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1   Background
From #93 on-line discussion results, some agreements were made which are listed as following [1]:

Two methods were discussed online for the test methodology. The two methods are optimizations of the existing RAN5 framework:

1. SINR set to target 10^-5 BLER. RAN5 test methodology adapted so that pass/fail decision is evaluated every N error reports instead of every error report

2. SINR set to target BLER much lower than 10^-5. RAN5 test methodology re-used with early pass expected. Potentially allow for early pass even with zero error reports, after sufficient sub-frames observed.

· This kind of test is observing lack of error floor, not testing SNR vs BLER

3. Other optimizations not precluded as long as they are in line with the existing methodology.
The baseline parameters for method 1 and method 2 were also agreed:
Baseline parameters for methodology 1:

N (i.e. pass/fail criterion reported after observing N errors): [1, 10, 100]

M (Bad device factor): 1.5

Baseline parameters for methodology 2:

Targeted “real” BLER: [zero, 10^-7, 10^-6, 0,5*10^-5]

M (Bad device factor): 1.5

In this paper, a minimum test based on WF [2] is defined to analyse method 1 and method 2. The test time for marginal and non-marginal DUTs are considered.
2   Simulation assumptions
To analyse method 1 and method 2, a minimum test is defined according to the WF [2] as shown in table 2-1.
Table 2-1: simulation assumption for UE PDSCH test requirements
	Parameter
	Value

	Frequency range
	FR1

	Duplex mode
	FDD/TDD

	Number of Tx
	2

	Number of Rx
	2

	Antenna configuration
	ULA low

	PDSCH configuration
	Mapping type
	Type B

	
	Starting symbol (S) 
	2

	
	Length (L)
	4

	
	PUSCH aggregation factor
	1

	PDSCH DMRS configuration
	DMRS Type
	Type 1

	
	Number of additional DMRS
	0

	CSI-RS configuration
	PeriodicityAndOffset
	5 slots, 0 slots

	
	nrofPorts
	2

	
	frequencyDomainAllocation
	Row3, ‘000001

	
	firstOFDMSymbolInTimeDomain
	7

	
	cdm-Type
	CDM2

	
	Density
	1

	Number of HARQ Processes
	1

	Propagation condition
	AWGN

	MCS Table
	Table 3, MCS 5

	SCS and BW
	FDD:15KHz, 5MHz

TDD:30KHz,10MHz

	Frequency domain resource
	Full BW

	TDD pattern 
	7D1S2U (S=6:4:4)

	Testing metric
	Target BLER:  1-10-5


2.1   Method 1
For confidence level of 99.999%, using the statistical testing methodology provided in TS 36.521-1 and 34.121-1. The following two equations define the early pass and the early fail limit:

Early fail limit:
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Early pass limit:
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With 


ber: normalized BER/BLER.


D: 
wrong decision probability per test step.

Ne: number of error events.

M:
bad DUT factor.
The early fail/pass limits for 99.999% confidence level and 10^-5 BLER are shown in the figure below:

Figure 2.1-1 early fail/pass limits (CL=99.999%, BLER=10^-5)
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According to the WF [2], following configuration parameters were agreed:  
SINR set to target 10^-5 BLER. RAN5 test methodology adapted so that pass/fail decision is evaluated every N error reports instead of every error report.

Baseline parameters:

· N (i.e. pass/fail criterion reported after observing N errors): [1, 10, 100]

· M (Bad device factor): 1.5
The table 2.1-1 shows the early pass/fail limit when N=1:
Table 2.1-1 Early pass/fail limit when N=1
	Number of error
	Early pass
	Early fail

	0
	NaN
	NaN

	1
	1074500
	0

	2
	1274700
	127

	3
	1444600
	1694

	4
	1599100
	6709

	5
	1743700
	16148

	6
	1881100
	30109

	7
	2013200
	48314

	8
	2140900
	70371

	9
	2265100
	95890

	10
	2386300
	124510

	11
	2505000
	155910

	12
	2621400
	189820

	13
	2735800
	226000

	14
	2848600
	264250

	15
	2959700
	304380

	16
	3069500
	346240

	17
	3177900
	389690

	18
	3285200
	434620

	19
	3391400
	480910

	20
	3496700
	528480


The maximum number of error for N=1:

Table 2.1-2 the maximum number of error

	Number of error
	Stop sample number

	607
	49,513,000


2.2   Method 2
SNR set to target BLER much lower than 10^-5. RAN5 test methodology re-used with early pass expected. Potentially allow for early pass even with zero error reports, after sufficient sub-frames observed. (This kind of test is observing lack of error floor, not testing SNR vs BLER)
Baseline parameters:
· Targeted “real” BLER: [zero, 10^-7, 10^-6, 0,5*10^-5]

· M (Bad device factor): 1.5
3   Simulation results
3.1   Method 1
3.1.1   FDD
With FDD SCS 15 KHz configuration, the BER vs SNR simulation result is shown in figure 3.1-1:
Figure 3.1.1-1: BER vs SNR for PDSCH for FDD when SCS=15 KHz
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From the figure above, the SNR values can be obtained for the target BLERs:
Table 3.1.1-1 SNR values when specific BLER for FDD
	BLER
	SNR (dB)

	Bad DUT 10^-3
	-5.13

	Good DUT 10^-6
	-4.3

	Test limit 10^-5
	-4.45


3.1.1.1   Simulation for bad DUTs （BLER=10^-3）
Based on the table 3.1.1-1, the bad DUTs (BLER=10^-3) with SNR=-5.13 dB is simulated for the bad DUTs and the number of samples are captured when error happened. In the following table, column 1 presents the number of errors, column 2 presents the number of samples when error happened, column 3 presents the early fail limit which is copied from table 2.1-1.

Table 3.1.1.1-1 number of errors vs number of samples for bad DUTs
	Number of errors
	Number of samples when error happened
	Early fail limit 
(from table 2.1-1)

	1
	8135
	0

	2
	10545
	127

	3
	10672
	1694

	4
	12481
	6709

	5
	14039
	16148

	6
	16048
	30109

	7
	17219
	48314

	8
	20841
	70371

	9
	21970
	95890

	10
	22192
	124510

	11
	22380
	155910

	12
	23109
	189820

	13
	24468
	226000

	14
	24472
	264250

	15
	26190
	304380

	…
	…
	…


From the table above, it can be found that when the number of errors ≧ 5, the number of samples is larger than the early fail limit. Thus, after sufficient number of errors are captures (maybe ne=7), the test can be stopped.  
Observation 1: For bad DUTs (BLER=10^-3) with FDD mode, the test can be stopped when ne=7. 
	Number of errors
	Number of samples when error happened
	Test time

	7
	17219
	17.219s


Observation 2: the test time is short for bad DUTs with FDD mode.
3.1.1.2   Simulation for good DUTs （BLER=10^-6）
Based on the table 3.1.1-1, the good DUTs (BLER=10^-6) with SNR=-4.3 dB is simulated for good DUTs and the number of samples are captured when error happened. In the following table, column 1 presents the number of errors, column 2 presents the number of samples when error happened, column 3 presents the early pass limit which is copied from table 2.1-1.

Table 3.1.1.2-1 number of errors vs number of samples for good DUTs
	Number of errors
	Number of samples when error happened
	Early pass limit
(from table 2.1-1)

	1
	855686
	NaN

	2
	1848235
	1074500

	3
	3462897
	1274700

	4
	5620447
	1444600

	5
	5838066
	1599100

	6
	7013249
	1743700

	7
	7951437
	1881100

	…
	…
	…


From the table above, it can be found that for good DUTs, all the values in column 2 are larger than the values in column 3 except the early pass limit for 1 error is not applicable. Due to M=1.5, there are some falsely passed DUTs. But after sufficient errors happens, the test can be stopped at a very early stage. 
Observation 3: For good DUTs (BLER=10^-6) with FDD mode, the test can be stopped when ne=7.
	Number of errors
	Number of samples when error happened
	Test time

	7
	7951437
	2.21 hours


Observation 4: For good DUTs (BLER=10^-6) with FDD mode, the test time is 2.21 hours.
3.1.2   TDD

With TDD SCS 30 KHz configuration, the BER vs SNR simulation result is shown in figure below:
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From the figure above, the SNR values can be obtained for the target BLERs:

Table 3.1.2-1 SNR values when specific BLER for TDD
	BLER
	SNR

	Bad DUT 10^-3
	-5.15

	Good DUT 10^-6
	-4.3

	Test limit 10^-5
	-4.55


3.1.2.1   Simulation for bad DUTs （BLER=10^-3）
Based on the table 3.1.2-1, the bad DUTs (BLER=10^-3) with SNR=-5.15 dB is simulated for the bad DUTs and the number of samples are captured when error happened. In the following table, column 1 presents the number of errors, column 2 presents the number of samples when error happened, column 3 presents the early fail limit which is copied from table 2.1-1.

Table 3.1.2.1-1 number of errors vs number of samples for bad DUTs
	Number of errors
	Number of samples when error happened
	Early fail limit 
(from table 2.1-1)

	1
	5814
	0

	2
	6028
	127

	3
	90164
	1694

	4
	11283
	6709

	5
	13302
	16148

	6
	14608
	30109

	7
	15990
	48314

	8
	17708
	70371

	9
	18031
	95890

	10
	18977
	124510

	11
	19963
	155910

	12
	20039
	189820

	13
	21405
	226000

	14
	22001
	264250

	15
	24558
	304380

	…
	…
	…


From the table above, it can be found that when the number of errors ≧ 5, the number of samples is larger than the early fail limit. Thus, after sufficient number of errors are captures (maybe ne=7), the test can be stopped.  
Observation 5: For bad DUTs (BLER=10^-3) with TDD mode, the test can be stopped when ne=7.

	Number of errors
	Number of samples when error happened
	Test time

	7
	15990
	8s


Observation 6: the test time is short for bad DUTs with TDD mode.

3.1.2.2   Simulation for good DUTs （BLER=10^-6）
Based on the table 3.1.2-1, the good DUTs (BLER=10^-6) with SNR=-4.3 dB is simulated for good DUTs and the number of samples are captured when error happened. In the following table, column 1 presents the number of errors, column 2 presents the number of samples when error happened, column 3 presents the early pass limit which is copied from table 2.1-1.

Table 3.1.2.2-1 number of errors vs number of samples for good DUTs
	Number of errors
	Number of samples when error happened
	Early pass limit
(from table 2.1-1)

	1
	309864
	NaN

	2
	2210031
	1074500

	3
	3516484
	1274700

	4
	5873117
	1444600

	5
	6269965
	1599100

	6
	6971489
	1743700

	7
	7358471
	1881100

	8
	9048712
	2013200

	…
	…
	…


From the table above, it can be found that for good DUTs, all the values in column 2 are larger than the values in column 3 except the early pass limit for 1 error is not applicable. Due to M=1.5, there are some falsely passed DUTs. But after sufficient errors happens, the test can be stopped at a very early stage. 

Observation 7: For good DUTs (BLER=10^-6) with TDD mode, the test can be stopped when ne=7.

	Number of errors
	Number of samples when error happened
	Test time

	7
	7358471
	1.02 hours


Observation 8: For good DUTs (BLER=10^-6) with FDD mode, the test time is 1.02 hours.
The simulation results for TDD and FDD show that the test can be stopped at a very early stage for bad DUTs and good DUTs. Method 1 is effectively shorten the test time for non-marginal DUTs.
Observation 9: As for non-marginal DUTs, the test can be stopped at a very early stage (e.g. ne=7), we propose N=1.

Observation 10: Method 1 is effectively shorten the test time for non-marginal DUTs
Proposal 1: The pass/fail criterion reports results after observing every error, N=1.
3.1.3   Marginal DUTs

For marginal DUTs, as they are very hard to reach the early pass/fail limits, the long test will be applied until sufficient errors are obtained (maybe ne=100).

Observation 11: For marginal DUTs, the long test is still needed.
3.2   Method 2
For method 2, the boosted SNR is set to 1 and the number of 10^8 samples were simulated, zero BLER was obtained. Using method 2 can prove there is no error floor, not testing SNR vs BLER.
Proposal 2: We prefer to use Method 1 to test the high reliability. 
4    Proposals
In this paper, following are proposed:  
Observation 1: For bad DUTs (BLER=10^-3) with FDD mode, the test can be stopped when ne=7.
Observation 2: the test time is short for bad DUTs with FDD mode.
Observation 3: For good DUTs (BLER=10^-6) with FDD mode, the test can be stopped when ne=7.

Observation 4: For good DUTs (BLER=10^-6) with FDD mode, the test time is 2.21 hours.
Observation 5: For bad DUTs (BLER=10^-3) with TDD mode, the test can be stopped when ne=7.
Observation 6: the test time is short for bad DUTs with TDD mode.
Observation 7: For good DUTs (BLER=10^-6) with TDD mode, the test can be stopped when ne=7.

Observation 8: For good DUTs (BLER=10^-6) with FDD mode, the test time is 1.02 hours.

Observation 9: As for non-marginal DUTs, the test can be stopped at a very early stage (e.g. ne=7), we propose N=1.

Observation 10: Method 1 is effectively shorten the test time for non-marginal DUTs
Observation 11: For marginal DUTs, the long test is still needed.
Proposal 1: The pass/fail criterion reports results after observing every error, N=1.

Proposal 2: We prefer to use Method 1 to test the high reliability. 
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