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1 Introduction

During RAN4#93, it was agreed that a test would be created based on BLER 10^-5 with confidence level 99.999%. In addition to this requirement and test, further demodulation requirements relating to URLLC features will be created, but these feature related requirements will be defined at higher BLER and/or higher confidence level.
This paper considers the 10^-5 BLER / 99.999% CL requirement in more detail. Testing of the requirement will in principle be based on the statistical method defined in RAN5. To avoid unreasonable test durations, two methods for achieving manageable test time were discussed at RAN4#93. The methods are reviewed in this paper, following which the test duration associated with each of the methods is examined.
2 Discussion

2.1 Overview of statistical testing methodology

To measure BLER, PDSCH/PUSCH code blocks are continuously transmitted to the device under test and decoded. The number of successful and unsuccessfully decoded code blocks is noted such that the BLER can be calculated.

According to the RAN5 method, each time a block error is detected, the BLER is evaluated. “Early pass” and “Early fail” BLER criteria are defined. The early pass/fail criteria depend on the number of detected block errors and the targeted confidence level. If the BLER is below the early pass criterion for the experienced number of errors, then pass is declared, and the test can terminate. If the BLER is above the early fail BLER criterion for the experienced number of errors, then fail is declared, and the test can terminate. If the BLER is neither above the early pass criterion nor below the early fail criterion then the test is continued, and the pass/fail re-evaluated on the next occasion that a block error is experienced.
The early pass criterion is defined as follows:
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The early fail criterion is defined as follows:
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Where:

ber (normalized BER,BLER): BER,BLER divided by Test requirement

D: wrong decision probability for a test step. 

ne: Number of error events

M: bad DUT factor, usually 1.5
qchisq: inverse cumulative chi squared distribution

The higher the targeted confidence level, the lower will be early pass and higher the early fail BLER criteria. Hence the the chances of early pass/fail reduce, and testing takes longer with an increased CL.
The relation between the per step decision risk and the confidence level is established by simulation. The confidence level is proportional to the per step decision risk, but in a non-trivial manner.

For the RAN5 method, it is assumed that the early pass/fail is evaluated every time a block error is encountered. However, it is possible to instead evaluate the early pass/fail only once every N block error events (i.e. evaluate early pass/fail less frequently). If the early pass/fail is evaluated less frequently, then the per step decision risk associated with the targeted confidence level increases, which in turn can lead to a reduced test duration. The per step decision risk can increase because there are fewer decisions, and thus the overall impact of decision risk to the confidence level is reduced. Section 2.3 provides an insight into the impact of changing the pass/fail decision frequency on the test time.

If the device under test achieves a BLER that is less than the target BLER, then the likelihood of an early pass increases, and test time reduces. One possibility to reduce the time needed to establish that the device supports ultra-low BLER operation is to deliberately apply a higher SINR than is needed to achieve the BLER target. In this case, the test establishes that the device does not present an error floor but does not test the performance of the demodulation algorithms. Section 2.4 presents further results considering the test times achievable if the SINR is boosted such that the actually achieved BLER is below the target.
2.2 Simulation of confidence level and test time

The relationship between confidence level, per step decision risk and test time can be established by means of simulation, as described in [1]. Unfortunately, the simulations consume a lot of time when simulating for ultra-low BLER. To reduce the simulation time, it may be possible to simulate with a higher BLER target and extrapolate the results to those expected for a lower BLER target. To test this extrapolation, simulations were run for 95% and 99.5% confidence level for BLER from 0.1 to 10^-5, applying the same per step decision risk for each BLER level. In the simulations, the actual device BLER was set to be the same as the BLER target. Figure 1 indicates the confidence level vs BLER obtained from the simulations. The figure shows that the confidence level is relatively independent of the BLER target.
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Figure 1: Achieved confidence level vs BLER target (for same per step decision risk) for (left) target 95% CL (right) target 99.5% CL
Figure 2 depicts the mean test time per device vs the BLER. The figure indicates that the test time scales with the BLER target.
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Figure 2: Average device test time (in slots) vs BLER target (for same per step decision risk) for (left) target 95% CL (right) target 99.5% CL
Figure 3 depicts the longest encountered device test time during the simulation (i.e. the device amongst the total population of simulated devices that had the latest pass/fail decision) vs BLER. Again, the longest encountered test time scales with the BLER target.
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Figure 3: Longest observed device test time (in slots) vs BLER target (for same per step decision risk) for (left) target 95% CL (right) target 99.5% CL
From the above simulations, we conclude that to circumvent the need for long simulation times, it is reasonable to simulate with a BLER target and device BLER of 10% or 1% and then extrapolate the test time results to predict the expected test time with 10^-5 BLER.

2.3 Simulation of early pass/fail decision frequency vs test time

As discussed in section 2.1, one of the methods available to reduce test time is to perform early pass/fail decisions for every N encountered block errors, instead of every time an error is encountered. This enables an increased per step decision risk, which reduces test time.

To evaluate the impact to test time of N, simulations were performed to compare N=1, 10 and 100.

Three metrics for test time were evaluated:

· The maximum theoretical per device test time according to the per step decision risk

· The longest per device test time encountered during the simulation

· The mean per device test time encountered during the simulation

For simulation purposes, the BLER target and the device BLER was set to 10%. As explained in section 2.2, running with a higher BLER target enables a reduction in simulation time, and the results can be extrapolated to 10^-5 and 10^-6 BLER.

Figure 4 shows the basic results obtained with BLER 10%. The figure shows 3 curves:
· Mean number of slots represents the number of slots required on average to early pass/fail a DUT

· Longest number of slots represents the longest test time (in slots) encountered during the simulation

· Theoretical longest slots, which is a calculated test time (in slots) based on the BLER and the number of errors for which the early pass/fail curves intersect (according to the RAN5 methodology).
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Figure 4: Impact of N (step size of number of errors for early pass/fail check) on number of slots required for testing to 99.999% CL (BLER target 10%)
From the figure, it can be observed that with increasing step size, the theoretical test time decreases. This is due to the fact that the per step decision risk can be increased, since the decision frequency reduces with an increasing N.

Observation 1: Evaluating the pass/fail only after each N errors reduces the theoretical maximum test time, but does not appear to reduce the mean or longest test time in practice.
The mean and the longest number of slots observed during the simulation does not change significantly with the step size N (The numbers drop slightly when going from N=1 to N=10, but then increase again for N=100). The explanation behind this is that in many cases, the granularity of the step size N forces the early pass/fail check to be done for a larger number of errors than would be the case if N would be 1. This counteracts the impact of the increased per step decision risk.

Figure 5 shows the results extrapolated to BLER 10^-5.
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Figure 4: Impact of N (step size of number of errors for early pass/fail check) on number of slots required for testing to 99.999% CL (results extrapolated to BLER target 10^-5)
The figure suggests that on average 10 million and worst case 40 million slots need to be observed. For FDD, this is on average 2.75 hours and worst case 11 hours of test time. For TDD, assuming that the numbers roughly double then they are 5.5 average or 22 hours worst case. If slot aggregation would be applied, the numbers would increase further.
Observation 2: Raw test time (i.e. just the time taken to transmit the total number of needed slots) is in the order of hours on average, or 10-20 hours longest.
When considering test time, it is important to consider that the above figures are raw test time. As discussed previously in RAN4, the test time may need to be broken up to enable resynchronization, device cooling etc. and so would in reality be some factor longer.

Observation 3: Actual time needed for testing will be some factor larger than raw test time.
2.4 Simulation of early pass/fail decision frequency vs actual device BLER
As discussed in section 2.1, another method to manage test time is to increase the test condition SNR such that the actually achieved BLER is less than the BLER target. Depending on the actual BLER, the probability of an early pass increases. If the SNR is increased, then the requirement and test move from being a traditional demodulation test, which sets a minimum requirement on BLER/throughput vs SNR to an error floor test, which establishes with high confidence that the device does not present an error floor. For this reason, if an error floor test is defined in this manner the specification should also contain additional traditional demodulation requirements defined at a higher BLER and/or lower confidence level.
Observation 4: If the SINR is biased for the error floor test, then it is essential to define other demodulation requirements to verify demodulation performance at higher BLER and/or lower confidence level.
To investigate the impact of a reduced BLER compared to the target, a simulation was performed with a BLER target 10^-5, CL 99.999% and real BLER 10^-6. Due to the long run-time of the simulation, only around 1500 devices could be simulated.

The mean test time was observed to be 2.73 million slots and longest observed 9.7 million slots. This equates to mean 45 minutes and 2.7 hours worst case test time.

For lower real BLER than 10^-6, in general sufficient slots will be observed to be confident that the BLER is below the target of 10^-5 before an error is encountered. As was discussed in [2], if 1.15 million slots are observed to be error free, then the BLER is below the 10^-5 limit with 99.999% confidence. This relates to a test time of 20 minutes for FDD or 40 minutes for TDD.
Observation 5: Biasing the SINR to get lower BLER can reduce the expected test time to hours or tens of minutes.
3 Proposal for test parameters
Apart from the SINR biasing, there is a need to agree test parameters for the error floor test. The following test parameters are proposed:

	Parameter
	Value

	Transform precoding
	Disabled

	Subcarrier spacing
	15kHz, 30kHz

	Channel 
	No channel (i.e. AWGN)

	Default TDD UL-DL pattern
	15 kHz SCS:

3D1S1U, S=10D:2G:2U

30 kHz SCS:

7D1S2U, S=6D:4G:4U

	№ of Tx antennas
	1

	№ of Rx antennas
	2

	No of users
	Single user

	№ of UL scheduled layers
	1

	MCS
	G-FR1-A3-8

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}

	
	DM-RS sequence generation
	NID0=0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full test bandwidth

	
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	Target BLER
	< 10^-5

	Confidence Level
	99.999%

	Geometry (BLER/SNR)
	Sufficient to ensure confidence level achieved within a short test time (actual error rate may be significantly less than 10^-5)


Table 1: Proposed test parameters for error floor test for FR1

	Parameter
	Value

	Transform precoding
	Disabled

	Subcarrier spacing
	60kHz, 120kHz

	Channel model
	No channel (i.e. AWGN)

	Default TDD UL-DL pattern
	60 kHz and 120kHz SCS:

3D1S1U, S=10D:2G:2U

	№ of Tx antennas
	1

	№ of Rx antennas
	2

	No of users
	Single user

	№ of UL scheduled layers
	1

	MCS
	G-FR2-A3-1

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}

	
	DM-RS sequence generation
	NID0=0

	PT-RS
	OFF

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full test bandwidth

	
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	Target BLER
	< 10^-5

	Confidence Level
	99.999%

	Geometry (BLER/SNR)
	Sufficient to ensure confidence level achieved within a short test time (actual error rate may be significantly less than 10^-5)


Table 1: Proposed test parameters for error floor test for FR2

4 Conclusion

This contribution has presented simulations and considerations on the test time for the error floor test. If the 10^-5 BLER is tested with CL 99.999% then the test time is in the order of hours or tens of hours, which will scale when practical considerations are taken into account. Decreasing the frequency with which pass/fail are evaluated can theoretically reduce the time but may not do so in practice.
If the SINR is biased so that the actual BLER is lower than the target, test time can be reduced very significantly. It should be noted that the “boost” in SNR is not large. Based on previous simulation results, an increase of around 0.5-1dB in SNR from the level needed to achieve an error rate in the range 10^-6 to 10^-7.
Considering that test time can be reduced considerably if the underlying error rate is low, and that separate tests will be devised to cover algorithm performance, we propose to consider using increased SINR for the error floor test.
Proposal 1: For the error floor test, use sufficient SINR to ensure a BLER well below target (potentially even zero BLER) and hence avoid long test time.

Proposal 2: Adopt the test parameters proposed in section 3
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