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Introduction
In the WF from RAN4#95-e [1], UE demodulation performance test cases were agreed for the following NR UE URLLC features with higher BLER requirement respectively: PDSCH slot aggregation; PDSCH pre-emption; PDSCH mapping type B and PDSCH capability 2. In this paper we provide with our simulation results, and views on the simulation assumptions for these functionality tests.  
Simulation results and discussion
Slot aggregation
Simulation assumptions
The following simulation assumptions were agreed in WF[1] for PDSCH Slot Aggregation:
· 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
Furthermore, the simulations are also configured based on the following proposed assumptions in [2]:
· 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 remaining open issues are:
· 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)
Simulation results
Simulation results for FDD and TDD are given below based on the above simulation assumptions and the FRC provided in table 3-1 and 3-3 in [2].
2.1.2.1 Simulation results for FDD
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Figure 1 SNR - BLER curve for FDD

Table 1 SNR at 1% BLER target for 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



2.1.2.2 Simulation results for TDD
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Figure 2 SNR - BLER curve for TDD

Table 2 SNR at 1% BLER target for 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


Observations and Proposals
We noticed that the maximum throughputs given in the FRC tables 3-1 and 3-3 in [2], are not adjusted according to the aggregation factor, which is 2 in the agreed test scenarios. From our understanding, throughput is determined by the number of bits of each correctly received packet, rather than the number of bits of each transmission repetition. With an aggregation factor of 2, the maximum throughput is half of that without any aggregation. 
Observations 1: The maximum throughput needs to be adjusted according to aggregation factor in table 3-1 and table 3-2 in [2].
The simulation results show that in both FDD and TDD cases, for 4Rx, the SNR operating points at 1% BLER target with MCS13/16 are too low to be defined as PDSCH demodulation requirements. The ideal SNR is about -4dB with MCS19, therefore we have the following proposals:
Proposal 1: Select an MCS which gives higher or equal to -4 dB for final 4 Rx requirement definition (average ideal SNR alignment result + IM)
Proposal 2: Configure MCS 19 for slot aggregation test 

PDSCH mapping type B and PDSCH capability 2
Simulation assumptions
The following configurations were agreed in WF[1] to define URLLC UE performance requirements for PDSCH mapping type B and PDSCH capability 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: 
· FDD: 2
· TDD
· Option 1: 2
· Option 2: 4 processes and PDSCH scheduling with HARQ index 3 
· Channel model: TDLA30-10
· Antenna configuration: 2x2 and 2x4, ULA Low.
· MCS: 
· Option 1: Only MCS 4
· Option 2: Only MCS 17
· Option 3: MCS 4 and MCS 17
· Number of RBs: 
· Full bandwidth only for MCS4
· FFS for MCS17
· PDSCH symbol length for FDD and TDD
· 2os
· Test metrics: 70% throughput
Furthermore, the simulations are also configured based on the following proposed assumptions in [2]:
· 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

Simulation results and proposals
Based on the simulation assumptions above, the simulation results are provided in 2.2.1 and 2.2.2 for FDD and TDD, correspondingly. 
To illustrate and compare performance with similar maximum throughput, different RB allocation sizes for different MCS are configured, as given in Table1, in our simulations.
Table 3 MCS and PRBs scheduled for simulations
	MCS
	4
	17

	# PRB – FDD 15KHz SCS
	52
	12

	# PRB – TDD 30kHz SCS
	106
	24



We think the use cases of PDSCH mapping type B transmission and PDSCH capability 2 are not only for URLLC UEs at cell edges with low MCS transmissions, but also for covering higher MCS transmissions closer to the cell and with good channel conditions. Furthermore, from an overall network resource utilization and capacity point of view, if a UE is scheduled with a higher MCS and fewer PRBs to achieve similar transport block size, PRBs could be freed up to be scheduled for other UEs, the spectral efficiency and network capacity could then be improved.
[bookmark: _Hlk37173065]Proposal 3: Configure both MCS4 and MCS17 for PDSCH mapping type B transmission and PDSCH capability 2 tests, to cover variable realistic deployment scenarios, for both FDD and TDD.
2.2.2.1 FDD
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Figure 3 Throughput curve for 2OS FDD case

Table 4 70% Throughput results for 2OS FDD case
	MCS
	SNR @ 70% TP mark [dB]

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

	4
	-0.82
	0.18
	-4.11
	-3.11

	17
	10.3
	11.3
	6.15
	7.15


2.2.2.2 TDD
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Figure 4 Throughput curve for 2OS TDD case

Table 5 70% Throughputresults for 2OS TDD case
	MCS
	SNR @ 70% TP mark [dB]

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

	4
	-1.02
	-0.02
	-4.5
	-3.5

	17
	10.4
	11.4
	6.12
	7.12


Pre-emption
Simulation assumptions
The simulations are based on the following simulation assumptions proved 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
Simulation results and proposals
Simulation results for FDD and TDD are given below based on the above simulation scenarios. Simulations without HARQ buffer flushing are also performed to provide with a baseline benchmark. SNR values at 70% of the maximum throughput are summarized for each simulation scenario.
FDD
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Figure 5 Throughput curve for FDD with no PI detection and HARQ buffer flushing
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Figure 6 Throughput curve for FDD with HARQ buffer flushing

Table 6 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



Observation 2: For FDD, the SNR operating points for 70% maximum throughput with MCS4 and 4Rx are too low to be defined as PDSCH demodulation requirements.
We think it provides with sufficient test coverage to define the eMBB UE demodulation requirement tests only with 10% pre-emption probability. If pre-emption occurs more than 10% during a radio frame, then it could be more realistic to schedule Type B transmission rather than using the pre-emption feature.
Proposal 4: Only configure 10% pre-emption probability for pre-emption tests

TDD
[image: ]
Figure 7 Throughput curve for TDD with no PI detection and HARQ buffer flushing
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Figure 8 Throughput curve for TDD with HARQ buffer flushing

Table 7 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



Observation 3: For TDD, the SNR operating points for 70% maximum throughput with MCS4 and 4Rx are too low to be defined as PDSCH demodulation requirements.
Proposal 5: Configure MCS13 for pre-emption tests.
For the same reason as given for FDD, we propose to only test pre-emption with 10% scheduling probability.
FR2 URLLC feature testing
In WF from #95-e [1]. FR2 URLLC requirements on Slot aggregation, and Type B mapping were set to FFS. In this section we evaluate these two features for FR2 UE demodulation requirements. 
Slot aggregation
For FR2 the already existing eMBB requirements specify two TDD patterns; DDDSU, and DDSU correspondingly. As previously discussed in RAN4 the aggregation factor should align with the TDD pattern in order to match transport block sizes, and the aggregation factor. Thus, we prefer configuring AL=2, and TDD pattern DDSU will be the most suitable configuration for FR2 Slot aggregation test.
· TDD pattern: DDSU
· AL = 2
· Propagation condition: TDLA30-75, TDLA30-300
· SCS & CBW
· 120kHz & 100MHz
· MCS: {13, 16, 19}
· PDSCH configuration: Mapping type A, symbol length 13, starting symbol 1.
· Antenna configuration 2x2, ULA low
· Target BLER 1%
· Scheduling for PDSCH:
· No scheduling in D slot I, where mod(i,80) = 0, and S slots
· PTRS on
· Overhead for TBS determination: 6
[image: ]
Figure 3 Slot aggregation BLER curve FR2
Table 3 FR2 1% BLER target results
	Channel Model
	MCS
	SNR @ 1% BLER mark [dB]

	
	
	(ideal)
	(impairment)

	TDLA30-75
	13
	-0.46
	0.54

	
	16
	0.86
	1.86

	
	19
	2.36
	3.36

	TDLA30-300
	13
	-3.34
	-2.34

	
	16
	-2.13
	-1.13

	
	19
	-0.48
	0.52


In this section we provide simulations and results for FR2 slot aggregation feature.
Proposal 6: Specify FR2 Slot aggregation test case
Proposal 7: Configure FR2 Slot aggregation with TDLA30-300, MCS19, TDD pattern DDSU, 100MHz/120kHz
 PDSCH mapping Type B
For FR2 eMBB Rel-15 demodulation requirements we have already specified requirements for with Type A PDSCH, yet there is no Type B mapping requirement. Inherently in FR2 the subcarrier spacing, and slot duration makes it already suitable for low latency use cases. Yet there does not exist any Type B mapping requirements. 
In FR1 URLLC We specify demodulation requirements with Type B mapping together with PDSCH processing capability 2. For FR2, there does not exist a UE processing capability 2. However, since there does not exist any Type B mapping requirements in FR2 we think Type B mapping should be specified. For PDSCH processing capability 2 it was agreed in FR1 to test TDD with only allocating data on the special slot and set K1 = 0. If we decide to specify Type B requirements in FR2 we’re not restricted to verify the processing time. Thus, we can specify Type B requirements similarly to Rel-15 eMBB FR2 demodulation requirements.
Observation 4: There is no processing capability 2 for FR2, thus there is no need to restrict data scheduling to the special slot.
Proposal 7: Specify PDSCH Type B mapping in FR2
Conclusion
In this contribution, we’ve summarized simulation results for different UE URLLC features and have the following observations and proposals:
Slot aggregation:
Observations 1: The maximum throughput needs to be adjusted according to aggregation factor in table 3-1 and table 3-2 in [2].
Proposal 1: Select an MCS which gives higher or equal to -4 dB for final 4 Rx requirement definition (average ideal SNR alignment result + IM)
PDSCH mapping type B and capability 2:
Proposal 2: Configure MCS 19 for slot aggregation test 
Proposal 3: Configure both MCS4 and MCS17 for PDSCH mapping type B transmission and PDSCH capability 2 tests, to cover variable realistic deployment scenarios, for both FDD and TDD.
Pre-emption:
Observation 2: For FDD, the SNR operating points for 70% maximum throughput with MCS4 and 4Rx are too low to be defined as PDSCH demodulation requirements.
Observation 3: For TDD, the SNR operating points for 70% maximum throughput with MCS4 and 4Rx are too low to be defined as PDSCH demodulation requirements.
Proposal 4: Only configure 10% pre-emption probability for pre-emption tests
Proposal 5: Configure MCS13 for pre-emption tests.
FR2 Slot aggregation:
Proposal 6: Specify FR2 Slot aggregation test case
Proposal 7: Configure FR2 Slot aggregation with TDLA30-300, MCS19, TDD pattern DDSU, 100MHz/120kHz
PDSCH mapping Type B:
Observation 4: There is no processing capability 2 for FR2, thus there is no need to restrict data scheduling to the special slot.
Proposal 7: Specify PDSCH Type B mapping in FR2
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