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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 on Rel-15 URLLC features
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]MCS: 
· Option 1: MCS13
· Option 2: MCS16
· Option 3: MCS19
· Methodology for MCS selection
· Higher or equal to -4 dB for final 4 Rx requirement definition (average ideal SNR alignment result + IM)
· BLER calculation method
· BLER = NpacketFail/NpacketTx, where NpacketFail is the number of packets with CRC fail after all transmissions (initial and retransmissions), NpacketTx is the total number of packets transmitted during the test. 


It was agreed to further analyse the most suitable MCS for high reliability requirements and select among MCS13/16/19. In Figure 1 we provide 2Rx and 4Rx results for these MCSs.
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	[bookmark: _Ref37402582]Figure 1. FR1 PDSCH performance with AL2


In Table 1 we provide SNR values for BLER 1% for different MCS 
[bookmark: _Ref40110805]Table 1. Summary of alignment simulation results for FR1 PDSCH high reliability requirements
	
	MCS 13
	MCS 16
	MCS 19

	FDD, 2 Rx
	-2.2
	-0.4
	1.6

	FDD, 4 Rx
	-5.6
	-3.9
	-2.0

	TDD, 2 Rx
	-2.4
	-0.1
	2.0

	TDD, 4 Rx
	-5.5
	-3.6
	-1.6


We can observe that ideal results for MCS 13 is -5.6 dB for 4 Rx and -2.4 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 -0.5 dB for 2 Rx. Such values look feasible. Therefore, we suggest to use MCS 13 for high reliability URLLC PDSCH requirements.
Proposal 1:	Use MCS13 for FR1 High reliability PDSCH requirements.
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:
	· Number of HARQ process for TDD: 2
· MCS: Only MCS 4


In Figure 2 we provide the simulation results for agreed scenarios. In Table 2 we provide the summary of alignment and impairment simulation results.
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	[bookmark: _Ref47694222]Figure 2. FR1 PDSCH results for Mapping Type B



[bookmark: _Ref47694598][bookmark: _Ref47694595]Table 2. Summary of simulation results for FR1 PDSCH Mapping Type B 
	
	Alignment results
	Impairment results

	
	FDD
	TDD
	FDD
	TDD

	2 Rx
	-0.6
	-0.8
	0.9
	0.7

	4 Rx
	-2.7
	-2.8
	-1.2
	-1.3



FR2 PDSCH high reliability requirements
In the previous RAN4 meeting, the following agreements were reached of FR2 PDSCH high reliability requirements
	· Introduce test cases with PDSCH repetition in FR2 with 1% BLER as test metric 
· Test applicability rule for FR2
· The performance requirements are only applicable for UE supporting FR2 operating bands
· Test applicability rule for FR1 and FR2 if UE support both
· UE should be tested for both FR1 and FR2 if UE support FR1 and FR2
· Companies are encouraged to provide view on detailed test parameters in the next RAN4 meeting:
· Aggregation factor, MCS, Channel bandwidth, SCS, Channel model, TDD pattern, PDSCH Mapping type etc. 


For FR2 PDSCH high reliability requirements we suggest to use the following more typical test parameter for FR2 requirements:
· SCS/CBW: 120 kHz/100 MHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· PDSCH mapping for D slot: Type A, Start symbol 1, Duration 13
· Channel model: TDLA30-75
· Antenna configuration: 2x2, ULA low
Also, we suggest to reuse the following assumptions from FR1 high reliability requirements:
· Aggregation factor 2
· No PDSCH scheduling in S slots
· MCS Table 3
Similar to FR1, we suggest to restrict PDSCH scheduling and ensure that first transmission and its repetition are scheduled in consecutive slot. Therefore, we propose to schedule PDSCH on slot i, if mod(i, 5) = {1,2} for i from {1,…,159}.
As for MCS, we can choose from same candidates as for FR1 (i.e. MCS 13/16/19). Based on FR1 discussion, the main issue is to select the MCS under assumption that SNR operation point is not very low for 4 Rx case. Same time, for FR2 we consider only 2 Rx case. Therefore, we don’t expect any issue with extremely low SNR and suggest to use MCS13 for FR2 requirements definition.
For Rel-15 the following assumptions are considered for HARQ retransmission settings for DDDSU TDD pattern
	


In case we consider aggregation factor configuration and PDSCH scheduling restrictions proposed above, we can have the following HARQ retransmission settings
	


Therefore, we propose to use 2 HARQ process for FR2 PDSCH high reliability requirements.
Proposal 2:	Use the following assumptions for FR2 PDSCH high reliability requirements:
· CBW/SCS: 100 MHz/120 kHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· PDSCH configuration: Mapping Type A, Start symbol 1, Duration 13
· PDSCH scheduling: slot i, if mod(i, 5) = {1,2} for i from {1,…,159}.within 20 ms
· Aggregation factor 2
· Number of HARQ process: 2
· MCS 13 from Table 3
· Channel model: TDLA30-75
· Antenna configuration: 2x2, ULA low
FR2 PDSCH requirements for mapping Type B
In the previous RAN4 meeting, the following agreements were reached on FR2 PDSCH requirements for mapping TypeB:
	· Test applicability rule for FR2: No need to define the applicability rule. 
· Test applicability rule for FR1 and FR2: No test applicability rule is needed.
· SCS/CBW: 120 kHz/100 MHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· PDSCH Configuration
· Scheduling: No PDSCH in slot 0 within 20 ms
· MCS: [MCS4] from table 1. Confirming the MCS depends on the simulation results to ensure a proper SNR value.
· Start symbol: 1
· Symbol length: 2
· Max number of HARQ transmissions: 4
· Number of HARQ process: 8
· Antenna configuration: 2x2, ULA low
· Channel model: 
· Option 1: TDLA30-75
· Other options are not precluded
· Test metrics: 70% throughput


One of the non-finalized parameters for FR2 PDSCH Type B requirements is channel model, TDLA30-75 is one of the typical channel models for FR2 requirements. Therefore, we propose to use it for FR2 PDSCH Type B requirements.
In Figure 3 we provide our results for MCS 4 and TDLA30-75 channel model. In Table 3 we provide alignment and impairment results.
	

	[bookmark: _Ref53738859][bookmark: _Ref53738856]Figure 3. FR2 PDSCH results for Mapping Type B



[bookmark: _Ref53739359]Table 3. Summary of simulation results for FR2 PDSCH Mapping Type B 
	
	Alignment results
	Impairment results

	2 Rx
	-1.6
	-0.1


From these results we can observed that SNR point for alignment results is around -1.6 dB. Such SNR point is feasible from testing point of view. Therefore, we would like to confirm using of MCS4 for FR2 Type B PDSCH requirements.
Proposal 3:	Use the following assumptions for FR2 PDSCH requirements with mapping Type B:
· MCS 4
· Channel model: TDLA30-75
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]The assumption of UE behaviours for buffer flushing and decoding
· If UE cannot decode the PDCSH correctly, UE feeds back NACK to gNB. Then UE flushes the buffer and waits for the next re-transmission for LLR combing to decode the PDSCH. 
· URLLC interference modelling
· SNR: Same as for eMBB transmission
· Structure: Some random data
· 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)
· 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. In Table 4 we show SNR loss for 70 % of maximum throughput in case UE make incorrect receive processing in scenarios with pre-emption.
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	[bookmark: _Ref37402772]Figure 4. Pre-emption indication throughput performance analysis.


[bookmark: _Ref37330055][bookmark: _Ref37330052]Table 4. 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
	2.8


[bookmark: _GoBack]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: Pre-emption probability 20%, MCS 13. Same time, we can observe that maximum throughput cannot be reached under such conditions even with correct RX processing. Usually, if throughput is used as test metric then test setup is selected to ensure that maximum throughput can be reached. Therefore, we suggest to check BLER test metric.
In Figure 5 we provide the BLER analysis for considered scenarios. Table 5 shows SNR difference of correct and incorrect UE behaviors.
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	[bookmark: _Ref53908827]Figure 5. Pre-emption indication BLER performance analysis.


[bookmark: _Ref53908837]Table 5. SNR loss @ 10% and 1% BLER for incorrect Rx processing
	
	10% BLER
	1% BLER

	FRC
	Pre-emption probability 10%
	Pre-emption probability 20%
	Pre-emption probability 10%
	Pre-emption probability 20%

	Rank 1, MCS 4
	0.1
	0.2
	0.0
	0.2

	Rank 1, MCS 13
	0.4
	0.9
	0.6
	1.9


From these results we can observe that incorrect RX processing can be verified for MCS 13 and Pre-emption probability 20% with 1% BLER test metric.
From above analysis we can conclude that under agreed simulation assumption pre-emption indication can be verified only for scenario with 20% pre-emption probability and MCS 13 with either Throughput or BLER metric. Same time, using of 20% pre-emption probability may not fit the practical scenarios. Therefore, we decided to check if changes in other test parameters may allow to verify pre-emption indication. We suggest reducing the number if retransmissions and check performance in case 2 retransmissions, instead of 4, are generated. 
In Figure 6 we provide throughput and BLER analysis for scenarios with 2 retransmissions. Table 6 shows SNR difference of correct and incorrect UE behaviors for different test metrics
	MCS 4
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	[bookmark: _Ref53910694]Figure 6. Pre-emption indication performance analysis for scenario with 2 retransmissions.


[bookmark: _Ref53910700]Table 6. SNR loss for incorrect Rx processing for scenario with 2 retransmissions.
	
	70% Max T-put
	10% BLER
	1% BLER

	FRC
	Pre-emption 10%
	Pre-emption 20%
	Pre-emption 10%
	Pre-emption 20%
	Pre-emption 10%
	Pre-emption 20%

	Rank 1, MCS 4
	0.0
	0.1
	0.1
	0.2
	0.2
	0.5

	Rank 1, MCS 13
	0.5
	2.6
	1.2
	4.0
	Inf
	Inf


From this analysis we can observe that incorrect UE processing can be verified for scenarios with 10% pre-emption probability and MCS 13 in case BLER test metric is used (10% or 1%). 
In summary, we suggest to consider the following options for pre-emption requirements definition:
· Option 1:
· Number of eMBB retransmissions: 4
· eMBB MCS 13
· Pre-emption probability 20%
· Test metric: 70% of max T-put or 1% of BLER
· Option 2:
· Number of eMBB retransmissions: 2
· eMBB MCS 13
· Pre-emption probability 10%
· Test metric: 10% or 1% of BLER
Proposal 4:	Define Pre-emption indication requirements under one of the following conditions:
· Option 1:
· Number of eMBB retransmissions: 4
· eMBB MCS 13
· Pre-emption probability 20%
· Test metric: 70% of max T-put or 1% of BLER
· Option 2:
· Number of eMBB retransmissions: 2
· eMBB MCS 13
· Pre-emption probability 10%
· Test metric: 10% or 1% of BLER

Discussion on Rel-16 URLLC features
In the previous meeting the following agreements were reached on 
	· Requirements for Multi-TRP URLLC transmission schemes are covered by Rel-16 e-MIMO WI, no discussion in URLLC thread.
· Rel-16 features need to be discussed 
· PDCCH enhancement
· Other features not precluded.


From WID [2], we can observe that the following DL-related enhancements are considered for Rel-16 URLLC:
	· Specification of PDCCH enhancements [RAN1]
· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.
· [bookmark: OLE_LINK1]Specification of enhancements to scheduling/HARQ [RAN1]
· Out-of-order HARQ-ACK associated with PDSCHs with different HARQ process IDs
· Out-of-order PUSCH scheduling associated with different HARQ process IDs, including overlapping PUSCHs and non-overlapping PUSCHs in time-domain
· Methods to handle DL data/data resource conflicts for overlapping PDSCHs in time-domain, scheduled by dynamic DL assignments 


Same time, in RAN1 #99 meeting it was concluded that the following enhancements are not supported in Rel-16:
· Out of order (OoO) PDSCH to HARQ-ACK feedback
· Out of order (OoO) PUSCH scheduling
· Handling of overlapping PDSCHs
· Handling of overlapping dynamically granted (DG) PUSCHs
Therefore, PDCCH enhancements can be considered as candidate for performance requirements definition. However, we can observe that these enhancements are mainly related to DCI size reduction and increasing of PDCCH monitoring capability. Based on our understanding, such enhancements do not affect demodulation performance and are not verified as a part of demodulation performance tests. Therefore, we propose not to define demodulation performance requirements to verify Rel-16 URLLC PDCCH enhancements.
Proposal 5:	Do not define demodulation performance requirements to verify Rel-16 URLLC PDCCH enhancements.
Conclusion
In this paper we provided view on UE URLLC demodulation requirements and made the following proposals:
Proposal 1:	Use MCS13 for FR1 High reliability PDSCH requirements.
Proposal 2:	Use the following assumptions for FR2 PDSCH high reliability requirements:
· CBW/SCS: 100 MHz/120 kHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· PDSCH configuration: Mapping Type A, Start symbol 1, Duration 13
· PDSCH scheduling: slot i, if mod(i, 5) = {1,2} for i from {1,…,159}.within 20 ms
· Aggregation factor 2
· Number of HARQ process: 2
· MCS 13 from Table 3
· Channel model: TDLA30-75
· Antenna configuration: 2x2, ULA low
Proposal 3:	Use the following assumptions for FR2 PDSCH requirements with mapping Type B:
· MCS 4
· Channel model: TDLA30-75
Proposal 4:	Define Pre-emption indication requirements under one of the following conditions:
· Option 1:
· Number of eMBB retransmissions: 4
· eMBB MCS 13
· Pre-emption probability 20%
· Test metric: 70% of max T-put or 1% of BLER
· Option 2:
· Number of eMBB retransmissions: 2
· eMBB MCS 13
· Pre-emption probability 10%
· Test metric: 10% or 1% of BLER
Proposal 5:	Do not define demodulation performance requirements to verify Rel-16 URLLC PDCCH enhancements.
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