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High reliability
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper, URLLC BS PUSCH demodulation requirements for high reliability with BLER target of 10^-2 and low latency are discussed. 
PUSCH demodulation requirements for FR2
Background 
The agreements and remaining open issues of #96 e-meeting for PUSCH FR2 high reliability are listed below:
Agreements:
· Test applicability rule for FR2 for different SCS: Only 1 SCS need to be tested
· Waveform: CP-OFDM
· TDD pattern: DDDSU, S=10:2:2 
· Aggregation factor for TDD: n8 for DDDSU with note 
· Note: The intention of this configuration is to have two effective transmissions of the transport block. To achieve this for the standard TDD pattern captured in this table, a value of n8 is necessary.
· Applicability rule for TDD with different UL-DL patterns: The same requirements are applicable to TDD with different UL-DL patterns and different aggregation factor configurations under assumption that two effective transmissions of the transport block are generated.
· Channel model: TDLA30-300 Low
· DM-RS: 1+1
· HARQ process number: 4 
· RV sequence for 4 HARQ re-transmission: {0,3,0,3} with note 
· Note: The effective RV sequence is {0,2,3,1} with slot aggregation
· SCS/BW: Both of 60 kHz and 120 kHz for both of 50 MHz and 100 MHz with applicability rule.
· Applicability rule: Only 1 SCS and 1 BW need to be tested based on the base station declaration and if there is no requirement for the declared BS bandwidth then the next lower requirement bandwidth is used.
· No PTRS
Discussion 
Based on the agreed parameters, performance of 60 kHz and 120 kHz for 50 MHz and 100 MHz were simulated. We propose the implemented SNR value of -12.1 dB for 60 kHz/50 MHz, -13.3 dB for 60 kHz/100 MHz, -11.8 dB for 120 kHz/50 MHz and -12.6 dB for 120 kHz/100 MHz.
Proposal 1: For FR2 PUSCH high reliability with higher BLER performance requirements, we propose the implemented SNR value of -12.1 dB for 60 kHz/50 MHz, -13.3 dB for 60 kHz/100 MHz, -11.8 dB for 120 kHz/50 MHz and -12.6 dB for 120 kHz/100 MHz.
Low latency:
FR2 URLLC demodulation requirements for PUSCH mapping Type B
Background 
According to the WF [1], the parameters for URLLC PUSCH performance requirements mapping Type B were all agreed. Finally, the symbol length was agreed to 4os with MCS5 from table 3 configured. The agreements and the open issues of #97 e-meeting are listed below:
Agreements:
· Waveform: CP-OFDM only
· Maximum HARQ re-transmission: 1 
· No PTRS
· SCS/BW: Both of 60 kHz and 120 kHz for both of 50 MHz and 100 MHz with applicability rule.
· Applicability rule: Only 1 SCS and 1 BW need to be tested based on the base station declaration and if there is no requirement for the declared BS bandwidth then the next lower requirement bandwidth is used.
· Symbol length: 4
· DM-RS: 1+0 for symbol length of 4
· MCS: MCS5 from Table 3 

Discussion
According to the agreed parameters, performance of 60 kHz and 120 kHz for 50 MHz and 100 MHz were simulated. Based on the simulation results, we propose the implemented SNR value of -3.9 dB for 60 kHz/50 MHz, -5.6 dB for 60 kHz/100 MHz, -4.8 dB for 120 kHz/50 MHz and -5.6 dB for 120 kHz/100 MHz.
Proposal 2: For FR2 PUSCH Mapping Type B performance requirements, we propose the implemented SNR value of -3.9 dB for 60 kHz/50 MHz, -5.6 dB for 60 kHz/100 MHz, -4.8 dB for 120 kHz/50 MHz and -5.6 dB for 120 kHz/100 MHz.

Rel-16 URLLC BS features
Background:
Open issues:
· Whether to define performance requirements for PUSCH repetition type B
· Postpone the decision in next RAN4 meeting, and till Dec 2020 focused on Rel-15 test cases open issues.
· Whether to define performance requirements for Inter-UE multiplexing
· Agreement: Do not define the performance requirement for inter-UE multiplexing as no demodulation impact is expected.
Discussion:
PUSCH mini-slot repetitions
In Rel-15, PUSCH performance requirements with aggregation factor of n2 is defined. In Rel-16, PUSCH mini-slot repetition was introduced and named as PUSCH repetition type B. The PUSCH repetition in Rel-15 is named as PUSCH repetition type A. The main difference between type A and type B is that the latter one can cross the slot boundary and the repetition can happened within one slot, then the transmission latency is decreased. As this is a new feature, a performance requirement is needed to be specified to evaluate the performance.
Proposal 3: PUSCH repetition Type B performance requirements should be specified.
Parameters for PUSCH repetition Type B
Most of the parameters for PUSCH repetition Type A can be reused for Type B, except symbol length and mapping type. We propose to configure symbol length to 4 with 4 repetitions, thus, the performance of cross slot boundary can be specified. The proposed parameters are listed in table below:
Proposal 4: We propose the parameters listed in table below for PUSCH repetition Type B:
	Parameter
	Value

	Frequency range
	FR1

	Transform precoding
	Disabled

	Antenna configuration
	1x2, ULA Low

	PUSCH configuration
	Mapping type
	 Type B

	
	Starting symbol (S) 
	0

	
	Length (L)
	4

	
	PUSCH aggregation factor
	n4

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	DMRS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	1

	Propagation condition
	TDLB100-400

	MCS Table
	Table 3, [MCS 5]

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

	Frequency domain resource
	Full Bandwidth

	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
(Calculate the target BLER after all transmission)



Proposals 
By discussing the open issues for URLLC BS PUSCH performance requirements for high reliability and low latency, we have following proposal:
High reliability:
Proposal 1: For FR2 PUSCH high reliability with higher BLER performance requirements, we propose the implemented SNR value of -12.1 dB for 60 kHz/50 MHz, -13.3 dB for 60 kHz/100 MHz, -11.8 dB for 120 kHz/50 MHz and -12.6 dB for 120 kHz/100 MHz.

Low latency:
Proposal 2: For FR2 PUSCH Mapping Type B performance requirements, we propose the implemented SNR value of -3.9 dB for 60 kHz/50 MHz, -5.6 dB for 60 kHz/100 MHz, -4.8 dB for 120 kHz/50 MHz and -5.6 dB for 120 kHz/100 MHz.

Rel-16 features:
Proposal 3: PUSCH repetition Type B performance requirements should be specified.
Proposal 4: We propose the parameters listed in table below for PUSCH repetition Type B:
	Parameter
	Value

	Frequency range
	FR1

	Transform precoding
	Disabled

	Antenna configuration
	1x2, ULA Low

	PUSCH configuration
	Mapping type
	 Type B

	
	Starting symbol (S) 
	0

	
	Length (L)
	4

	
	PUSCH aggregation factor
	n4

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	DMRS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	1

	Propagation condition
	TDLB100-400

	MCS Table
	Table 3, [MCS 5]

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

	Frequency domain resource
	Full Bandwidth

	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
(Calculate the target BLER after all transmission)
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