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Introduction
In the previous RAN4 meeting way forward on parameters and test methodology for URLLC ultra-low BLER test was approved [1]. In this paper we provide our view on remaining open issues.
Discussion
[bookmark: _Ref40376560]Test methodology
In the previous RAN4 meeting, the following agreements were reached with respect to test methodology
	· [bookmark: _Hlk36804612]Value for X
· X value as [1] dB for BS requirements 
· X value as [0.5] dB for UE requirements 
· How to capture X in the specification
· Option 1: Do not capture in specifications; include directly into core spec requirement by assuming part of IM
· Option 2: Capture as part of TT in the conformance specification
· Option 3: Do not capture in specifications, X is not part of IM


In this section we provide PDSCH and PUSCH performance analysis to understand which real BLER will be considered during the test in case X value is equal to 0.5 dB for PDSCH and 1.0 dB for PUSCH and, as result, which testing time can be potentially expected. 
In Figure 1 we provide the results for simulation assumptions listed in Table 1. Also, summary of simulation results with SNR values for different BLER values is presented in Table 2.
[bookmark: _Ref40349212]Table 1. Simulation assumptions for Ultra-low BLER tests
	
	PDSCH
	PUSCH

	CBW/SCS
	10 MHz, 15 kHz
	10 MHz, 15 kHz

	PDSCH mapping
	Type A mapping, start symbol 2, duration 12
	Type A mapping, start symbol 0, duration 14

	DMRS configuration
	Type 1, Single Symbol, 1 additional DMRS
	Type 1, Single Symbol, 1 additional DMRS

	Propagation conditions and antenna configuration
	AWGN with 1x2 and 1x4
	AWGN with 1x2



	PDSCH performance

	PUSCH performance


	[bookmark: _Ref40014943]Figure 1. PDSCH and PUSCH URLLC performance.



[bookmark: _Ref40349992]Table 2. Summary of simulation results for different BLER
	BLER
	PDSCH, 2 Rx
	PDSCH, 4 Rx
	PUSCH

	10-5
	-0.3
	-2.6
	-8.4

	10-6
	-0.1
	-2.4
	-8.2

	10-7
	0.1
	-2.2
	-7.8


From these results we can observe that using X = 0.5 dB for PDSCH will lead to testing on BLER 10-7. Based on [2], average testing time in case target BLER is equal to 10-7 will be rather close to minimum testing time (i.e. 0.3 hrs for 15 kHz and 0.14 hrs for 30 kHz instead of 3.2 hrs and 1.6 hrs for target BLER 10-5). Similar conclusion, we can make for using of X = 1.0 dB for PUSCH testing (i.e. average test time will be close to minimum test time). Therefore, we would like to confirm using of X = 0.5 dB for PDSCH requirements and X = 1 dB for PUSCH requirements.
Proposal 1:	Define URLLC requirements with ultra-low BLER for SNR = SNR for 10-5 + IM + X, where X = 0.5 dB for PDSCH and X = 1.0 dB for PUSCH requirements.
FR1 UE requirements for ultra-low BLER
In the previous RAN4 meeting, the following agreements were reached with respect to UE requirements design for ultra-low BLER:
	· No slot aggregation for the ultra-low BLER requirement
· UE DM-RS configuration is 1+1. Reconfirm or revise this decision in case the decision for DM-RS configuration for the slot aggregation requirement differs.
· Further investigate and confirm UE MCS. MCS13 is baseline but a different MCS could be agreed if better.
· Create CQI requirements for ultra-low BLER
· First focused on evaluation the feasibility from test aspect and applicability rules before we decide whether introducing test cases or not.


MCS and Rank
From Table 2 we can observe that SNR operating point for MCS13 and ideal results is -0.3 dB for 2 Rx and -2.6 dB for 4Rx. Taking into account that IM = 0.5 and X = 0.5 will be added to impairments results to derive final SNR values, requirements potentially will be defined for ~2dB for 2 Rx and ~0 dB for 4 Rx. Such values are acceptable for UE requirements definition. Therefore, we suggest to use MCS13 for ultra-low BLER PDSCH requirements
Proposal 2:	Use MCS 13 for definition of URLLC PDSCH requirements with Ultra-low BLER.

CQI test for Ultra-low BLER
As a part of test feasibility analysis, methodology with early termination was considered. Based on TS 38.521-4, this methodology is only applicable to requirements with fixed MCS. Same time, another methodology with fixed test duration is considered for CQI requirements and the following steps/procedure is considered for verification of CQI Table 2 with BLER 0.1:
1. Set SNR equal the first of SNR from Test 1 (first set of SNR values)
2. Median CQI search: Collect 2000 wideband CQI reports
3. BLER calculation for Median CQI: Transmit PDSCH until the number of filtered ACK+NACK responses reaches 1000.
4. BLER calculation for Median CQI+1 or Median CQI-1: Transmit PDSCH until the number of filtered ACK+NACK responses reaches 1000.
5. If UE pass requirements for the first SNR from Test 1 (set in step 1) then SNR is changed by first SNR from Test 2 (second set of SNR values) and test is executed for new SNR value.
6. If UE fail requirements for the first SNR from Test 1 then SNR is changed by second SNR from Test 1 and test is executed for new SNR value.
Based on such procedure, we can conclude that minimum test time for CQI Table 2 is equal to 2000*5 + 1000*2 + 1000*2 = 14000 ms (for 15 kHz) and maximum test time is equal to 2000*5 + (1000*2 + 1000*2)*2 = 18000 ms (for 15 kHz). If we will consider CQI testing for CQI Table 3 with BLER 10^-5 then at least testing time for BLER calculation should be increased by 10^4 (i.e. keep collection of 2000 reports for median CQI search). In Table 3 we provide our estimation on CQI Table 3 testing time for ultra-low BLER.
[bookmark: _Ref40374526]Table 3. Testing time for CQI requirements with ultra-low BLER
	
	Minimum Test Time, [hrs]
	Maximum Test Time, [hrs]

	15 kHz
	11.1 
	22.2

	30 kHz
	5.6
	11.1


Based on our analysis from [2] and assuming that fixed MCS requirements will be tested on target BLER 10-7, testing time for fixed MCS will be around 0.3 hrs for 15 kHz and 0.14 hrs for 30 kHz, which is much lower than for CQI test.
[bookmark: _GoBack]Based on our observations above, we suggest not to consider CQI requirements for ultra-low BLER verification.
Proposal 3:	Do not define URLLC CQI requirements for ultra-low BLER.
Antenna configuration
In RAN4 94-e meeting [3], it was agreed to use 2x2 and 2x4 antenna configurations for PDSCH ultra-low BLER requirements. Same time, 1x2 and 1x4 antenna configurations are usually used for scenarios with static propagation conditions and Rank 1 transmission to avoid any issue with using of certain precoder matrixes which lead to zeroing of receive signal on one of antenna elements. Therefore, we suggest to define PDSCH ultra-low BLER requirements for antenna configurations 1x2 and 1x4 to avoid additional clarification (i.e. excluding of certain precoders) in case requirements will be defined for 2x2 and 2x4 antenna configuration.
Proposal 4:	Define URLLC PDSCH ultra-low BLER requirements for antenna configurations 1x2 and 1x4.
FR1 BS requirements for ultra-low BLER
In the previous RAN4 meeting, the following agreements were reached with respect to BS requirements design for ultra-low BLER:
	· No slot aggregation for the ultra-low BLER requirement
· CP-OFDM waveform only
· BS DM-RS configuration is 1+1. Reconfirm or revise this decision in case the decision for DM-RS configuration for the slot aggregation requirement differs.
· PUSCH bandwidth and number of RB
· Same as agreed for the slot aggregation (high BLER) requirement
· BS TDD pattern
· Option 1: 3D1S1U (S=10:2:2) for 15 KHz, 7D1S2U (S=6:4:4) for 30 KHz
· Option 2: DSUU


TDD pattern
Test time is one of critical aspects of requirements with ultra-low BLER and it depends on number of slots with PUSCH. In the previous meeting it was tentatively agreed that SNR will be defined as SNR for 10-5 plus 1 dB shift. Based on our analysis from Section 2.1, we can observe that such SNR shift will lead to testing for target BLER lower than 10-7 and test time will be rather close to minimum test time (i.e. 0.27 hrs for 15 kHz and 0.14 hrs for 30 kHz in case of FDD). In Table 4 we provide estimations on average testing time for FDD and TDD modes and different UL/DL patterns.
[bookmark: _Ref40376784]Table 4. PUSCH testing time for different scenarios.
	SCS
	Testing time, [hrs]

	
	FDD
	TDD
(DSUU pattern)
	TDD
(3D1S1U and 7D1S2U patterns)

	15 kHz
	0.27
	0.55
	1.36

	30 kHz
	0.14
	0.27
	0.68


From this analysis we can observe that testing time is rather acceptable for TDD with baseline NR patterns (i.e. 3D1S1U and 7D1S2U) in case requirements will be defined with SNR shift (X) 1 dB.
Proposal 5:	Use baseline TDD patterns (3D1S1U and 7D1S2U) for PUSCH requirements with ultra-low BLER in case SNR shift (i.e. X) is equal to 1 dB.
Conclusion
In this paper we provided view on test methodology and requirements setup for ultra-low BLER testing and made the following proposals:
Proposal 1:	Define URLLC requirements with ultra-low BLER for SNR = SNR for 10-5 + IM + X, where X = 0.5 dB for PDSCH and X = 1.0 dB for PUSCH requirements.
Proposal 2:	Use MCS 13 for definition of URLLC PDSCH requirements with Ultra-low BLER.
Proposal 3:	Do not define URLLC CQI requirements for ultra-low BLER.
Proposal 4:	Define URLLC PDSCH ultra-low BLER requirements for antenna configurations 1x2 and 1x4.
Proposal 5:	Use baseline TDD patterns (3D1S1U and 7D1S2U) for PUSCH requirements with ultra-low BLER in case SNR shift (i.e. X) is equal to 1 dB.
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