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Introduction
In the previous RAN4 e-meetings, it’s agreed to define URLLC UE demodulation performance test cases with higher BLER requirements for PDSCH slot aggregation for both FR1 and FR2, PDSCH mapping type B and processing capability 2 for FR1,  PDSCH mapping type B for FR2, and PDSCH pre-emption for FR1. In this paper we present our simulation results for these functionality tests respectively. 
Simulation results
Slot aggregation
Simulation assumptions and results for FR1
Simulation results on FR1 PDSCH slot aggregation are presented below for MCS13/16/19, based on the following simulation assumptions agreed in [1] and [2]:
· TDD pattern: 7D1S2U, S=6D: 4G: 4U for 30 kHz SCS.
· Propagation condition: TDLA30-10
· SCS & CBW: 
· FDD: 15 kHz & 10 MHz
· TDD: 30 kHz & 40 MHz
· PDSCH configuration: Mapping type A, symbol length 12, starting symbol 2.
· Antenna configuration: 2x2 and 2x4, ULA low
· Target BLER: 1%
· Target Confidence level: 99%
· BLER is calculated after all transmission
· Max number of HARQ transmissions: 4
· PDSCH aggregation level
· 2 for FDD and TDD
· 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
· TRS configuration: 20 ms periodicity, 2 slots, Offset 10 ms
· SSB configuration: Periodicity 20 ms, Allocated in first slot within 20ms
· PRB bundling: 2
· Precoding model: Random Precoding, per slot, PRB bundling granularity (codebook configuration Single panel Type 1)
· Receiver type: MMSE-IRC
· 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.
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Figure 1 SNR - BLER curve for FR1 FDD
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               Figure 2 SNR - BLER curve for FR1 TDD

Table 1 SNR at 1% BLER target for FR1 FDD
	MCS
	SNR @ 1% BLER mark [dB]

	
	2Rx 
(ideal)
	2Rx
(impairment)
	4Rx
 (ideal)
	4Rx
(impairment)

	13
	-3.66
	-2.66
	-8.34
	-7.34

	16
	-1.37
	-0.37
	-6.24
	-5.24

	19
	0.17
	1.17
	-4.47
	-3.47



Table 2 SNR at 1% BLER target for FR1 TDD
	MCS
	SNR @ 1% BLER mark [dB]

	
	2Rx 
(ideal)
	2Rx
(impairment)
	4Rx
 (ideal)
	4Rx
(impairment)

	13
	-3.84
	-2.84
	-8.41
	-7.41

	16
	-1.36
	-0.36
	-6.21
	-5.21

	19
	0.41
	1.41
	-4.34
	-3.34



Simulation assumptions and results for FR2
We have simulated with the following simulation assumptions for FR2 PDSCH slot aggregation. 
· TDD pattern: DDSU
· AL = 2
· Propagation condition: TDLA30-75, TDLA30-300
· SCS & CBW
· 120kHz & 100MHz
· MCS: {13, 16, 19} from table 3
· PDSCH configuration: Mapping type A, symbol length 13, starting symbol 1.
· DMRS configuration: Type 1, 1 additional DMRS, Single symbol
· Antenna configuration 2x2, ULA low
· Target BLER 1%
· Scheduling for PDSCH:
· No scheduling in D slot i, where mod(i,160) = 0 and mod(i, 160) = 1, and S slots
· PTRS on
· Overhead for TBS determination: 6
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Figure 3 SNR - BLER curve for FR2 TDD

Table 3 SNR at 1% BLER target for FR2 TDD
	Channel Model
	MCS
	SNR @ 1% BLER mark [dB]

	
	
	(ideal)
	(impairment)

	TDLA30-75
	13
	-5.44
	-4.44

	
	16
	-3.27
	-2.27

	
	19
	-1.62
	-0.62

	TDLA30-300
	13
	-6.63
	-5.63

	
	16
	-4.4
	-3.4

	
	19
	-3.01
	-2.01


PDSCH mapping type B and processing capability 2 
Simulation assumptions and results for FR1
Our simulation results are based on the following simulation assumptions agreed in [1] and [2]:
· Slots to be scheduled:
· FDD: All DL slots with K1=0
· TDD: S slots with K1=0
· Starting symbol: 2
· Symbol length: 2
· Slot aggregation level: 1
· Max number of HARQ transmissions: 1
· Verify PDSCH processing capability 2 and type B mapping together
· SCS/CBW:
· FDD: 15 KHz/10 MHz
· TDD: 30 KHz/ 40 MHz
· TDD pattern (30KHz SCS): DDDSU, S=10:2:2 
· Number of HARQ process: 2 for FDD and TDD
· Channel model: TDLA30-10
· Antenna configuration: 2x2 and 2x4, ULA Low.
· MCS: MCS 4
· Number of RBs: Full bandwidth
· PDSCH symbol length for FDD and TDD: 2os
· Test metrics: 70% throughput
· SSB configuration: Periodicity 20 ms, Allocated in first slot within 20ms
· PRB bundling: 2
· Precoding model: Random Precoding, per slot, PRB bundling granularity (codebook configuration Single panel Type 1)
· Receiver type: MMSE-I
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Figure 4 Throughput curve for FR1 FDD
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                Figure 5 Throughput curve for FR1 TDD

Table 4 70% Throughput results for FR1 FDD
	MCS
	SNR @ 70% TP mark [dB]

	
	2Rx 
(ideal)
	2Rx
(impairment)
	4Rx
 (ideal)
	4Rx
(impairment)

	4
	-0.82
	0.18
	-4.11
	-3.11



Table 5 70% Throughput results for FR1 TDD
	MCS
	SNR @ 70% TP mark [dB]

	
	2Rx 
(ideal)
	2Rx
(impairment)
	4Rx
 (ideal)
	4Rx
(impairment)

	4
	-1.02
	-0.02
	-4.5
	-3.5



Simulation assumptions and results for FR2
Our simulation is based on the following simulation assumptions agreed in [1]:
· SCS/CBW: 120 kHz/100 MHz
· TDD pattern: DDDSU with S = 10D:2G:2U
· Scheduling: No PDSCH in slot 0 within 20 ms
· MCS: {MCS4} from table 1.
· Max number of HARQ transmissions: 1
· Number of HARQ process: 8
· Antenna configuration: 2x2, ULA low
· Channel model: 
· Option 1: TDLA30-75
· PTRS on
· Overhead for TBS determination: 6
· Test metrics: 70% throughput
· PDSCH Configuration: Start symbol 1, Symbol length 7
· DMRS configuration: Type 1, 1 additional DMRS, Single symbol
Furthermore, for the PTRS configurations, we propose to use the same RAN4 PDSCH FR2 common test parameters:
· PTRS configuration: Frequency density (KPT-RS) 2, Time density (LPT-RS) 1, resource element offset 2
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Figure 6 Throughput curve for FR2 TDD

Table 6 70% Throughput results for FR2 TDD
	
	SNR @ 70% TP mark [dB]

	
	ideal
	impairment

	MCS4 TDLA30-75
	-3.54
	-2.54



PDSCH pre-emption
Simulation assumptions and results for FR1
URLLC PDSCH pre-emption performance test is only defined for FR1. The simulations are based on the following simulation assumptions provided in [1] and [2]:
· SCS/CBW: 15kHz/10MHz for FDD and 30kHz/40Mhz for TDD
· TDD UL-DL pattern: 7D1S2U with S=6D: 4G: 4U
· Time frequency set: 14x1
· Number of symbols to be pre-empted: 2
· Starting symbol to be pre-empted: 3
· Aggregation level: 1
· Maximum number of HARQ transmissions: 4
· Maximum number of HARQ process: 4 for FDD and 8 for TDD
· Antenna Configuration: 2x2 and 2x4, ULA low
· DMRS configuration: Type 1, 1 additional DMRS, Single symbol
· Pre-emption probability
· Option 1: 10% within 1 radio frame
· Option 2: 20% within 1 radio frame
· Pre-emption sheduling: Fixed scheduling
· Number of pre-empted symbols: Only 2os
· eMBB MCS 
· Option 1: MCS13 in Table 1
· Option 2: MCS4 in Table 1
· Test metric: 70% of max T-put
· TRS configuration: 20 ms periodicity, 2 slots, Offset 10 ms
· SSB configuration: Periodicity 20 ms, Allocated in first slot within 20ms
· PRB bundling: 2
· Precoding model: Random Precoding, per slot, PRB bundling granularity (codebook configuration Single panel Type 1)
· Receiver type: MMSE-IRC
· 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
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Figure 7 Throughput curve for FDD with no PI detection and HARQ buffer flushing
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Figure 8 Throughput curve for FDD with HARQ buffer flushing

Table 7 SNR at 70% Throughput target for FDD
	MCS
	Pre-emption probability
	
Number of Rx
	SNR @ 70% throughput mark [dB]

	
	
	
	No HARQ buffer Flushing
	With HARQ buffer Flushing

	4
	10%
	2Rx (ideal)
	-2.28
	-2.27

	
	
	2Rx (impairment)
	-1.28
	-1.27

	
	
	4Rx (ideal)
	-6.22
	-6.22

	
	
	4Rx (impairment)
	-5.22
	-5.22

	
	20%
	2Rx (ideal)
	-1.84
	-1.86

	
	
	2Rx (impairment)
	-0.84
	-0.86

	
	
	4Rx (ideal)
	-5.81
	-5.82

	
	
	4Rx (impairment)
	-4.81
	-4.82

	13
	10%
	2Rx (ideal)
	4.72
	4.43

	
	
	2Rx (impairment)
	5.72
	5.43

	
	
	4Rx (ideal)
	0.92
	0.48

	
	
	4Rx (impairment)
	1.92
	1.48

	
	

20%
	2Rx (ideal)
	4.96
	4.69

	
	
	2Rx (impairment)
	5.96
	5.69

	
	
	4Rx (ideal)
	1.13
	0.74

	
	
	4Rx (impairment)
	2.13
	1.74
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Figure 9 Throughput curve for TDD with no PI detection and HARQ buffer flushing
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Figure 10 Throughput curve for TDD with HARQ buffer flushing

Table 8 SNR at 70% Throughput target for TDD
	MCS
	Pre-emption probability
	
Number of Rx
	SNR @ 70% throughput mark [dB]

	
	
	
	No HARQ buffer Flushing
	With HARQ buffer Flushing

	4
	10%
	2Rx (ideal)
	-2.14
	-2.05

	
	
	2Rx (impairment)
	-1.14
	-1.05

	
	
	4Rx (ideal)
	-6.26
	-6.22

	
	
	4Rx (impairment)
	-5.26
	-5.22

	
	20%
	2Rx (ideal)
	-2.07
	-2.06

	
	
	2Rx (impairment)
	-1.07
	-1.06

	
	
	4Rx (ideal)
	-6.2
	-6.18

	
	
	4Rx (impairment)
	-5.2
	-5.18

	13
	10%
	2Rx (ideal)
	5.54
	5.64

	
	
	2Rx (impairment)
	6.54
	6.64

	
	
	4Rx (ideal)
	1.15
	1.18

	
	
	4Rx (impairment)
	2.15
	2.18

	
	

20%
	2Rx (ideal)
	5.99
	5.74

	
	
	2Rx (impairment)
	6.99
	6.74

	
	
	4Rx (ideal)
	1.81
	1.25

	
	
	4Rx (impairment)
	2.81
	2.25



Conclusion
In this contribution, we’ve summarized simulation results for different UE URLLC features defined for FR1 and FR2.
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