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[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 FR1
Background 
The agreements and remaining open issues of #96 e-meeting for PUSCH FR1 high reliability are listed below:
Agreements:
· PUSCH aggregation factor for TDD 15 kHz SCS with pattern DDDSU: Configure n2 for FDD and n8 for TDD 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, while for FDD a value of n2 is necessary.
· RV sequence with 4 HARQ transmission：{0,3,0,3} with note 
· Note: The effective RV sequence is {0,2,3,1} with slot aggregation

Open issues:
· Applicability rule for FDD and TDD
· Option 1: The requirement with PUSCH aggregation level n8 for TDD with 15 KHz SCS can be applied with FDD or TDD 30 KHz SCS with PUSCH aggregation level n2.
· Option 2: The requirements for PUSCH with aggregation for 15kHz can be tested either by configuring n8 and the DDDSU TDD pattern or by configuring FDD with aggregation level n2. 
· Whether to clarify the safety statement
· Option 1: No need to specify any safety statements in specification
· Option 2: Yes
· Option 1a: 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
· Option 1b: If the URLLC features of 5G NR would be used in safety or mission critical applications, the ultimately chosen statistical testing methodology for testing of these features must be verified by an independent body of experts/statisticians. It is also important to bear in mind that the demodulation requirements do not take account of all aspects of system operation (for example RF, transmitter, internal interfaces, higher layer protocol software etc.).
Discussion 
Applicability rule for FDD and TDD
As the RV for 15kHz TDD with n8 and 30KHz FDD with n2 is the same, only one requirement needs to be specified for both. Then the applicability rule can be defined as:
The requirements for PUSCH with aggregation for 15kHz TDD can be tested by configuring aggregation factor is n8 for DDDSU or configuring aggregation factor is n2 for 30kHz FDD.   
Proposal 1: Applicability rule of PUSCH repetition over multiple slots for FDD and TDD: The requirements for PUSCH with aggregation for 15kHz TDD can be tested by configuring aggregation factor is n8 for DDDSU or configuring aggregation factor is n2 for 30kHz FDD.

Whether to clarify the safety statement:
We do not think RAN4 has the safety duty for any demodulation requirements.
Proposal 2: No need to specify any safety statements in specification.

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
· Test applicability rule for FR1 and FR2: If BS declare to support both FR1 and FR2, the tests shall be done both.
· Antenna configuration: 1x2, ULA low
· SCS/BW for FR2: 60 kHz/50MHz, 120 kHz/ 50MHz
· Mapping type: Type B
· MCS: MCS5 from table 3
· Start symbol: 0
· Symbol length: 10 
· DM-RS Type: Type 1
· DM-RS duration: Single-symbol DM-RS
· Bandwidth allocation: Full bandwidth
· Maximum number of HARQ re-transmissions: 4
· Test metric: 1% BLER (Calculated after all re-transmissions)

Open issues:
· TDD pattern
· Option 1: DDDSU, S=10:2:2 
· Option 2: DSUU, S=12:2
· Aggregation factor for TDD
· Option 1: n8 for DDDSU
· Option 2: n2 for DSUU
· Option 3: n8 for DDDSU with note 
· Note: The testing can be performed with a different TDD pattern
· Channel model
· Option 1: TDLA30-300 Low
· Option 2: TDLA30-75
· DM-RS
· Option 1: 1+0 and 1+1. 
· Option 2: 1+1
Discussion 
	Parameter
	Value

	Frequency range
	FR2

	Transform precoding
	Disabled

	Antenna configuration
	1x2, ULA Low

	PUSCH configuration
	Mapping type
	Type B

	
	Starting symbol (S) 
	0

	
	Length (L)
	10

	
	PUSCH aggregation factor
	TBD

	PUSCH DMRS configuration
	DMRS Type
	Type 1

	
	DMRS duration
	Single-symbol DM-RS

	
	Number of additional DMRS
	1

	Propagation condition
	TBD

	MCS Table
	Table 3, MCS 5

	SCS and BW
	60 kHz for 50 MHz/100 MHz
120 kHz for 50 MHz/100 MHz

	Frequency domain resource
	Full Bandwidth

	TDD pattern 
	TBD

	Maximum number of HARQ transmissions
	4

	Testing metric
	Target BLER:  10-2
(Calculate the target BLER after all transmission)



TDD pattern and aggregation factor:
For FR2 TDD pattern, we prefer DDDSU. Although TDD pattern of DSUU keeps the repetition continuously, DDDSU is more commonly used in practical network. Similarly with FR1 15kHz TDD requirements, the aggregation factor can be configured to n8 to guarantee there are 2 repetitions.
Proposal 3: We propose to configure DDDSU for FR2 PUSCH repetition over multiple slots performance requirements.

Channel model:
TDLA30-300 Low is used for FR2 QPSK in Rel-15. We preference is to reuse the exiting configuration. We do not see the necessary to change it.
Proposal 4: We propose to use TDLA30-300 Low as the configuration for FR2 PUSCH repetition over multiple slots performance requirements.

DM-RS
With PUSCH symbol length of 10, DM-RS configuration of 1+1 should be configured from the reliability respective. 
Proposal 5: We propose to configure DM-RS 1+1 for symbol length of 10.  

SCS/BW:
60 kHz/120 kHz for 50MHz has been agreed during the last meeting. We propose to also define 100MHz for both of 60 kHz/120 kHz as 100 MHz is most used in practical network for FR2. We would like to define the test requirements to guarantee the performance. An applicability rule can be defined for different SCS and BW: 
· Only 1 SCS and 1 BW need to be tested based on the base station declaration.
Proposal 6: Define 60 kHz/120 kHz for 50 MHz and 100 MHz as SCS and bandwidth for FR2 PUSCH repetition over multiple slots performance requirements.
Proposal 7: Define applicability rule for different SCS and BW: Only 1 SCS and 1 BW need to be tested based on the base station declaration.
Low latency:
FR2 URLLC demodulation requirements for PUSCH mapping Type B
Background 
According to the WF [1] and the final version of chairman notes from the last meeting, the parameters for URLLC PUSCH performance requirements mapping Type B were all agreed. Finally, the symbol length was agreed to 2os with MCS10 from table 3 configured. The agreements and the open issues of #95 e-meeting are listed below:
Agreements:
· Test applicability rule for FR1 and FR2 if both are supported by BS: Tests shall be done for both, and only 1 SCS will be tested for each frequency band with test applicability rule.
· SCS/CBW for FR2: 60kHz/50 MHz, 120 kHz/ 50 MHz
· TDD pattern: DDDSU, S=10:2:2
· Aggregation factor for TDD: n1
· Channel model：TDLA30-300
· Antenna configuration：1x2, ULA low
· Bandwidth allocation：Full bandwidth
· Maximum number of HARQ re-transmissions: 1
· DM-RS Type: Type 1
· DM-RS duration: Single-symbol DM-RS
· Start symbol: 0
· Test metric: 70% TP
· Section numbers and title for TS38.104: (TS 38.141-1/2 will follow the agreements.)
· 8.2.6 Requirements for PUSCH 0.001% BLER
· 8.2.7 Requirements for PUSCH repetition Type A
· 8.2.8 Requirements for PUSCH mapping Type B with non-slot transmission
· FRC numbers in Annex A for TS38.104: (TS38.141-1 and TS38.141-2 will follow the agreements.)
· A.3A Fixed Reference Channels for performance requirements (QPSK, R=99/1024)
· A.3B Fixed Reference Channels for performance requirements (QPSK, R=308/1024)
Open issues:
· MCS
· Option 1: MCS10 from table 3
· Option 2: MCS 5 or MCS 2 from table 3
· DM-RS
· Option 1: 1+0 and 1+1.
· Option 2: 1+0 
· Option 3: 1+1 if symbol length larger than 4 
· Symbol length
· Option 1: 2
· Option 2: 4
· Option 3: 7

Discussion
	Parameter
	Value

	Frequency range
	FR2

	Transform precoding
	Disabled

	Antenna configuration
	1x2, low

	SCS and BW
	60 kHz for 50 MHz/100 MHz
120 kHz for 50 MHz/100 MHz

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	1

	Time domain resource assignment
	PUSCH mapping type
	Type B

	
	Start symbol
	0 

	
	Allocation length
	7 

	
	PUSCH aggregation factor
	1

	TDD pattern
	3D1S1U, S=10:2:2

	MCS Table
	Table 3, MCS 5

	Propagation condition
	TDLA30-300 Low

	Maximum number of HARQ transmissions
	1

	Frequency domain resource assignment
	Full bandwidth

	Test metric
	70% TP 


Table 2-1 Simulation assumption for FR2 PUSCH mapping Type B
SCS/BW:
Similar with test cases for high reliability, 60 kHz/120 kHz for 50MHz has been agreed to be configured for FR2 mapping Type B during the last meeting. We propose to also define 100MHz for both of 60 kHz/120 kHz as 100 MHz is most used in practical network for FR2. We would like to define the test requirements to guarantee the performance. An applicability rule can be defined for different SCS and BW: 
· Only 1 SCS and 1 BW need to be tested based on the base station declaration.
Proposal 8: Define 60 kHz/120 kHz for 50 MHz and 100 MHz as SCS and bandwidth for FR2 PUSCH mapping Type B performance requirements.
Proposal 9: Define applicability rule for different SCS and BW: Only 1 SCS and 1 BW need to be tested based on the base station declaration.

Symbol length and DM-RS:
[bookmark: _GoBack]As symbol length of 2 is defined for FR1, symbol length of 7 can be specified for FR2 with DM-RS of 1+1. Based on the parameters listed in table 2-2, the performance is simulated with MCS5 from table 3. The results is shown in R4-2015619, the SNR is about -7.1dB for 60 kHz/50 MHz and -7.8dB for 60 kHz/100 MHz. With implemented value added, the SNR values can be specified for this test case.
Proposal 10: We propose symbol length of 7 for FR2 PUSCH mapping Type B.
Proposal 11: We propose DM-RS is 1+1 for FR2 PUSCH mapping Type B.
Proposal 12: We propose to configure MCS5 from table 3 for FR2 PUSCH mapping Type B.

Rel-16 URLLC BS features
Background:
Open issues:
· Features need to be discussed
· PUSCH repetition type B
· Inter-UE multiplexing
· Other features not precluded.
· Whether to define performance requirements for PUSCH repetition type B
· Option 1: Yes
· Option 2: No
· Whether to define performance requirements for Inter-UE multiplexing
· Option 1: Yes
· Option 2: No
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 13: 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 7. Thus, 2 repetitions can be configured within one slot. The proposed parameters are listed in table below:
Proposal 14: 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)
	7

	
	PUSCH aggregation factor
	n2

	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)


Table 3-1 Simulation assumption for FR1 PUSCH repetition Type B

Inter-UE multiplexing
For inter-UE UL multiplexing, the cancellation indication (CI) is defined to notice eMBB UE that the scheduled RBs are pre-empted by URLLC UE and eMBB UE can cancel the data transmission. From demodulation perspective, we do not think there is any new features. Thus there is no need to define the performance requirements for the inter-UE multiplexing.
Proposal 15: No need to define the performance requirements for inter-UE multiplexing.

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: Applicability rule of PUSCH repetition over multiple slots for FDD and TDD: The requirements for PUSCH with aggregation for 15kHz TDD can be tested by configuring aggregation factor is n8 for DDDSU or configuring aggregation factor is n2 for 30kHz FDD.
Proposal 2: No need to specify any safety statements in specification.
Proposal 3: We propose to configure DDDSU for FR2 PUSCH repetition over multiple slots performance requirements.
Proposal 4: We propose to use TDLA30-300 Low as the configuration for FR2 PUSCH repetition over multiple slots performance requirements.
Proposal 5: We propose to configure DM-RS 1+1 for symbol length of 10.  
Proposal 6: Define 60 kHz/120 kHz for 50 MHz and 100 MHz as SCS and bandwidth for FR2 PUSCH repetition over multiple slots performance requirements.
Proposal 7: Define applicability rule for different SCS and BW: Only 1 SCS and 1 BW need to be tested based on the base station declaration.

Low latency:
Proposal 8: Define 60 kHz/120 kHz for 50 MHz and 100 MHz as SCS and bandwidth for FR2 PUSCH mapping Type B performance requirements.
Proposal 9: Define applicability rule for different SCS and BW: Only 1 SCS and 1 BW need to be tested based on the base station declaration.
Proposal 10: We propose symbol length of 7 for FR2 PUSCH mapping Type B.
Proposal 11: We propose DM-RS is 1+1 for FR2 PUSCH mapping Type B.
Proposal 12: We propose to configure MCS5 from table 3 for FR2 PUSCH mapping Type B.

Rel-16 features:
Proposal 13: PUSCH repetition type B performance requirements should be specified.
Proposal 14: Parameters 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)
	7

	
	PUSCH aggregation factor
	n2

	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)



Proposal 15: No need to define the performance requirements for inter-UE multiplexing.
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