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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 on FR1 test design for high reliability verification:
	· [bookmark: _Hlk36804612]Scheduling for PDSCH: 
· FDD: No scheduling in slots 0 and 1 (or 19) within 20ms. 
· TDD: No scheduling in D slots i, where mod(i, 10) = 0, and S slots
· MCS: 
· Option 1: MCS13
· Option 2: MCS16
· Option 3: MCS19
· Methodology for MCS selection
· Option 1: Higher or equal to -6 dB for average ideal 4 Rx SNR alignment results.
· Option 2: Higher or equal to -3 dB for average ideal 4 Rx SNR alignment results
· Option 3: Higher or equal to -4 dB for final 4 Rx requirement definition (average ideal SNR alignment result + IM) 


HARQ process number
HARQ process number is still open for FR1 PDSCH high reliability requirements. In Figure 1 we provide our view on HARQ operation for FDD and TDD modes.
	FDD mode


	TDD mode


	[bookmark: _Ref47693255]Figure 1. HARQ process for High reliability test.


From these figures we can observe that using of 2 HARQ processes and 4 HARQ processes for FDD and TDD, respectively, is possible for scenarios with repetitions and aggregation factor 2.
MCS
In the previous RAN4 meeting, it was agreed to further analyse the most suitable MCS for high reliability requirements and select among MCS13/16/19. In Figure 2 we provide 2Rx and 4Rx results for these MCSs.
	2 Rx, FDD

	4 Rx, FDD


	2 Rx, TDD

	4 Rx, TDD


	[bookmark: _Ref37402582]Figure 2. PDSCH performance with AL2


In Table 1 we provide SNR values for BLER 1% for different MCS 
[bookmark: _Ref40110805]Table 1. SNR for BLER 1%
	
	MCS 13
	MCS 16
	MCS 19

	FDD, 2 Rx
	-3.2
	-1.2
	0.8

	FDD, 4 Rx
	-5.8
	-4.0
	-1.8

	TDD, 2 Rx
	-2.0
	0.3
	2.7

	TDD, 4 Rx
	-4.8
	-2.8
	-0.8


We can observe that ideal results for MCS 13 is -5.8 dB for 4 Rx and -3.2 dB for 2 Rx. Taking into account that impairments margins will be added in the final requirements, the potential final SNR value will be around -3.5 dB for 4 Rx and -1 dB for 2 Rx. Such values look feasible. Therefore, we suggest to use MCS 13 for high reliability URLLC PDSCH requirements.
Proposal 1:	Use the following assumptions for FR1 High reliability PDSCH requirements:
· Use 2 HARQ process for FDD mode and 4 HARQ process for TDD mode
· MCS 13
FR1 PDSCH requirements for mapping Type B and processing capability 2
In the previous RAN4 meeting, the following agreements were reached on FR1 test design for PDSCH mapping Type B and PDSCH processing capability 2 verification:
	· PDSCH symbol length for FDD and TDD: 2os only
· Test metrics: 70% throughput
· Number of HARQ process for TDD: 
· Option 1: 2
· Option 2: 4 processes and PDSCH scheduling with HARQ index 3 
· MCS: 
· Option 1: Only MCS 4
· Option 2: Only MCS 17
· Option 3: MCS 4 and MCS 17


[bookmark: _Hlk36914549]Number of HARQ process
Based on our understanding, difference of two options for number of HARQ process is whether to count slots with DL resource and without PDSCH transmission. In Figure 3 we provide the example of HARQ processes mapping for both options.
	

	[bookmark: _Ref40295869]Figure 3. HARQ indexes mapping for DDDSU pattern.


We think that both options are valid from NR configuration point of view. Same time, counting of all slots with available DL resources is more aligned with Rel-15 NR PDSCH requirements assumptions, because if only slots with PDSCH is counted then it may lead to scenarios with scheduling of initial transmission and retransmission on different TDD slots type (which is not aligned with Rel-15 assumptions). In Figure 4 we provide example for 7D1S2U pattern in case counting of only slots with PDSCH is considered.
	

	[bookmark: _Ref40296211]Figure 4. HARQ indexes mapping for 7D1S2U pattern.


Based on above observations, we suggest to define URLLC requirements under assumption of 4 HARQ processes and scheduling only with HARQ index 3.
MCS
Based on our understanding, using of lower MCS is more typical scenarios for URLLC transmission. Also, based on TR 38.913, the following sentence is capturer in the reliability section: “A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms”. Therefore, we suggest to define requirements for MCS 4.
Proposal 2:	Use the following assumptions for FR1 requirements with mapping Type B and PDSCH processing capability 2:
· 4 HARQ processes and PDSCH scheduling with HARQ index 3
· MCS 4
Simulation results
In the previous RAN4 meeting simulation assumptions for FR1 PDSCH requirements for mapping Type B and processing capability 2 were agreed [2]. In Figure 5 we provide the simulation results for these scenarios. In Table 2 we provide the summary with alignment simulation results.
	FDD, MCS 4

	FDD, MCS 17


	TDD, MCS 4

	TDD, MCS 17


	[bookmark: _Ref47694222]Figure 5. FR1 PDSCH results for Mapping Type B



[bookmark: _Ref47694598][bookmark: _Ref47694595]Table 2. Summary of alignment simulation results for PDSCH Mapping Type B 
	
	MCS4
	MCS17

	
	FDD
	FDD
	FDD
	TDD

	2 Rx
	-1.0
	-1.2
	9.3
	9.2

	4 Rx
	-2.8
	-3.1
	6.9
	6.8



FR2 PDSCH high reliability requirements
Based on discussion from the previous RAN4 meeting, it is still open whether to define FR2 requirements to verify different URLLC related features.
	· FR2 requirements for High reliability
· FFS whether to define FR2 requirements
· Interested companies are encouraged to bring more information and analysis for the deployment/usage scenarios 


The main purpose of these requirements is to verify that UE supports PDSCH repetitions. Based on RAN1 UE feature list, this feature is supported for both, FR1 and FR2. Taking into account that operation in different FRs depends on UE implementation, we think that it rather important to verify that PDSCH repetition is supported by different types of UEs (in particular, UEs which supports only FR2 operation).
Proposal 3:	Define FR2 demodulation requirements to verify that UE supports PDSCH repetitions.

FR2 PDSCH requirements for mapping Type B
In the previous RAN4 meeting it was agreed to define FR2 PDSCH requirements for mapping type B.
	· FR2 requirements for PDSCH mapping Type B 
· Introduce test cases for FR2, FFS whether test applicable rules will be introduced.


We suggest to use the following parameters based on typical FR2 test configuration and agreements for FR1 PDSCH type B requirements:
· CBW/SCS: 100 MHz/120 kHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· PDSCH configuration: Mapping Type B, Start symbol 1, Duration 2
· PDSCH scheduling: No PDSCH in slot 0 within 20 ms
· MCS 4
Proposal 4:	Use the following assumptions for FR2 PDSCH requirements with mapping Type B:
· CBW/SCS: 100 MHz/120 kHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· PDSCH configuration: Mapping Type B, Start symbol 1, Duration 2
· PDSCH scheduling: No PDSCH in slot 0 within 20 ms
· MCS 4
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 scheduling: Fixed scheduling
· 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
· Test metric
· Option 1: 70% of max T-put
· Other options are not precluded
· Companies are encouraged to prepare comparison analysis of UE with and without HARQ buffer flushing of pre-empted bits to decide on options above 


We consider the following scenarios to define which conditions allows to verify proper UE implementation of pre-emption indication detection and buffer flushing:
· FRC: Rank 1, MCS 4 and MCS 13 (MCS table 1)
· Channel model: TDLA30-10
· Antenna configuration: 2x2
· 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)
[bookmark: _GoBack]In Figure 5 we provide simulation results for above scenarios. In Table 3 we show SNR loss for 70 % of maximum throughput in case UE make incorrect receive processing in scenarios with pre-emption.
	MCS 4

	MCS 13


	[bookmark: _Ref37402772]Figure 6. Pre-emption indication performance analysis.


[bookmark: _Ref37330055][bookmark: _Ref37330052]Table 3. SNR loss @ 70% Max T-put for incorrect Rx processing
	FRC
	Pre-emption probability 10%
	Pre-emption probability 20%

	Rank 1, MCS 4
	0.0
	0.1

	Rank 1, MCS 13
	0.5
	1.8


From these results we can observe that correct RX processing (i.g. HARQ buffer flashing) can be verified (i.e. SNR loss higher than 1.0 dB) under following conditions: Pre-emption probability 20%, MCS 13.
Proposal 5:	Define Pre-emption indication requirements for Pre-emption probability 20% and MCS 13.
Conclusion
In this paper we provided view on UE URLLC demodulation requirements and made the following proposals:
Proposal 1:	Use the following assumptions for FR1 High reliability PDSCH requirements:
· Use 2 HARQ process for FDD mode and 4 HARQ process for TDD mode
· MCS 13
Proposal 2:	Use the following assumptions for FR1 requirements with mapping Type B and PDSCH processing capability 2:
· 4 HARQ processes and PDSCH scheduling with HARQ index 3
· MCS 4
Proposal 3:	Define FR2 demodulation requirements to verify that UE supports PDSCH repetitions.
Proposal 4:	Use the following assumptions for FR2 PDSCH requirements with mapping Type B:
· CBW/SCS: 100 MHz/120 kHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· PDSCH configuration: Mapping Type B, Start symbol 1, Duration 2
· PDSCH scheduling: No PDSCH in slot 0 within 20 ms
· MCS 4
Proposal 5:	Define Pre-emption indication requirements for Pre-emption probability 20% and MCS 13.
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