concerning the UL grant free/grant based requirements, it is unclear to us at this moment, how the grant should affect the demodulation performance.
Demodulation performance is expected to be independent from the grant choice.
RAN4 to not introduce requirements for UL transmission with grant free/UL configured grant.



Safety critical aspects
Since the URLLC features of 5G NR will potentially be used in safety critical applications, the ultimately chosen statistical testing methodology for testing of these features must be verified by an independent body of experts/statisticians, before requirements and test can be used as basis for safety critical implementations.
All statistical analysis provided in this and the companion contribution is to be taken as a best effort and is not to be taken as due diligence.
If high reliability will be tested with BLER metric, add the following note to the test specification: “Note that this test procedure will only provide an indication to a certain confidence level that the target reliability requirements are likely to be satisfied, and it is assumed that for critical applications further testing would be done to ensure suitability of the equipment for the intended application.”



Conclusions
In this contribution we discuss and propose our preferred way forward for high reliability BS demodulation requirements. Furthermore, we briefly discussed our observations about low latency requirements. 
We have made the following proposals and observations:

PUSCH low BLER high confidence requirement
1. RAN4 to not define requirements and/or test cases for 1e-5 PUSCH BLER with high confidence requirement.
1. With a large amount of resources spent on testing and accepting feature introduction delays, it can be conceivable to define requirements and/or test cases for 1e-5 PUSCH BLER with high statistical confidence requirements using test method 2.

PUSCH relaxed high reliability requirements
For any relaxed high reliability requirements defined for PUSCH, the confidence level and BLER target need to be on the same order of magnitude (CL ~= 1-BLER) or better.
RAN4 to introduce relaxed high reliability requirements for PUSCH slot aggregation factor n4, with HARQ activated at the same time.
RAN4 to introduce relaxed high reliability requirements using the low spectral efficiency table with an MCS having a lower coding rate than what would be possible without the low SE table, i.e., MCS 5 or lower.
RAN4 to agree on relaxed high reliability requirements being not more test time intensive than BLER = 1e-2 with CL = 1-1e-2.

MCS table to be used
It is not clear from the adhoc minutes of RAN4#93, if PUSCH MCS was agreed to be chosen from the low SE table or not. The captured discussion and agreements seem to not align.
RAN4 to clarify that the low spectral efficiency MCS tables are to be used for feasibility evaluation and eventual requirement definition.

Choice of static channel
Choosing the propagation condition of static channel (AWGN) eliminates the need for larger bandwidths to protect against systematic deep fading effects in fading channel models via frequency diversity.
RAN4 to consider stat channel (AWGN) propagation conditions only, for all requirements with BLER <= 1e-3.

PUCCH demodulation performance requirements
PUCCH DTX to ACK probability is to be kept one order of magnitude lower than the BLER target of the corresponding data transmission. Issues are currently observed in testing down to such targets.
RAN4 to not introduce PUCCH demodulation performance requirements for high reliability.

Other observations
In case demodulation requirements with uncommon error rates and targets are introduced, the introduction of a statistical testing appendix needs to be re-evaluated.

Low latency BS demodulation requirements
Type B PUSCH time domain resource allocation can provision 2 DM-RS symbols starting from an allocation length of 5 symbols.
RAN4 to introduce PUSCH Type B demodulation requirements with an allocation length of 5 symbols and using the R15 PUSCH KPIs.
Demodulation performance is expected to be independent from the grant choice.
RAN4 to not introduce requirements for UL transmission with grant free/UL configured grant.

Safety critical aspects
If high reliability will be tested with BLER metric, add the following note to the test specification: “Note that this test procedure will only provide an indication to a certain confidence level that the target reliability requirements are likely to be satisfied, and it is assumed that for critical applications further testing would be done to ensure suitability of the equipment for the intended application.”
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