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

Agreement

· If feasible, define [1] test case to verify 10^-5 BLER

· Other test cases will be defined with higher BLER and/or confidence level 

· Test for 10^-5 BLER

· Target test Confidence level 

99.999%
According to the WF [1], a test case for PUSCH low BELR high confidence requirement will be introduced: 

· 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.
· 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

· These test cases will include PUSCH aggregation if that is not included in the low BLER/high reliability testing.

·  FFS PUSCH aggregation level

In this paper, based on the test methods discussion in [2], a test case for PUSCH demodulation requirements to verify 10^-5 is defined. Other test cases are defined with higher BLER and/or lower confidence level. 
2   Simulation assumptions 
2.1   Test case for 10^-5 BLER and 99.999% confidence level
Test methods has been discussed in [2], by using method 1, a test case to verify 10^-5 BLER and 99.999% confidence level is defined in this section. Parameters based on WF [1] is shown in table 2.1-1.

Table 2.1-1: simulation assumption for BS PUSCH test requirements
	Parameter
	Value

	Frequency range
	FR1

	Duplex mode
	FDD/TDD

	Transform precoding
	Enabled

	Number of Tx
	2

	Number of Rx
	2

	Antenna configuration
	ULA low

	PUSCH configuration
	Mapping type
	Type B

	
	Starting symbol (S) 
	0

	
	Length (L)
	4

	
	PUSCH aggregation factor
	1

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	Number of additional DMRS
	0

	Number of HARQ Processes
	1

	Propagation condition
	AWGN

	MCS Table
	Table 2, 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


As agreed from the last meeting, this test is a minimum test and the purpose of this test is to verify low BLER target.  Thus, we suggest to choose the typical SCS for FDD and TDD: 15 KHz SCS for FDD and 30 KHz SCS for TDD. In order to reduce the test time, 5 MHz bandwidth is configured for FDD, 10 MHz bandwidth is configured for TDD.  

To avoid the big changes on the specification, we would like to consider reuse the existing UL-DL ‘7D1S2U (S=6:4:4)’ configuration, which matches the practical deployment better in Rel-15/16 stage. 
Proposal 1: Using existing TDD pattern ‘7D1S2U (S=6:4:4)’ for SCS 30 KHz. 
Proposal 2: Only 15 KHz SCS is configured for FDD and only 30 KHz is configured for TDD. 
Proposal 3: 5 MHz bandwidth is used for TDD and 10 MHz bandwidth is used for TDD.
2.2   Test cases for higher BLER target and/or lower confidence level

A test case was required to be defined for 10^-5 BLER target and 99.999% confidence level with AWGN propagation condition. For fading channel, cases with HARQ and aggregation factor should be considered. In order to reduce the test time, higher BLER target and/or lower confidence level are considered.

Here, test cases defined in TS 38.104 for PUSCH demodulation requirements are reused, together with some settings in table 2.1-1, parameters for propagation configuration TDLB100-400 Low and TDLC300-100 Low are listed in table 2.2-1. Regarding to the aggregation factor, K= [2, 4, 8] are supported. Although BLER target and/or confidence level will be reset, the test time still need to be considered. The test will take long time if K=8. When K=2, the test takes the least time, but as we are defining requirements for high reliability, the reliable of the system should also be considered. Thus, we propose K=4. 

A higher BLER target should be considered for fading channel, for previous PUSCH requirements, BLER target 10^-1 was defined. A minimum test case to verify BLER target 10^-5 is defined in Section 2.1, we propose to use 10^-3 as the BLER target for fading channel.

Table 2.2-1: simulation assumption for BS PUSCH test requirements
	Parameter
	Value

	Frequency range
	FR1

	Duplex mode
	FDD/TDD

	Transform precoding
	Disabled

	Number of Tx
	2

	Number of Rx
	2

	Antenna configuration
	ULA low

	PUSCH configuration
	Mapping type
	Type B

	
	Starting symbol (S) 
	0

	
	Length (L)
	4

	
	PUSCH aggregation factor
	4

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	Number of additional DMRS
	0

	Number of HARQ Processes
	4

	Propagation condition
	TDLB100-400 Low

TDLC300-100 Low

	MCS Table
	Table 3, MCS 6

	SCS and BW
	FDD:15KHz, 10MHz

TDD:30KHz,40MHz

	Frequency domain resource
	Full BW

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

	Testing metric
	Target BLER:  10-3


Proposal 4: We propose to test TDLB100-400 and TDLC300-100.

Proposal 5: We propose to use lower BLER target of 10-3 when define other test cases.
Proposal 6: For test case TDLB100-400 and TDLC300-100, we propose PUSCH aggregation level is 4. 
3   Simulation results to verify BLER 10^-5
Simulation results for PUSCH demodulation performance to verify BLER 10^-5 with the help of method 1 are analysed in this section. 
3.1   FDD

With FDD SCS 15 KHz configuration, the BER vs SNR simulation result is shown in figure below:
Figure 3.1-1: BER vs SNR for PUSCH 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 SNR values when specific BLER for FDD
	BLER
	SNR (dB)

	Bad DUT 10^-3
	-5.15

	Good DUT 10^-6
	-4.3

	Test limit 10^-5
	-4.55


3.1.1   Simulation for bad DUTs （BLER=10^-3）
Based on the table 3.1-1, 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 3.1.1-1 number of errors vs number of samples for FDD bad DUTs
	Number of errors
	Number of samples when error happened
	Early fail limit 
(from table 2.1-1)

	1
	1233
	0

	2
	1806
	127

	3
	3288
	1694

	4
	4528
	6709

	5
	5209
	16148

	6
	6853
	30109

	7
	9561
	48314

	8
	9751
	70371

	9
	11153
	95890

	10
	11726
	124510

	11
	

12615
	155910

	12
	14637
	189820

	13
	14801
	226000

	14
	14961
	264250

	15
	16012
	304380

	…
	…
	…


From the table above, it can be found that the number of errors ≧ 4, 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 DUTs are failed at an early stage.
3.1.2   Simulation for good DUTs （BLER=10^-6）
Based on the table 3.1-1, 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 3.1.2-1 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
	561207
	NaN

	2
	1540123
	1074500

	3
	2849796
	1274700

	4
	3421974
	1444600

	5
	4962756
	1599100

	6
	6018741
	1743700

	7
	9845106
	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 2: In FDD mode, the good DUTs pass the test, passed DUTs achieve the low BLER target of 10^-5.
3.2   TDD
With TDD SCS 30 KHz configuration, the BER vs SNR simulation result is shown in figure below:
Figure 3.2-1: BER vs SNR for PUSCH for TDD when SCS=30 KHz
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From the figure above, the SNR values can be obtained for the target BLERs:
Table 3.2-1 SNR values when specific BLER for TDD
	BLER
	SNR

	Bad DUT 10^-3
	-5.09

	Good DUT 10^-6
	-4.08

	Test limit 10^-5
	-4.37


3.2.1   Simulation for bad DUTs （BLER=10^-3）
Based on the table 3.2-1, the bad DUTs (BLER=10^-3) with SNR=-5.09 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 3.2.1-1 number of errors vs number of samples for TDD bad DUTs
	Number of errors
	Number of samples when error happened
	Early fail limit 
(from table 2.1-1)

	1
	2359
	0

	2
	3370
	127

	3
	8749
	1694

	4
	10569
	6709

	5
	10580
	16148

	6
	20149
	30109

	7
	29030
	48314

	8
	30179
	70371

	9
	32259
	95890

	10
	39970
	124510

	11
	43629
	155910

	12
	46279
	189820

	13
	52789
	226000

	14
	62869
	264250

	15
	67609
	304380

	…
	…
	…


 From the table above, it can be found that 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 3: For bad DUTs (BLER=10^-3) with TDD mode, the DUTs are failed at an early stage.
3.2.2   Simulation for good DUTs （BLER=10^-6）
Based on the table 3.1-1, 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 3.2.2-1 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
	216609
	NaN

	2
	2267809
	1074500

	3
	4075869
	1274700

	4
	4864330
	1444600

	5
	5741953
	1599100

	6
	6019271
	1743700

	7
	6991149
	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 4: In TDD mode, the good DUTs pass the test, passed DUTs achieve the low BLER target of 10^-5.
4   Proposals
In this paper, the requirements for PUSCH demodulation performance are defined. Proposals are listed below:
Proposal 1: Using existing TDD pattern ‘7D1S2U (S=6:4:4)’ for SCS 30 KHz. 
Proposal 2: Only 15 KHz SCS is configured for FDD and only 30 KHz is configured for TDD. 
Proposal 3: 5 MHz bandwidth is used for TDD and 10 MHz bandwidth is used for TDD.

Proposal 4: We propose to test TDLB100-400 and TDLC300-100.

Proposal 5: We propose to use lower BLER target of 10-3 when define other test cases.
Proposal 6: For test case TDLB100-400 and TDLC300-100, we propose PUSCH aggregation level is 4. 
Observation 1: For bad DUTs (BLER=10^-3) with FDD mode, the DUTs are failed at an early stage.
Observation 2: In FDD mode, the good DUTs pass the test, passed DUTs achieve the low BLER target of 10^-5.
Observation 3: For bad DUTs (BLER=10^-3) with TDD mode, the DUTs are failed at an early stage.
Observation 4: In TDD mode, the good DUTs pass the test, passed DUTs achieve the low BLER target of 10^-5.
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