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1. Introduction 
In RAN4#96e the UE demodulation requirements for URLLC with higher BLER was discussed and way forward [1] was approved. In this contribution we present our views on the open issues related to UE demod requirements for higher BLER and present simulation results. 
2. Discussion
PDSCH Slot Aggregation
The agreements in [1] related to PDSCH slot aggregation in FR1:
	· HARQ process number: 2 for FDD and 4 for TDD
· 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.



The MCS in FR1 is still undecided for requirements with PDSCH slot aggregation. Based on the simulation assumptions, for tests with higher reliability with PDSCH slot aggregation, we provide the simulation results for different MCS.
Table 1: Simulation results with PDSCH slot aggregation in FR1
	SNR @1% BLER
	MCS: 13
	MCS:16
	MCS:19

	FDD
	2x2
	-5
	-3.4
	-0.9

	
	2x4
	-8.4
	-7
	-4.8

	TDD
	2x2
	-4.5
	-3
	-0.6

	
	2x4
	-7.9
	-6.3
	-4.5



Based on the results in Table 1, the target SNR would be reasonable and not very low if requirements are defined with MCS 19. 
Proposal #1: Define requirements with PDSCH slot aggregation in FR1 with MCS 19
The agreements in [1] related to PDSCH slot aggregation in FR2:
	· 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.



In RAN4#96-e it was agreed to introduce requirements with PDSCH slot aggregation in FR2, but the simulation assumptions are still FFS. We propose to re-use the parameters from FR1 test as much as possible. We propose the following simulation parameters for requirements with PDSCH slot aggregation in FR2.
Table 2: Simulation Parameters for PDSCH slot aggregation testcase in FR2
	Parameter
	Value

	Duplex mode
	TDD

	Antenna configuration
	2x2, ULA low

	PDSCH configuration
	Mapping type
	Type A

	
	Starting symbol (S) 
	2

	
	Length (L)
	12

	
	PUSCH aggregation factor
	2

	PDSCH DMRS configuration
	DMRS Type
	Type 1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	1

	Number of HARQ Processes
	4

	Number of HARQ Transmissions
	8

	Propagation condition
	TDLA30-75

	MCS Table
	Table 3

	SCS and BW
	120KHz, 100MHz

	Frequency domain resource
	Full BW

	TDD pattern 
	DDDSU with S = 10:2G:2U

	Testing metric
	Target BLER:  10-2



Proposal #2: Define requirements in FR2 with PDSCH slot aggregation re-using most of the parameters from FR1 test, and the following: 
	Propagation condition: TDLA30-75
	TDD Pattern: DDDSU with S=10D:2G:2U
	CBW and SCS: 100MHz/ 120KHz
Based on the simulation parameters in Table 2, the simulation results with PDSCH slot aggregation for different MCS are provided in Table 3.
Table 3: Simulation results with PDSCH slot aggregation in FR2
	SNR @1% BLER
	2x2

	MCS: 13
	-6.5

	MCS:16
	-4.3

	MCS:19
	-2.5



Based on the results in Table 3, MCS 16 is suitable for defining requirement with PDSCH slot aggregation in FR2. 
Proposal #3: Define requirements with PDSCH slot aggregation in FR2 with MCS 16
PDSCH Mapping Type-B and Processing Capability 2
The agreements in [1] related to requirements for PDSCH Mapping type B and UE processing capability 2 in FR1:
	· Number of HARQ process for TDD: 2
· MCS: Only MCS 4



For the simulation assumptions agreed in [1] the alignment and impairment results are provided in tables below.
Table 4: Alignment results in FR1 for PDSCH Mapping Type B and Processing Capability 2
	SNR @70% Max TP
	MCS: 4

	FDD
	2x2
	-1.38

	
	2x4
	-4.63

	TDD
	2x2
	-1.80

	
	2x4
	-4.86



Table 5: Impairment results in FR1 for PDSCH Mapping Type B and Processing Capability 2
	SNR @70% Max TP
	MCS: 4

	FDD
	2x2
	0.62

	
	2x4
	-2.63

	TDD
	2x2
	0.20

	
	2x4
	-2.86



For requirements in FR2 with PDSCH mapping Type B it was agreed to re-use most of the parameters from FR1 testcase where applicable. 
	· 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




Based on the simulation assumptions in [1], the results with MCS 4 in FR2 are provided in table 6 below.
Table 6: Simulation results for PDSCH Mapping Type B in FR2
	SNR @70% Max TP
	Alignment
	Impairment

	2x2 (MCS:4)
	-2.5
	-0.5



The operating SNR with MCS of 4 gives reasonable results and we propose to define requirements in FR2 with PDSCH mapping type B with MCS of 4.
 Proposal #4: Define requirements with PDSCH mapping Type-B in FR2 with MCS 4

Pre-emption Indication
The agreements in [1] related to pre-emption indication:
	· 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 were encouraged to bring simulation results comparing performance with and without HARQ buffer flushing in order to decide the test parameters. The table below shows the results with different options for parameters as discussed in [1].

Table 7: Simulation results for Pre-emption Indication
	SNR @ 70% Max TP
	Pre-empted Slots: 10 %
	Pre-empted Slots: 20 %

	
	Without Buffer Flush
	With Buffer Flush
	Without Buffer Flush
	With Buffer Flush

	MCS:4
	2x2
	-2.56
	-2.59
	-1.62
	-1.70

	
	2x4
	-5.91
	-5.92
	-5.28
	-5.31

	MCS:13
	2x2
	6.53
	5.47
	Inf
	6.66

	
	2x4
	2.38
	1.71
	6.94
	2.47



Based on the results in Table 7, we observe that for MCS 4 there is very small delta in performance with or without buffer flush. It would be easy for UE without correct buffer flush implementation to pass the requirement if introduced with low MCS. On the other hand, with MCS of 13 and 20% pre-empted slots, the UE doesn’t achieve 70% max TP without correct buffer flush. Hence, we propose to introduce requirements for pre-emption indication with 20% pre-empted slots with MCS of 13. Also, test metric of 70% of max throughput seems appropriate for this test. 
Proposal #5: Introduce requirements for pre-emption indication with 20% pre-empted slots and MCS of 13.
Proposal #6: Define requirements for pre-emption indication at 70% of maximum throughput.
3. Conclusion
In this paper, we provide our views on the remaining open issues related to PDSCH demodulation requirements for URLLC with higher BLER. We also provide simulation results for consideration in defining requirements. Our proposals are captured below:
Proposal #1: Define requirements with PDSCH slot aggregation in FR1 with MCS 19
Proposal #2: Define requirements in FR2 with PDSCH slot aggregation re-using most of the parameters from FR1 test, and the following: 
	Propagation condition: TDLA30-75
	TDD Pattern: DDDSU with S=10D:2G:2U
	CBW and SCS: 100MHz/ 120KHz
Proposal #3: Define requirements with PDSCH slot aggregation in FR2 with MCS 16
Proposal #4: Define requirements with PDSCH mapping Type-B in FR2 with MCS 4
Proposal #5: Introduce requirements for pre-emption indication with 20% pre-empted slots and MCS of 13.
Proposal #6: Define requirements for pre-emption indication at 70% of maximum throughput.
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