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1. Introduction
In RAN4#93 the way forward on demodulation and CSI requirements for URLLC [1] was approved. In this contribution we present our views on test cases for URLLC.

2. Discussion
2.1 Requirements for high reliability
In RAN4 #93 the following agreements on high reliability features were made [1]:
	UE demodulation requirements for high reliability
· Introduce PDSCH low BLER high confidence requirement
· 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 3 for PDSCH
· Duplex mode: Both TDD and FDD
· FFS TDD patterns
· SCS:
· TDD: 30KHz
· 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 PDSCH aggregation
· FFS PDSCH aggregation level

UE CQI reporting requirements for high reliability
· Introduce CQI reporting requirements to verify the support of CQI Table 3
· Option 1: CQI test in AWGN
· Option 2: CQI test in fading channel
· FFS:
· Target BLER
· Test metrics

BS demodulation requirements for high reliability
· Introduce PUSCH low BLER high confidence requirement
· 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
· Other test cases will include PUSCH aggregation
· FFS PUSCH aggregation level
· FFS on introduction of PUCCH demodulation performance requirements




UE and BS Demodulation requirements for high reliability
In RAN4#93, it was agreed to introduce PDSCH and PUSCH demodulation test cases with high reliability target of 1e-5 BLER if determined feasible. In [2] we propose to introduce performance test cases with 1e-5 BLER target to test performance for URLLC as we show that it is feasible to have test cases for low BLER target with reasonable testing time. 
We propose the following simulation parameters for UE demodulation tests for testing PDSCH BLER =10-5.
· Target BLER: 10^-5
· Target test confidence level: 99.999%
· Propagation channel: Static
· MCS: MCS5 from MCS table 3
· SCS: 30KHz for both FDD and TDD
· Duplex mode: Both TDD and FDD. For TDD mode use DL heavy DL:UL configuration to reduce the test time.
· HARQ: no ReTx
· Aggregation level on PDSCH: 1

Proposal #1: Introduce PDSCH demodulation test cases for target BLER 10-5  with the following parameters:		Target BLER: 10^-5; Target test confidence level: 99.999%
Propagation channel: Static; MCS: MCS5 from MCS table 3
SCS: 30KHz for both FDD and TDD
Duplex mode: Both TDD and FDD. For TDD mode use DL heavy DL:UL configuration 
HARQ: no ReTx
Aggregation level on PDSCH: 1


For BS demodulation, we propose the following parameters for testing PUSCH BLER =10-5
· [bookmark: _Hlk32571530]Target BLER: 10^-5
· Target test confidence level: 99.999%
· Propagation channel: Static
· MCS: MCS5 from MCS table 2
· SCS: 30KHz for both FDD and TDD
· Duplex mode: Both TDD and FDD. For TDD mode use UL heavy DL:UL configuration to reduce the test time.
· HARQ: no ReTx
· Aggregation level on PUSCH: 1

Proposal #2: Introduce PUSCH demodulation test cases for target BLER 10-5  with the following parameters: 		Target BLER: 10^-5; Target test confidence level: 99.999%
Propagation channel: Static; MCS: MCS5 from MCS table 2
SCS: 30KHz for both FDD and TDD
Duplex mode: Both TDD and FDD. For TDD mode use UL heavy DL:UL configuration 
HARQ: no ReTx
Aggregation level on PUSCH: 1



In addition, we also recommend introducing test cases for PDSCH demodulation with slot level aggregation with higher BLER target than 10-5 to verify performance with PDSCH slot aggregation. Given that slot aggregation increases effective PDSCH transmission duration, testing at low BLER and high confidence level will become infeasible. It is recommended to use regular PDSCH BLER = [1] % to verify the performance.
Proposal #3: Introduce PDSCH demodulation test cases PDSCH slot aggregation with [1]% BLER requirement.

Similarly, in order to verify performance with PUSCH slot aggregation, we recommend introducing PUSCH demodulation requirement with slot aggregation with higher BLER target than 10-5.
Proposal #4: Introduce PUSCH demodulation test cases for PUSCH slot aggregation with [1]% BLER requirement.

UE CQI reporting requirements for high reliability
In RAN4#93 it was agreed to have CQI reporting tests with CQI table 3. The options for introducing CQI reporting test with CQI table 3 were in static channel or fading channel conditions. For CQI reporting test in static channel we might need to run 2 or 4 very long tests in order to meet low BLER target of 10-5. For test in fading channel conditions, we have 3 criteria to pass the test – Throughput gain with follow CQI, CQI distribution and BLER with follow CQI. With CQI table 3 the BLER requirement would be low (< 10-5) and would need to run very long test. If we define requirements based on TP gain and CQI distribution metrics for CQI reporting test in fading channel with CQI table 3, we might not need to run very long test to measure low BLER requirement. At the same time, CQI reporting with table 3 would be tested.
Proposal #5: Introduce CQI reporting test case with CQI table 3 for fading channel conditions 

2.2 Requirements for low latency
In RAN4 #93 the following agreements on low latency features were made [1]:
	UE demodulation requirements for low latency
· Introduce PDSCH demodulation performance requirements to verify PDSCH processing capability 2
· UL-DL configuration 
· FFS on TDD pattern
· FFS on which slots will be scheduled
· Introduce performance requirements to verify PDSCH mapping Type B with non-slot configured with fewer symbols than Rel-15 demod
· Option 1: define the additional PDSCH demodulation performance requirements
· Option 2: no specific requirement and verify it in the other introduced performance requirements
· Introduce PDSCH demodulation performance requirements for pre-emption
· Verify the performance of UE flushing the URLLC PDSCH REs which is scheduled by DCI transmitted after that URLLC PDSCH
· FFS whether to define the demodulation requirements to verify decoding performance of PDSCH transmitted ahead of corresponding DCI

BS demodulation requirements for low latency
· Introduce PUSCH demodulation requirements to verify the support of PUSCH mapping Type B with non-slot configured with fewer symbols than Rel-15
· FFS requirements for UL transmission with grant free/UL configured grant



Requirements with PDSCH Mapping Type B
In Rel-15 PDSCH demodulation test cases with mapping Type B are with 7 symbols. Rather than introduce a test case just for fewer than 7 symbols we recommend using mapping type B with 2 symbols in another test case, like the test case for PDSCH processing capability 2.
Proposal #6: Use PDSCH mapping Type B with 2 symbols in PDSCH processing capability 2 test case

Requirements with PDSCH processing capability 2
For UE demodulation requirements for low latency it was agreed to introduce PDSCH performance requirements to verify PDSCH processing capability 2. The tests shall be introduced for both FDD and TDD. For TDD we propose to introduce PDSCH scheduling on S slots and hence propose the following TDD pattern: SU; S=12D+2G.
In order to test processing capability 2 for low latency requirement effectively, we should introduce test cases with small number of HARQ processes, like 2.
Proposal #7: Introduce test case with PDSCH processing capability 2 with the following parameters:			PDSCH Mapping Type B with 2 symbols									For TDD mode – TDD pattern: SU; S=12D+2G								Number of HARQ processes: 2

Requirements for Preemption Indication
To support URLLC UEs in the system DL preemption indication for eMBB UEs was introduced. In order to ensure proper operation in a network deployment for all types of UEs, it is essential to introduce and verify that the eMBB UEs can support interruption of transmission of DL data reception based on preemption indication. We propose to introduce a testcase with DL preemption indication to verify that the UE is flushing its soft buffer as required instead of combining after receiving DL preemption indication. The pass/fail criteria and set-up of such a test should be discussed further. 
Proposal #8: Introduce requirement to test DL preemption indication on eMBB UE

BS demodulation requirements for low latency
For BS demodulation, the feature to be tested for low latency is PDSCH mapping Type B configured with fewer symbols than Rel-15 demodulation requirements. In Rel-15 PUSCH mapping type B was configured with 8 or 9 symbols. We recommend introducing PUSCH demodulation requirements with mapping Type B configured for 4 symbols. 
Proposal #9: For BS demodulation introduce requirements with PUSCH mapping Type B with 4 symbols
3. Conclusion
In this paper we present our views on the test cases for URLLC requirements. Our proposals are summarized below:
Requirements for high reliability
Proposal #1: Introduce PDSCH demodulation test cases for target BLER 10-5  with the following parameters:		Target BLER: 10^-5; Target test confidence level: 99.999%
Propagation channel: Static; MCS: MCS5 from MCS table 3
SCS: 30KHz for both FDD and TDD
Duplex mode: Both TDD and FDD. For TDD mode use DL heavy DL:UL configuration 
HARQ: no ReTx
Aggregation level on PDSCH: 1

Proposal #2: Introduce PUSCH demodulation test cases for target BLER 10-5  with the following parameters: 		Target BLER: 10^-5; Target test confidence level: 99.999%
Propagation channel: Static; MCS: MCS5 from MCS table 2
SCS: 30KHz for both FDD and TDD
Duplex mode: Both TDD and FDD. For TDD mode use UL heavy DL:UL configuration 
HARQ: no ReTx
Aggregation level on PUSCH: 1

Proposal #3: Introduce PDSCH demodulation test cases PDSCH slot aggregation with [1]% BLER requirement.
Proposal #4: Introduce PUSCH demodulation test cases for PUSCH slot aggregation with [1]% BLER requirement.
Proposal #5: Introduce CQI reporting test case with CQI table 3 for fading channel conditions 
[bookmark: _GoBack]
Requirements for low latency
Proposal #6: Use PDSCH mapping Type B with 2 symbols in PDSCH processing capability 2 test case
Proposal #7: Introduce test case with PDSCH processing capability 2 with the following parameters:			PDSCH Mapping Type B with 2 symbols									For TDD mode – TDD pattern: SU; S=12D+2G								Number of HARQ processes: 2
Proposal #8: Introduce requirement to test DL preemption indication on eMBB UE
Proposal #9: For BS demodulation introduce requirements with PUSCH mapping Type B with 4 symbols
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