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Background
When considering the high reliability of URLLC PDSCH performance requirements, RAN4 agreed to test the ultra-low BLER target (10^-5) and a higher BLER target separately. In this paper, the higher BLER target test is discussed. From #94 e-meeting discussion results, the higher BLER target of 10^-2 was agreed. Based on the agreements on #94 e-meeting, most of the parameters have been decided and open issues will be analysed.  The agreements and open issues are listed below:
Agreement
· TDD pattern: 7D1S2U, S=6D: 4G: 4U for 30 kHz SCS.
· MCS: MCS 5 in table 3.
· 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
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According to the WF [1], two open issues are remained:
· Whether to define UE FR2 URLLC requirements for high reliability
· PDSCH aggregation level
· FDD
· Option 1: 4 
· Option 2: 8 
· Option 3: 2 
· TDD
· Option 1: 4 
· Option 2: 2 
In this paper, open issues are discussed based on the agreed parameters. Our proposals are given.
Discussion 
Whether to define UE FR2 URLLC requirements for high reliability
From current deployment request, FR2 is not a common use case for URLLC. For the link level evaluation studies from RAN1, the common carrier frequency for different use cases is 4 GHz and 700 MHz. The following table lists some sources:
Table 2.1-1: Carrier frequency for URLLC use cases
	Use case
	Carrier frequency for evaluation
	Source 

	Electrical power distribution
	4 GHz
	R1-1901248, R1-1900077, R1-1901350

	
	700 MHz
	R1-1901352

	Factory automation
	4 GHz
	R1-1901555, R1-1903400, R1-1903447

	Rel-15 enabled use case 
	4 GHz
	R1-1900079, R1-1903451, R1-1903451, R1-1901250

	
	700 MHz
	R1-1901250

	Transport industry
	4 GHz
	R1-1901247, R1-1900080, R1-1901351

	
	700 MHz
	R1-1901553, R1-1900238



At this stage, we think it is better to focus on FR1 firstly and deprioritize FR2.
Proposal 1: No need to define UE FR2 URLLC requirements for high reliability. 
PDSCH aggregation level
Regarding to the aggregation level, K= [2, 4, 8] are supported. K= 8 is not the typical use case for URLLC. Between K=2 and K=4, we prefer the aggregation level is 4 as it ensures the high reliability of the transmission. Based on the agreed and proposed parameters, PDSCH performance with different aggregation levels for TDD and FDD were simulated. 
· FDD
Table below illustrates the simulation parameters for FDD: 
Table 2.2-1: Test parameters for UE PDSCH FDD performance requirements
	Parameter
	Value

	Frequency range
	FR1

	Duplex mode
	FDD

	Antenna configuration
	2x2 and 2x4, ULA low

	PDSCH configuration
	Mapping type
	Type A

	
	Starting symbol (S) 
	2

	
	Length (L)
	12

	
	PDSCH aggregation factor
	4

	PDSCH DMRS configuration
	DMRS Type
	Type 1

	
	Number of additional DMRS
	1

	CSI-RS configuration
	Periodicity and offset
	5 slots, 0 slots

	
	Number of ports
	2

	
	Frequency domain allocation
	Row3, ‘000001

	
	First OFDM symbol in time domain
	7

	
	Cdm Type
	CDM2

	
	Density
	1

	Maximum number of HARQ transmission
	4

	Propagation condition
	TDLA30-10

	MCS Table
	Table 3, MCS 5

	SCS and BW
	15KHz & 10MHz

	Frequency domain resource
	Full BW

	Testing metric
	Target BLER:  1%



The simulation results with antenna configuration 2x2 (a) and 2x4 (b) are shown in Figure 2.2-1.
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(a) Antenna configuration 2x2                                                                (b) Antenna configuration 2x4
Figure 2.2-1: PDSCH performance with different aggregation level
With higher aggregation level, the PDSCH can achieve better performance. The SNR values with aggregation level = 2, 4 and 8 when BLER=0.01 for 2x2 and 2x4 are shown in table below:
Table 2.2-2: SNR values for PDSCH FDD performance requirements
	Antenna configuration
SNR
AL

	2x2
	2x4

	2
	-2.8
	-9.3

	4
	-6.1
	-10.8

	8
	-11.6
	N/A



· TDD
Table below illustrates the simulation parameters for TDD, as the aggregation level for TDD relates to the TDD pattern, so K=2 and 4 are simulated here:
Table 2.2-3: Test parameters for PDSCH TDD performance requirements
	Parameter
	Value

	Frequency range
	FR1

	Duplex mode
	TDD

	Antenna configuration
	2x2 and 2x4, ULA low

	PDSCH configuration
	Mapping type
	Type A

	
	Starting symbol (S) 
	2

	
	Length (L)
	12

	
	PDSCH aggregation level
	4 

	PDSCH DMRS configuration
	DMRS Type
	Type 1

	
	Number of additional DMRS
	1

	CSI-RS configuration
	Periodicity and offset
	5 slots, 0 slots

	
	Number of ports
	2

	
	Frequency domain allocation
	Row3, ‘000001

	
	First OFDM symbol in time domain
	7

	
	Cdm Type
	CDM2

	
	Density
	1

	Maximum number of HARQ transmission
	4

	Propagation condition
	TDLA30-10

	MCS Table
	Table 3, MCS 5

	SCS and BW
	30KHz & 40MHz

	Frequency domain resource
	Full BW

	TDD pattern 
	7D1S2U (S=6:4:4)

	Testing metric
	Target BLER:  1%



The simulation results with antenna configuration 2x2 (a) and 2x4 (b) are shown in Figure 2.2-2.
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(a) Antenna configuration 2x2                                             (b) Antenna configuration 2x4
Figure 2.2-2: PDSCH performance with different aggregation level 2, 4 
The SNR values with aggregation level = 2, 4 when BLER=0.01 for 2x2 and 2x4 are shown in table below:
Table 2.2-4: Test parameters for PDSCH TDD performance requirements
	Antenna configuration
SNR
AL

	2x2
	2x4

	2
	-3.8
	-9.9

	4
	-9.9
	-13.6



Proposal 2: We propose the aggregation level is 4.
Proposal 
In this paper, the requirements for PDSCH demodulation performance are defined. Proposals are listed below:
Proposal 1: No need to define UE FR2 URLLC requirements for high reliability. 
Proposal 2: We propose the aggregation level is 4.
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BLER vs SNR for PDSCH FDD with different aggregation level (Rx=4)
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