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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. In this paper, the PUSCH demodulation requirements for high reliability with target BLER 10^-2 are discussed. From #94bis e-meeting discussion results, some agreements for FR1 were made and there are still some open issues:
Agreements:
· PUSCH aggregation factor: n2 for TDD 30 kHz SCS with TDD pattern 7DS2U.
· Number of PRBs: Full bandwidth.
· SCS/CBW: 15 kHz for 10 MHz, 30 kHz for 40 MHz
· Test applicability for different SCS and channel bandwidth: Reuse the test applicability rules defined for NR Rel-15 PUSCH performance requirements
· Not define requirements with DFT-s-OFDM
· Whether to define requirements for FR2: Keep it open meanwhile prioritize discussion on introducing FR1 requirements in Q2; and interested companies are encouraged to bring more information and analysis for the deployment/usage scenarios in FR2 with ultra-low BLER and/or higher BLER for high reliability and low latency
Open issues:
· PUSCH aggregation factor
· 15 kHz TDD with pattern DDDSU: 
· Option 1: n2
· Option 2: n8
· SCS/CBW (15 KHz/10 MHz, 30 KHz/40 MHz have been agreed)
· Option 1: 15 KHz for 5/10 MHz, 30 KHz for 10/40 MHz
· Option 2: Only 15 KHz/10 MHz, 30 KHz/40 MHz
· Whether to clarify the safety statement
· Option 1: No
· Option 2: Yes
· 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
· Whether to define requirements for FR2
· Option 1: No 
· Option 2: Yes
· Test applicability rule for FR1 and FR2 (only if FR2 is defined)
· Option 1: If BS supports both FR1 and FR2, the tests shall be done for either FR1 or FR2
· Option 2: If BS supports both FR1 and FR2, the tests shall be done both
· Option 3: Which tests related to FR1 and FR2 be tested shall be based on BS declaration: [FR1], [FR2], [FR1&FR2]
· SCS/BW for FR2 (only if FR2 is defined)
· 60 KHz:
· Option 1: 50 MHz 
· Option 2: 50 MHz and 100 MHz 
· 120 KHz
· Option 1: 100 MHz 
· Option 2: 50 MHz and 100 MHz In this paper, the remained open issues are discussed and our views are provided.
In this paper, the simulation results are provided for PUSCH high reliability.
Simulation
Simulation assumption
According to the WF [1], the test parameters according to the agreements of #94 and #94bis e-meeting are concluded in table below:
Table 2-1: Parameters for BS PUSCH performance requirements for high reliability
	Parameter
	Value

	Frequency range
	FR1

	Transform precoding
	Disabled

	Antenna configuration
	1x2, ULA Low

	PUSCH configuration
	Mapping type
	Type A and Type B

	
	Starting symbol (S) 
	0

	
	Length (L)
	14

	
	PUSCH aggregation factor
	n2 for 30 kHz SCS
FFS 15 kHz SCS

	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)



Simulation result
· TDD
Based on the parameters listed in Table 2-1, the BLER vs SNR curve for TDD pattern “7D1S2U” is shown in figure below. 
[image: ]
Figure 2-1: BLER vs SNR for PUSCH TDD pattern “7D1S2U”
Figure 2-1 shows that the SNR value is around -8.5dB with target BLER=0.01.
Discussion
· PUSCH aggregation factor for 15 kHz TDD with pattern DDDSU: 
Firstly, we do not think it is a practical scenario in real network to configure n8 for TDD pattern of DDDSU. We do not think this is a good idea to verify the repetition functionality regardless the practical use case. Secondly, if n8 is configured for “DDDSU”, the delay between two repetitions is too large. Although this test is for high reliability, but we still need to consider the latency for the real use cases. 
Proposal 1: PUSCH aggregation factor of n2 for 15 kHz TDD with pattern “DDDSU”.
Proposals 
By discussing the open issues for URLLC BS PUSCH performance requirements for high reliability, we have following proposal:
Proposal 1: PUSCH aggregation factor of n2 for 15 kHz TDD with pattern “DDDSU”.
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