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Introduction
In the previous RAN4 meeting (RAN4#94e) many agreements were made concerning the NR Rel-16 high reliability BS demodulation test feasibility and methodology. They are captured in the WF [1] and email discussion summary [2].
The documents also list the remaining BS demod open issues:
· Key parameters for ultra-low BLER test time estimation.
· Requirements and tests for FR2.
· TDD patterns for BS.
· Other parameters for ultra-low BLER test.
· DFT-s-OFDM.
· PT-RS and DM-RS configuration for PUSCH.
· Number of RB for PUSCH.
· Bandwidth for PUSCH.
· Test method
· Value for X.
· Where and how to capture X.
· Number of tests to define

In this contribution, we will express our views on the above listed issues.


[bookmark: _Hlk37090198]Key parameters for ultra-low BLER test time estimation

Requirements and tests for FR2
The first remaining issue in the RAN4#94e sub-topic of key parameters for test time estimation is the question of having requirements and test for FR2 or not [1]:
	· Requirements and tests for FR2:
· Option 1: Create requirements for FR2. No explicit applicability rule needed. 
· Option 2: Create requirements for FR2 with applicability rule Proponents of option 2 please clarify what applicability rule you propose
· Option 3: Do not create requirements for FR2



It is our understanding that for high reliability & high confidence level requirements, the use cases are mostly in FR1, due to generally improved coverage and reliability. Theoretical testing time in FR2 is reduced, but practical testing time might be increased due to higher technical requirements on the TE and test environment in FR2.
RAN4 to consider high reliability & high confidence level requirements only for FR2.


TDD patterns for BS
The second raised key test time evaluation issue in RAN4#94e is the question of TDD pattern for BS [1]:
	· TDD patterns for BS
· Proposals FR1
· Option 1: 3D1S1U (S=10:2:2) for 15kHz, 7D1S2U (S=6:4:4) for 30kHz
· Option 2: SU or DSUU 



We request to use the practically relevant TDD patterns, and not change to UL biased ones, in order to not expose the equipment and implementations with unrealistic loads.
UL biased TDD patterns represent unrealistic loads for the hardware equipment and implementation.
RAN4 to consider option 1 (the “standard” TDD patterns).


Other parameters for ultra-low BLER test

DFT-S-OFDM
The issue of having high reliability & high confidence level requirements for the waveform Dft-s-OFDM was left for further study in RAN4#49e [1]:
	· CP-OFDM
· DFT-S-OFDM is FFS



Given the heavy burden of testing high reliability & high confidence level requirements, we think that is not justified to double the test load for DUTs that support both CP-OFDM and DFT-S-OFDM.
CP-OFDM as a baseline is sufficient for minimum performance requirements.
RAN4 to not have high reliability & high confidence level test requirements for DFT-s-OFDM.


PT-RS and DM-RS configuration for PUSCH
The WF seems to contain a slight type in the sub-topic, since the PT-RS question was already decided (at least for FR1), and the options are only concerned with DM-RS configurations [1]:
	· No PT-RS for FR1
[…]
· PT-RS and DM-RS configuration for PUSCH
· Option 1: 1+0
· Option 2: 1+1
· Option 3: 1+0 and 1+1 with applicability rule



Nokia’s use cases for high reliability always foresee the usage of as many DM-RS as possible.
The choice of DM-RS not impact testing time, just the required SNR is increasing with less DM-RS; with the latter being even more pronounce in non-static channels.
It is not obvious to Nokia, why one would want to use less than the maximum of the allowed DM-RS in a high reliability use case.
RAN4 to consider either DM-RS configuration 1+1, or to allow both 1+0 and 1+1 with applicability rule.


Number of RB and CBW for PUSCH
The open issue of “Number of RB for PUSCH” (short: FDRA) and “[Channel] Bandwidth for PUSCH” (short: CBW) are closely related, and we treat them together in this section.
Concerning the FDRA options [1]:
	· Number of RB for PUSCH
· Option 1: 25 RB 
· Option 2: 65 RB 
· Option 3: Full bandwidth for 5MHz/15k SCS and 10MHz/30Kscs
· Option 4: Full bandwidth with 10MHz/15k SCS and 40MHz/30k SCS
· Option 5: Full bandwidth
· Other options not precluded



Our observations from previous simulation campaigns have not changed, see for example [3]:
A very wide FDRA should be chosen to avoid error floors caused by frequency selective propagation conditions (“deep fades” inconveniently placed in the FDRA), thanks to frequency diversity.
In the best case the full applicable test CBW should be chosen for the FDRA. 
Generally, such a configuration is advantageous for high reliability and representative of a practical deployment, since frequency diversity is required in real systems. We should take the use case into account, even though this is not an issue in our AWGN only setup.
Full applicable test CBW should be chosen for the FDRA. Such a configuration is advantageous for high reliability, since frequency diversity needs to be exploited in real systems. Hence, full CBW is representative of a practical deployment, even though it is not strictly required in AWGN based requirements.
RAN4 to consider option 3 for the number of RB for PUSCH (full CBW for 5MHz/15k SCS and 10MHz/30K SCS).

The reasoning for minimum CBW in the above proposal only is lined to the second open issue [1]:
	· Bandwidth for PUSCH
· Option 1: 5MHz for 15k SCS, 10MHz for 30k SCS
· Option 2: 10MHz for 15k SCS, 40MHz for 30k SCS
· Option 3: 5/10/20MHz for 15k SCS, 10/20/40/100MHz for 30k SCS, applicability rule to ensure just one test
· Option 4: Option 1+option 2 
· Other options not precluded



We observe that full CBW FDRA combined with 40MHz CBW, results in a very large TBS; even considering the low spectral efficiency MCS already agreed upon.
The resulting TBS is arguably too large to justify a practical use case. Hence, we propose to only use the minimum CBWs of 5MHz for 15k SCS, 10MHz for 30k SCS:
RAN4 to consider option 1 for the channel bandwidth for PUSCH (5MHz for 15k SCS, 10MHz for 30k SCS).



Test method

Value for X
The last meeting made much progress on the question of making URLLC high reliability performance requirements practically testable. With the most obvious step being the reformulation of the test requirements to encompass both the previous test methods (M1: “Brute force” and M2: “Biased/Perfect channel”) [1]:
	· Reformulate the discussion as follows:
· Test requirement = SNR for 10^-5 + IM + [X]
· X is FFS and could be zero
· FFS whether X appears in the core spec or test spec, or is just considered part of IM



We have one observation from TS 38.141-1/2 concerning the technicalities of the reformulation:
The standard difference between minimum requirement and test requirement is usually denoted “TT” (test tolerance) in LTE and Rel-15 NR. We should avoid using “IM” (implementation margin), which seems to only be common in RF requirements.

The more pressing technical question, however, is the value of X to be chosen [1]:
	· Issue 3.5.1: Value for X
· Option 1: X is zero
· Option 2: Not higher than ~0.5 dB
· Option 3: More than 1dB, prefer 3dB
· Other options not precluded



We know from the manifold previous contributions on the high reliability test feasibility that:
Marginal DUTs require too many samples to be practically testable in UL high reliability & high confidence level test cases. However, we cannot assume non-marginal DUTs, since this would effectively require vendors to design the DUTs for even lower BLER, than required for the test case.

We see from our previous evaluations [3] that (at least in the evaluated) scenarios, that choosing X to be ~1dB will allow a good DUTs terminate as early as a non-marginal 10-6 BLER DUT in a “mild” fading channel:
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Figure 1: PUSCH high reliability testing simulation of standard scenario; 1e6 TBs, left: AWGN, right: TDLA-30.
DUTs designs anticipating the relaxation on test requirements are not practically testable, as they become marginal DUTs in testing.
The above leads us to the following observation and proposal:
In one simulated scenario, choosing X to be ~1dB will allow a good DUTs terminate as early as a non-marginal 10-6 BLER DUT in a “mild” fading channel. It should be noted that other scenarios might need more SNR margin.
RAN4 to choose “X” at least to be 1dB and preferably 3dB. Where “X” does not impact the minimum performance requirement, but just the test requirement.


Where and how to capture X
Assuming the value of X was agreed to be non-zero, we are left with the issue of where to capture the value in the specification [1]:
	· Issue 3.5.2: Whether X is specified in the core spec and if so whether it is explicit or part of the IM
· Option 1: Core spec and explicit
· Option 2: Core spec and implicit (in IM) 
· Option 3: Not in core spec 
· Note: Issue is only applicable if X is non-zero
· Issue 3.5.3: Whether X is specified in the conformance spec, and if so whether it is explicit or part of the TT
· Option 1: Conformance spec and explicit
· Option 2: Conformance spec and implicit (in TT)
· Option 3: Not in Conformance spec
· Note: Issue is only applicable if X is non-zero



It is our opinion that a non-zero X value for the test requirement must be explicitly disclosed in the test specification to uphold the trustworthiness of the test specification.
Provisions for disclosing details on how performance test requirements were derived from minimum requirements are already present in the test specification (e.g., [4]):
	[bookmark: _Toc21100236][bookmark: _Toc29810034]C.3	Measurement of performance requirements
Table C.3-1: Derivation of Test Requirements (Performance tests)
	Test 
	Minimum Requirement in TS 38.104 [2]
	Test Tolerance
(TT)
	Test requirement in the present document

	8.2.1	Performance requirements for PUSCH with transform precoding disabled
	SNRs as specified
	0.6 dB for 1Tx cases
0.8 dB for 2Tx cases 
	Formula: SNR + TT
T-put limit unchanged

	8.2.2	Performance requirements for PUSCH with transform precoding enabled
	SNRs as specified
	0.6 dB
	Formula: SNR + TT
T-put limit unchanged

	8.3.1	Performance requirements for PUCCH format 0
	SNRs as specified
	0.6 dB
	Formula: SNR + TT
False ACK limit unchanged
Correct ACK limit unchanged 

	
	[…]
	
	







Thus, it is our proposal to capture any non-zero value of “X” explicitly in the “Formula” column of the derivation of test requirements for performance tests appendix, i.e., 
	Test 
	Minimum Requirement in TS 38.104 [2]
	Test Tolerance
(TT)
	Test requirement in the present document

	8.X.X	Performance requirements for high reliability high confidence level PUSCH
	SNRs as specified
	0.6 dB for 1Tx cases
	Formula: SNR + TT + 1.5 dB
BLER target unchanged



RAN4 to consider capturing any non-zero value of “X” explicitly in the “Formula” column of the derivation of test requirements for performance tests appendix of the test specifications.
Such an explicit and transparent inclusion of “X” makes it possible for operators to plan with faithful minimum performance figures and it is possible to centrally account for future advances in performance testing equipment.


Number of tests to define
The last open issue, is whether (considering all previous agreements) a test is whether testing is now practically feasible, and if yes, how many tests of high reliability & high confidence level are acceptable from a product delay perspective [1]:
	· Number of requirements
· Option 1: zero requirements/tests
· Option 2: One requirement/test
· Option 3: >1 requirements, but only one test (using applicability rule)
· Option 4: more than one requirement and more than one test
· Other options not precluded



RAN4 to introduce one (1) requirement/test for high reliability & high confidence level test case, under the constraint that “X” is chosen larger than 1dB.
The main bulk of the test cases is provided in the parallel discussion on relaxed testing with lower confidence levels and KPI targets, where testability is not an issue.


Disclaimer on 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 earlier contributions are 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 a note along the following lines 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.”



Conclusion
In this contribution we have provided our views on various open NR Rel-16 high reliability BS demodulation test feasibility and methodology issues. In particular, the introduction of requirements and tests for FR2, TDD patterns for the BS, DFT-s-OFDM, DM-RS configuration, FDRA, CBW, the value of the difference between test requirements and minimum performance requirements, and the number of tests to define.
We have made the following observations and proposals:

Requirements and tests for FR2
1. RAN4 to consider high reliability & high confidence level requirements only for FR2.

TDD patterns for BS
1. UL biased TDD patterns represent unrealistic loads for the hardware equipment and implementation.
RAN4 to consider option 1 (the “standard” TDD patterns).

DFT-s-OFDM
RAN4 to not have high reliability & high confidence level test requirements for DFT-s-OFDM.

PT-RS and DM-RS configuration for PUSCH
RAN4 to consider either DM-RS configuration 1+1, or to allow both 1+0 and 1+1 with applicability rule.

Number of RB and CBW for PUSCH
Full applicable test CBW should be chosen for the FDRA. Such a configuration is advantageous for high reliability, since frequency diversity needs to be exploited in real systems. Hence, full CBW is representative of a practical deployment, even though it is not strictly required in AWGN based requirements.
RAN4 to consider option 3 for the number of RB for PUSCH (full CBW for 5MHz/15k SCS and 10MHz/30K SCS).
RAN4 to consider option 1 for the channel bandwidth for PUSCH (5MHz for 15k SCS, 10MHz for 30k SCS).

Value for X
The standard difference between minimum requirement and test requirement is usually denoted “TT” (test tolerance) in LTE and Rel-15 NR. We should avoid using “IM” (implementation margin), which seems to only be common in RF requirements.
Marginal DUTs require too many samples to be practically testable in UL high reliability & high confidence level test cases. However, we cannot assume non-marginal DUTs, since this would effectively require vendors to design the DUTs for even lower BLER, than required for the test case.
In one simulated scenario, choosing X to be ~1dB will allow a good DUTs terminate as early as a non-marginal 10-6 BLER DUT in a “mild” fading channel. It should be noted that other scenarios might need more SNR margin.
RAN4 to choose “X” at least to be 1dB and preferably 3dB. Where “X” does not impact the minimum performance requirement, but just the test requirement.

Where and how to capture X
RAN4 to consider capturing any non-zero value of “X” explicitly in the “Formula” column of the derivation of test requirements for performance tests appendix of the test specifications.
Such an explicit and transparent inclusion of “X” makes it possible for operators to plan with faithful minimum performance figures and it is possible to centrally account for future advances in performance testing equipment.

Number of tests to define
RAN4 to introduce one (1) requirement/test for high reliability & high confidence level test case, under the constraint that “X” is chosen larger than 1dB.

Disclaimer on safety critical aspects
If high reliability will be tested with BLER metric, add a note along the following lines 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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