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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
Test methodology
In the previous RAN4 meeting, the following agreements were reached with respect to test methodology
	· [bookmark: _Hlk36804612]Decision frequency (N) is 1 (i.e. early pass/fail evaluation on every detected block error)
· Reformulate the discussion as follows:
· Test requirement = SNR for 10^-5 + IM + [X]
· X is FFS and could be zero
· FFS whether X appears in the core spec or test spec, or is just considered part of IM


In our paper from previous RAN4 meeting [2] we showed that if real BLER, for which requirements will be defined, will be reduced from 10-5 to 10-6 then average test time will be rather close to minimum test time due to early termination. Therefore, we suggest to define X as SNR difference between 10-5 and 10-6.
For our analysis we consider the following assumptions:
· PDSCH
· FDD
· MCS 13
· Type A mapping, start symbol 2, duration 12
· DMRS configuration: 1 additional DMRS
· AWGN with 1x2 and 1x4
	
	

	Figure 1. PDSCH URLLC performance.


From these results we can observe that SNR difference between 10-5 and 10-6 is 0.4 dB for 2 Rx and 0.3 dB for 4 Rx. Therefore, we suggest to use X = 0.5 dB for URLLC requirements definition with ultra-low BLER.
Proposal 1:	Define URLLC requirements with ultra-low BLER for SNR = 10-5 + IM + X, where X = -0.5 dB.
FR2 requirements for ultra-low BLER
In the previous RAN4 meeting, the following agreements were reached on FR2 requirements for ultra-low BLER:
	· Requirements and tests for FR2:
· Option 1: Create requirements for FR2. No explicit applicability rule needed.
· Option 2: Create requirements for FR2 with applicability rule Proponents of option 2 please clarify what applicability rule you propose
· Option 3: Do not create requirements for FR2


One of controversial topic of requirements for ultra-low BLER is testing time. However, taking into account that FR2 requirements can be defined for lower SCS in comparison to FR1, testing time can be significantly reduced. Also, we would like to note that in comparison to FR1, FR2 testing contains environment setup stage for OTA testing (for example, beam peak search in DL requirements) which may take sufficient time. Based on our understanding, duration of this preparation stage does not depend on target BLER and will be same for all requirements. Therefore, total testing time for ultra-low BLER should be not so larger than for regular BLER point. Same time, it is rather beneficial to verify that devices operating in FR2 range can reach ultra-low BLER.
Proposal 2:	Define FR2 PDSCH and PUSCH requirements for ultra-low BLER with 120 kHz SCS.
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:
	· SCS for UE: 15kHz for FDD, 30kHz for TDD
· TDD pattern: 7D1S2U (S=6:4:4) for UE
· Antenna configuration for UE: 2x2 + 2x4 (2x4 agreed in 2nd round) ULA low with applicability rule
· Full bandwidth for 10MHz/15k SCS and 40MHz/30Kscs
· PDSCH configuration: Mapping type A, start symbol 2, length 12 symbols
· MCS table: Use low spectrum efficiency MCS
· DM-RS configuration for PDSCH
· Option 1: Zero additional DM-RS
· Option 2: One additional DM-RS
· CQI testing at ultra-low BLER
· Option 1: Define CQI testing with ultra-low BLER
· Option 2: Do not define CQI testing with ultra-low BLER


MCS and Rank
In Figure 1 we provide results for following scenarios
· DMRS configuration: 1 additional DMRS
· Rank 1
· MCS 5, 9, 13. 
· Number of Rx antenna: 2 and 4
	
	

	[bookmark: _Ref37404134]Figure 2. PDSCH performance for different MCS.


From these results we can observe that SNR operating point is: 
· MCS 5: -7 dB for 2 Rx and -8.5 dB for 4Rx
· MCS 9: -4 dB for 2 Rx and -6 dB for 4Rx
· MCS 13: 0 dB for 2 Rx and -2.5 dB for 4Rx
Based on these results, we can conclude that SNR operation point for MCS 5 and MCS 9 is too low for definition of PDSCH requirements, because side conditions for RRM requirements is -6 dB and some RRM-related issues can be observed during the test. Also, PDSCH performance can be limited by PDCCH performance. Therefore, to avoid any issue during the test, we suggest to use MCS 13.
Proposal 3:	Use Rank 1 and MCS 13 for definition of URLLC PDSCH requirements with Ultra-low BLER.

DMRS configuration
From the previous meeting we have two options of DMRS configuration:
· Option 1: Zero additional DM-RS
· Option 2: One additional DM-RS
In Figure 3 we provide simulation results for different DMRS configurations and receiver algorithms (perfect vs. practical)
	
	

	[bookmark: _Ref37444360]Figure 3. PDSCH performance for different DMRS configurations.


From these results, we can observe that degradation due to using of practical channel estimation is less for scenarios with 1 additional DMRS. Therefore, we suggest to use more reliable DMRS settings to define URLLC requirements for ultra-low BLER.
Proposal 4:	Use one additional DMRS for definition of URLLC PDSCH requirements with Ultra-low BLER.

CQI test for Ultra-low BLER
Current CSI test for AWGN channel model contains the following conditions to pass tests:
a) The reported CQI value according to the reference channel shall be in the range of ±1 of the reported median more than 90% of the time.
b) If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport format indicated by (median CQI-1) shall be less than or equal to 0.1.
We assume that case “a” is kept unchanged for CQI table 3 testing. Same time, in case “b” BLER 0.1 should be changed by 0.00001.
In test with fixed MCS, SNR for requirements can be defined in a way that target/real BLER is less than 10-5 (for example, 10-6) and test time will be reduced due to early pass (from hours to minutes based on [2]). However, for CQI test, we cannot control real BLER which will be observed for tested SNR point and used CQI value. In case real BLER is rather close to 10-5 (higher or lower) for median CQI, the test time can be equal to maximum possible test time (i.e. ~6-3 hours based on [2]). If BLER for median CQI is close to 10-5 then real BLER for CQI-1 will be lower and BLER for CQI+1 will be higher. In result, early termination should be observed for testing with median CQI-1 or CQI+1 in considered case. It means that for certain SNR point we potentially will have one long test. Same time, we would like to note that CQI requirements are defined for two groups of SNR points and UE should pass test for at least one SNR point in each group. Therefore, we will have two long tests for each duplex mode.
Based on our observations above, we suggest not to consider CQI requirements for ultra-low BLER verification.
Proposal 5:	Do not define URLLC CQI requirements for ultra-low BLER.
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:
	· SCS for BS: 15kHz and 30kHz
· CP-OFDM
· DFT-S-OFDM is FFS
· Antenna configuration for BS: 1x2
· PUSCH configuration: Start symbol 0, length 14 symbols
· MCS table: Use low spectrum efficiency MCS
· PT-RS and DM-RS configuration for PUSCH
· Option 1: 1+0
· Option 2: 1+1
· Option 3: 1+0 and 1+1 with applicability rule
· Number of RB for PUSCH
· Option 1: 25 RB 
· Option 2: 65 RB 
· Option 3: Full bandwidth for 5MHz/15k SCS and 10MHz/30Kscs
· Option 4: Full bandwidth with 10MHz/15k SCS and 40MHz/30k SCS
· Option 5: Full bandwidth
· Other options not precluded
· Bandwidth for PUSCH
· Option 1: 5MHz for 15k SCS, 10MHz for 30k SCS
· Option 2: 10MHz for 15k SCS, 40MHz for 30k SCS
· Option 3: 5/10/20MHz for 15k SCS, 10/20/40/100MHz for 30k SCS, applicability rule to ensure just one test
· Option 4: Option 1+option 2 
· Other options not precluded
· TDD patterns for BS
· Proposals FR1
· Option 1: 3D1S1U (S=10:2:2) for 15kHz, 7D1S2U (S=6:4:4) for 30kHz
· Option 2: SU or DSUU 


Requirements for DFT-S-OFDM
At current stage, DFT-S-OFDM requirements are defined for rather limited set of scenarios to verify that BS support RX processing with different waveforms. Same time, testing of all features with both waveforms is redundant, because if BS supports one feature with CP-OFDM waveform then BS supports this feature with DFT-S-OFDM waveform. Also, at current stage BS is tested for both waveforms without any applicability. Therefore, introduction of URLLC requirements for both waveforms will lead to introduction of two long tests which verifies same functionality.
Proposal 6:	Define PUSCH URLLC requirements with Ultra-low BLER only for CP-OFDM waveform.

DMRS configuration
[bookmark: _GoBack]Similar to our proposal for PDSCH URLLC requirements, we suggest to consider scenarios with one additional DMRS for definition of PUSCH URLCC requirements with ultra-low BLER, because such configuration provides more reliable configuration.
Proposal 7:	Use one additional DMRS for definition of URLLC PUSCH requirements with Ultra-low BLER.

TDD pattern
Taking into account that test time is one of critical aspects of requirements with ultra-low BLER and it depends on number of slots with PUSCH, we think that TDD pattern should be selected to ensure heavy UL traffic. Using of DDDSU or 7D1S2U patterns in comparison to DSUU will lead to unnecessary increasing of overall test time in 2.5 times. Therefore, we suggest to use DSUU TDD pattern for PUSCH requirements with ultra-low BLER.
Proposal 8:	Use DSUU TDD pattern for PUSCH requirements with ultra-low BLER.

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 = 10-5 + IM + X, where X = -0.5 dB.
Proposal 2:	Define FR2 PDSCH and PUSCH requirements for ultra-low BLER with 120 kHz SCS.
Proposal 3:	Use Rank 1 and MCS 13 for definition of URLLC PDSCH requirements with Ultra-low BLER.
Proposal 4:	Use one additional DMRS for definition of URLLC PDSCH requirements with Ultra-low BLER.
Proposal 5:	Do not define URLLC CQI requirements for ultra-low BLER.
Proposal 6:	Define PUSCH URLLC requirements with Ultra-low BLER only for CP-OFDM waveform.
Proposal 7:	Use one additional DMRS for definition of URLLC PUSCH requirements with Ultra-low BLER.
Proposal 8:	Use DSUU TDD pattern for PUSCH requirements with ultra-low BLER.
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