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Introduction
In the previous RAN4 meeting way forward for NR UE URLLC performance requirements was approved [1]. In this paper we provide our view on remaining open issues.
Discussion
FR1 PDSCH high reliability requirements
In the previous RAN4 meeting, the following agreements were reached of FR2 PDSCH high reliability requirements
	· The number of slots between PDSCH and corresponding HARQ-ACK information for FDD
· Option 1: 4
· Option 2: 3 for initial transmission and 2 for repetition
· Option 3: The number of slots between final repetition PDSCH and corresponding HARQ-ACK information for FDD: 2  
· Option 4: The number of slots between initial transmission PDSCH and corresponding HARQ-ACK information for FDD: 3


Based on TS 38.212, information about “PDSCH-to-HARQ feedback timing indicator” is provided in DCI. Therefore, we need to understand whether PDCCH is transmitted in all slots (i.e. slots with initial transmission and slots with repetitions) and whether UE makes detection and decoding of PDCCH in each slot. 
Based on our understanding and review of TS 38.213, same UE behaviours are assumed for PDCCH monitoring and decoding for scenarios with and without PDSCH repetitions. Therefore, we suggest to configure the number of slots between PDSCH and corresponding HARQ-ACK information for FDD requirements as 3 for initial transmission and 2 for repetition.
Proposal 1:	Use the number of slots between PDSCH and corresponding HARQ-ACK information for FDD requirements equal to 3 for initial transmission and 2 for repetition.
FR2 PDSCH high reliability requirements
In the previous RAN4 meeting, the following agreements were reached of FR2 PDSCH high reliability requirements
	· MCS
· Option 1: MCS19 from Table 3
· Option 2: MCS16 from Table 3
· Option 3: MCS13 from Table 3
· Higher or equal to -4 dB for final 2 Rx requirement definition (average ideal SNR alignment result + IM) 



	

	Figure 1. Link level results for FR2 PDSCH high reliability requirements



[bookmark: _Ref47694598][bookmark: _Ref47694595]Table 1. Alignment and impairment results for FR1 PDSCH Mapping Type B
	
	MCS 13
	MCS 16
	MCS 19

	Alignment results
	-4.1
	-2.9
	-1.1

	Impairment results
	-2.6
	-0.9
	0.9


From these results we can observe that SNR for alignment results for MCS 13 is close to -4.1 dB. After adding of impairment margin and additional margin (0.5 dB) in the final requirements, we will have SNR higher than -4.0 dB for final requirements for MCS 13. Therefore, we suggest to use this MCS for FR2 PDSCH high reliability requirements
Proposal 2:	Use MCS 13 for FR2 PDSCH high reliability requirements.
Pre-emption indication for eMBB UE
In the previous RAN4 meeting, the following agreements were reached on requirements for pre-emption indication verification:
	· [bookmark: _Hlk47524443]Pre-emption probability
· Option 1: 10% within 1 radio frame
· Option 2: 20% within 1 radio frame
· eMBB MCS 
· Option 1: MCS13 in Table 1
· Option 2: MCS4 in Table 1
· Option 3: MCS 16 in Table 1
· Test metric
· Option 1: 70% of max T-put
· Other options are not precluded
· Select proper test parameters and test metric to discriminate UE behaviour and ensure proper UE processing i.e. the performance gap > 1dB 


We consider the following scenarios to define assumptions which allow to verify proper UE implementation of pre-emption indication detection and buffer flushing:
· FRC: Rank 1, MCS 4, MCS 13 and MCS 16 (MCS table 1)
· Pre-emption scenarios:
· #1: No pre-emption
· #2: 10% probability with fixed scheduling within 1 radio frame
· #3: 20% probability with fixed scheduling within 1 radio frame
· Receiver assumptions
· Option 1: Detection of pre-emption indication is ON
· Option 2: Detection of pre-emption indication is OFF (incorrect UE processing)
In Figure 5 we provide simulation results for above scenarios. 
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	[bookmark: _Ref37402772]Figure 2. Pre-emption indication throughput performance analysis.


[bookmark: _Ref37330055][bookmark: _Ref37330052]For this analysis we use the following periodically repeated pre-emption patterns:
· FDD, pre-emption probability 10%: 0 1 0 0 0 0 0 0 0 0
· FDD, pre-emption probability 20%: 0 1 1 0 0 0 0 0 0 0
· TDD, pre-emption probability 10%: 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
· TDD, pre-emption probability 10%: 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0
[bookmark: _GoBack]For TDD we consider shift of pre-emption pattern each 10 slots to avoid the situation that both initial transmission and retransmission will be pre-empted, because delay between initial transmission and retransmission for TDD case is 10 slots.
In Table 2 and Table 3 we show SNR loss for 70 % of maximum throughput in case UE make incorrect receive processing in scenarios with pre-emption for FDD and TDD cases, respectively.
[bookmark: _Ref61595090][bookmark: _Ref61595086]Table 2. Summary of FDD simulation results for pre-emption indication requirements
	Pre-emption probability
	MCS 4
	MCS 13
	MCS 16

	
	Rx Opt 1
	Rx Opt 2
	Diff
	Rx Opt 1
	Rx Opt 2
	Diff
	Rx Opt 1
	Rx Opt 2
	Diff

	10%
	-3.0
	-3.0
	0.0
	4.8
	5.3
	0.5
	7.6
	9.0
	1.4

	20%
	-2.4
	-2.4
	0.0
	5.9
	8.7
	2.8
	8.8
	N/A
	Inf



[bookmark: _Ref61595091]Table 3. Summary of TDD simulation results for pre-emption indication requirements
	Pre-emption probability
	MCS 4
	MCS 13
	MCS 16

	
	Rx Opt 1
	Rx Opt 2
	Diff
	Rx Opt 1
	Rx Opt 2
	Diff
	Rx Opt 1
	Rx Opt 2
	Diff

	10%
	-2.5
	-2.1
	0.4
	5.3
	11.4
	6.1
	9.5
	N/A
	Inf

	20%
	0.0
	1.7
	1.7
	7.9
	N/A
	Inf
	14.7
	N/A
	Inf


From these results we can observe that correct RX processing (i.e. HARQ buffer flashing) can be verified (i.e. SNR loss higher than 1.0 dB) under following conditions: 
· FDD:
· MCS 13, Pre-emption probability 20%
· MCS 16, Pre-emption probability 10% or 20%
· TDD
· MCS 4, Pre-emption probability 20%
· MCS 13, Pre-emption probability 10% or 20%
· MCS 16, Pre-emption probability 10% or 20%
Usually, same settings are used for FDD and TDD requirements. Therefore, we propose to use MCS 16 with pre-emption probability 10 %, which allows to verify correct UE processing for both duplex modes.
Proposal 3:	Define Pre-emption indication requirements under one of the following conditions:
· eMBB MCS 16
· Pre-emption probability 10%
· Test metric: 70% of max T-put
Conclusion
In this paper we provided view on UE URLLC demodulation requirements and made the following proposals:
Proposal 1:	Use the number of slots between PDSCH and corresponding HARQ-ACK information for FDD requirements equal to 3 for initial transmission and 2 for repetition.
Proposal 2:	Use MCS 13 for FR2 PDSCH high reliability requirements.
Proposal 3:	Define Pre-emption indication requirements under one of the following conditions:
· eMBB MCS 16
· Pre-emption probability 10%
· Test metric: 70% of max T-put
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