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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RAN4 has agreed that the BLER target 10^-5 and the higher BLER target will be discussed separately when introduce URLLC BS PUSCH demodulation requirements for high reliability, the higher BLER target was discussed on #94 meeting and 10^-2 was agreed as the BLER target. The PUSCH demodulation requirements for high reliability with target BLER 10^-2 are discussed in this paper. From #94 e-meeting discussion results, some agreements for FR1 were made [1]:
Agreement:
· Target BLER : 1%
· Target confidence level: 99%
· Calculate the target BLER after all transmission if HARQ activated.
· Number of HARQ transmission: 4
· MCS: MCS 5 in table 3
· Waveform: CP-OFDM
· TDD pattern: 
· 15kHz SCS: 3D1S1U, S=10D: 2G: 2U
· 30kHz SCS: 7D1S2U, S=6D: 4G: 4U 
· Symbol length is 14 with starting symbol 0
· DM-RS configuration: Type 1 with single-symbol: 1+1
· Antenna configuration: 1x2, low
· Propagation condition: TDLB100-400
· Mapping Type: Type A and B with test applicability rule defined.
· SCS&BW for FR 1
· 10MHz/15kHz
· 40MHz/30kHz
· Other sets are not precluded
According to the WF [1], some open issues are remained for FR1:
Open issues:
· PUSCH aggregation level
· Option 1: 2
· Option 2: 4 
· Option 3: 2, 4  
· Option 3: 8 
· Number of PRBs
· Option 1: 25 
· Option 2: Full bandwidth
· Option 3: Other options not precluded (depending on bandwidth set)
· Whether to introduce DFT-s-OFDM: 
· Option 1: No 
· Option 2: Yes 
· Issue 4: Safety critical aspects: 
· Proposals 
· Proposal 11: If high reliability will be tested with BLER metric, add the following note to the test specification: “Note that this test procedure will only provide an indication to a certain confidence level that the target reliability requirements are likely to be satisfied, and it is assumed that for critical applications further testing would be done to ensure suitability of the equipment for the intended application.” (Nokia)
· Since the URLLC features of 5G NR will potentially be used in safety critical applications, the ultimately chosen statistical testing methodology for testing of these features must be verified by an independent body of experts/statisticians, before requirements and test can be used as basis for safety critical implementations. All statistical analysis and discussions provided in this meeting are to be taken as a best effort and is not to be taken as due diligence. (Nokia)
· Option 1: Need to be clarified in 3GPP specification. 
· Option 2: No need to be clarified in 3GPP specification. 
The above issues relate to FR1, there are also some open issues will be discussed for FR2:
· Whether to define BS FR2 URLLC performance requirements for high reliability
· Option 1: Do not define 
· Option 2: Define. 
· Test applicability rule for FR1 and FR2 performance requirements if both requirements are defined
· Option 1: Based on BS declaration of support FR1 or FR2 
· Option 2:  If BS supports both FR1 and FR2, the performance requirements for both FR1 and FR2 should be tested 
· SCS&BW for FR2 if FR2 will be defined
· 60kHz SCS
· Option 1: 50/100MHz 
· Option 2: No test 
· Option 3: 50 MHz 
· 120kHz SCS
· Option 1: 50/100/200MHz 
· Option 2: No test 
· Option 3: 100 MHz 
In this paper, the remained open issues are discussed and our views are provided.
Open issues discussion for FR1 
PUSCH aggregation level
PUSCH repetition is the key feature to improve the reliability for URLLC. At this stage, we are defining the performance requirements for multi-segment transmission. The number of repetition relies on the number of consecutive available slots. As TDD pattern ‘7D1S2U’ for 30 kHz SCS was agreed by RAN4, we propose AL=2 for PUSCH.  As RAN4 are trying to align the performance requirements for TDD and FDD for uplink, by configuring the maximum number of HARQ transmission to 4, the reliability can be guaranteed.   
Proposal 1: We propose PUSCH aggregation level is 2.
Number of PRBs
Regarding to the allocated number of PRBs, it is related to the data packet size of URLLC use cases. According to the TR 38.824, use cases listed in Table 2.2-1 were identified to be considered. The data packet sizes are different from 32 bytes to 10K bytes for uplink.
Table 2.2-1: Representative use cases for Rel-16 NR URLLC evaluation [2]
	Use case
	Reliability (%)
	Data packet size

	Power distribution
	99.9999
	DL & UL: 100 bytes

	
	99.999
	DL & UL: 250 bytes

	Factory automation
	99.9999
	DL & UL: 32 bytes

	Rel-15 enabled use case (AR/VR)
	99.999
	DL & UL: 32 and 200 bytes

	
	99.9
	DL & UL: 4096 and 10K bytes

	Transport industry
	99.999 (with 5 ms end to end latency)
	DL & UL: 2083 and 5220 bytes

	
	99.999 (with 10 ms end to end latency)
	DL & UL: 1370 bytes



For uplink SCS and bandwidth, 30kHz/40MHz & 15kHz/10MHz were agreed in RAN4 #94 e-meeting, along with the agreements of PUSCH configuration, DM-RS configuration and coding rate of 99/1024, the maximum payloads in a slot are 180 bytes for 15kHz SCS and 366 bytes for 30kHz SCS. By considering all the use cases above, we propose to use full bandwidth for frequency domain allocation. 
Proposal 2: Use full bandwidth for frequency domain allocation.
Whether to introduce DFT-s-OFDM: 
At current stage, we do not see any use cases using DFT-s-OFDM. We propose to define performance requirements only for CP-OFDM.
Proposal 3: No need to define performance requirements for DFT-s-OFDM.
Safety critical aspects: 
The whole URLLC system safety can only be ensured by considering many aspects and not only the demodulation performances, RAN4 just focus on the demodulation performance from physical layer features designed for URLLC and not a verification body, it is hard to capture such concern in 3GPP specification.
Proposal4: RAN4 does not need to clarify the safety statement.

Performance simulation for FR1
Based on the discussion above, the simulation parameters for BS PUSCH performance requirements can be conclude in the table below:
Table 3-1: Parameters for BS PUSCH performance requirements
	Parameter
	Value

	Frequency range
	FR1

	Transform precoding
	Disabled

	Antenna configuration
	1x2, Low

	Number of Rx
	2

	Antenna configuration
	ULA low

	PUSCH configuration
	Mapping type
	Type A and Type B

	
	Starting symbol (S) 
	0

	
	Length (L)
	14

	
	PUSCH aggregation factor
	2

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	Number of additional DMRS
	1

	Propagation condition
	TDLB100-400 Low

	MCS Table
	Table 3, MCS 5

	SCS and BW
	15 kHz / 10 MHz
30 kHz / 40 MHz

	Frequency domain resource
	Full BW

	TDD pattern 
	 15 kHz SCS: 3D1S1U, S=10:2:2
30 kHz SCS: 7D1S2U, S=6:4:4

	Maximum number of HARQ transmissions
	4

	Testing metric
	Target BLER:  10-2



Simulation result for FDD
Based on the parameters listed in Table 3-1, the BLER vs SNR curves for FDD with aggregation levels of 2 and 4 are shown in figure below. 
[image: ]
Figure 3.1-1: BLER vs SNR for PUSCH FDD (AL=2, 4)
Figure 3.1-1 shows that the SNR value is about -12.5 dB when aggregation level is 4. The SNR value is about -9.5 when aggregation level is 2.

Simulation result for TDD
Based on the parameters listed in Table 3-1, the BLER vs SNR curve is shown in figure below. 
[image: ]
Figure 3.2-1: BLER vs SNR for PUSCH TDD (AL=2)
Figure 3.1-1 shows that the SNR value is around -8.8dB with target BLER=0.01.
Whether to define BS FR2 URLLC performance 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 4-1: 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 5: No need to define BS FR2 URLLC performance requirements for high reliability.
Proposals 
By discussing the open issues for URLLC BS PUSCH performance requirements for high reliability, we have following proposals:
Proposal 1: We propose PUSCH aggregation level is 2.
Proposal 2: Use full bandwidth for frequency domain allocation.
Proposal 3: No need to define performance requirements for DFT-s-OFDM.
Proposal 4: RAN4 does not need to clarify the safety statement.
Proposal 5: No need to define BS FR2 URLLC performance requirements for high reliability.
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BLER vs SNR for PUSCH FDD with different aggregation level
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BLER vs SNR for PUSCH TDD with aggregation level
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