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1. Introduction
[bookmark: _Hlk521500305]In the last meeting, WF [1] discussed URLLC ultra-low BLER tests in RAN4. In this paper, we discuss our views on open issues. 
2. CQI Reporting Tests
As a new CQI table has been introduced in RAN1 specification solely for supporting URLLC, we should at least define a CQI reporting test for testing high reliability. It should follow the 3rd CQI table based on 10-5 BLER. Test can be defined along the same lines of existing AWGN definition tests but it should also have a lower bound for reported CQI so that UE can’t pass the test by simply reporting CQI 0 all the time. Therefore, we propose the following.
Proposal 1: Define a lower bound for median reported CQI in the CQI reporting tests for 99.999% reliability.
As CQI reporting test will also target 1e-5 BLER, we should consider running the CQI reporting test with 99.999% confidence level. At the same time, we would want to reduce the test duration similar to fixed MCS ultra-low BLER test. It was agreed in [1] to add X = [0.5]dB to the SNR requirement to reduce the test duration. 
As RAN4 is trying to limit the number of long tests, we should consider defining the CQI reporting test and fixed MCS test under AWGN condition at same SNR. In that case, if UE shows < 1e-5 BLER at the same SNR for an MCS greater than or equal to MCS in fixed MCS test, UE automatically passes the fixed MCS test. Similarly, if UE shows > 1e-5 BLER at the same SNR for an MCS less than or equal to MCS in fixed MCS test, UE automatically fails the fixed MCS test. So, we can define an applicability rule with these constraints.
Observation 1: It is possible to have an applicability rule between CQI reporting test and fixed MCS test under AWGN.
Based on above discussion, we outline below how to run the tests with those considerations in mind. Let’s assume that SNR requirement for fixed MCS test is set at Y dB SNR. There are three tests that need to be run for CQI reporting under AWGN condition:
1. Run a test to find median CQI at SNR = Y-X dB. This test can be run for the same duration as the existing CQI definition tests because only channel condition matters here and not the target BLER. Since it is static channel, there is no need to increase the test duration for determining median CQI.
2. Run a test with median CQI at SNR = Y dB to find UE BLER. This will either have 1e-5 or lower BLER or very high BLER.
3. Run a test with median CQI +1 or median CQI-1 at SNR = Y dB to find UE BLER. If test in step2 had 1e-5 or lower BLER, test in step 2 will be a long test and test in step 3 will be run for median CQI+1, which will have higher BLER and test duration will be small. Similarly, if test in step2 had higher BLER, test in step 2 will be a short test and test in step 3 will be run for median CQI-1, which will have 1e-5 or lower BLER and test duration will be long.  
In Table 1, we present the CQI reporting results for FDD 1x2 at SNR resolution of X = 0.5dB.
Table 1: CQI reporting for FDD 1x2 under static channel conditions
	SNR (dB)
	Median CQI
	% in Median CQI +/-1
	BLER with Median CQI-1
	BLER with Median CQI
	BLER with Median CQI+1

	-1.5
	7
	100
	8.36E-06
	7.80E-06
	1

	-1
	7
	100
	7.93E-06
	7.62E-06
	0.9999996

	-0.5
	8
	100
	8.77E-06
	0.51
	1

	0
	8
	100
	8.10E-06
	9.39E-06
	1

	0.5
	8
	100
	8.30E-06
	7.03E-06
	1

	1
	8
	100
	7.60E-06
	8.00E-06
	1

	1.5
	8
	100
	8.58E-06
	7.98E-06
	0.95

	2
	9
	100
	8.33E-06
	0.0056503
	1

	2.5
	9
	100
	7.63E-06
	1.38E-05
	1

	3
	9
	100
	7.33E-06
	7.79E-06
	1

	3.5
	10
	100
	8.82E-06
	0.74
	1



Based on above results, we notice that there is enough SNR difference between two CQIs that 0.5dB SNR difference to accommodate testability will not change the outcome of CQI reporting test. 
For example, let’s consider a test at CQI transition SNR point, say -0.5dB. In that case, step 1 in above process to find median CQI is run at -1dB, which results in median CQI of 7. Then, in step 2, we run the BLER simulation at -0.5dB with CQI = 7 and we will get the BLER of 8.77E-6. Then, in step 3, UE will be tested at -0.5dB with CQI = 8 and we will get the BLER of 0.51. Hence, UE will pass the test. If we would have run step 1 at -0.5dB itself, the outcome of the test would have been the same. In this whole process, we only had to run one long simulation which was at -0.5dB SNR with CQI = 7 and BLER was much smaller than 1e-5, so test duration will be reduced with early pass.
Therefore, we have the following observation. 
Observation 2: Only one long test needs to be run for testing CQI reporting under AWGN condition for 1e-5 BLER with 99.999% confidence level.
Observation 3: SNR required to transition to different CQIs have enough difference that 0.5dB SNR difference to accommodate testability will not change the outcome of CQI reporting test.
Observation 4: Similar to fixed MCS test for ultra-low BLER, long test duration for CQI reporting test can be reduced by using the same X dB relaxation as in fixed MCS test.
Proposal 2: Define CQI reporting test under AWGN condition with 99.999% confidence level and X = 0.5dB.
Proposal 3: Define an applicability rule between CQI reporting test and FMCS test under AWGN to reduce the number of tests as below:
· If UE shows < 1e-5 BLER at the same SNR for an MCS greater than or equal to MCS in fixed MCS test, UE automatically passes the fixed MCS test. 
· If UE shows > 1e-5 BLER at the same SNR for an MCS less than or equal to MCS in fixed MCS test, UE automatically fails the fixed MCS test.
In RAN5, pass/fail criteria has never been used for CQI reporting test cases. The reason is that existing CQI reporting tests are testing for 10% UE BLER, so the test duration is so small that there was no need to use early pass/fail criteria. However, in case of 1e-5 BLER, we think that it makes sense to use early pass/fail criteria to reduce the test time and methodology from fixed MCS tests can be easily applied to CQI reporting tests when running the test for BLER criteria. Therefore, we have following observations.
Observation 5: RAN5 never used early pass/fail criteria for CQI reporting tests because the test duration for existing CQI reporting tests is very small.
Observation 6: It is easy to apply early pass/fail criteria for CQI reporting tests when running the test for BLER criteria at median CQI and median+/-1 CQI similar to fixed MCS test cases.
As there is a lot of concern related to test time with URLLC CQI reporting test and UE can reach high CQIs of 8 or 9 at SNR of just 2-3dB, we don’t see any need to define two sets of SNR pairs. Therefore, we propose the following.
Proposal 4: Define URLLC CQI reporting tests for only one SNR pair.
3. Conclusions
This paper discusses the open issues for ultra-low BLER test cases. Following has been observed and proposed:
Proposal 1: Define a lower bound for median reported CQI in the CQI reporting tests for 99.999% reliability.
Observation 1: It is possible to have an applicability rule between CQI reporting test and fixed MCS test under AWGN.
Observation 2: Only one long test needs to be run for testing CQI reporting under AWGN condition for 1e-5 BLER with 99.999% confidence level.
Observation 3: SNR required to transition to different CQIs have enough difference that 0.5dB SNR difference to accommodate testability will not change the outcome of CQI reporting test.
Observation 4: Similar to fixed MCS test for ultra-low BLER, long test duration for CQI reporting test can be reduced by using the same X dB relaxation as in fixed MCS test.
Proposal 2: Define CQI reporting test under AWGN condition with 99.999% confidence level and X = 0.5dB.
Proposal 3: Define an applicability rule between CQI reporting test and FMCS test under AWGN to reduce the number of tests as below:
· If UE shows < 1e-5 BLER at the same SNR for an MCS greater than or equal to MCS in fixed MCS test, UE automatically passes the fixed MCS test. 
· If UE shows > 1e-5 BLER at the same SNR for an MCS less than or equal to MCS in fixed MCS test, UE automatically fails the fixed MCS test.
Observation 5: RAN5 never used early pass/fail criteria for CQI reporting tests because the test duration for existing CQI reporting tests is very small.
Observation 6: It is easy to apply early pass/fail criteria for CQI reporting tests when running the test for BLER criteria at median CQI and median+/-1 CQI similar to fixed MCS test cases.
Proposal 4: Define URLLC CQI reporting tests for only one SNR pair.
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