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Introduction
In the previous RAN4 meeting way forward on NR URLLC BS performance requirements was approved [1]. In this paper we provide our view on remaining open issues.
Discussion on Rel-15 URLLC features
FR1 high reliability requirements
In the previous RAN4 meeting, the following agreements were reached on FR1 test design for high reliability verification:
	· [bookmark: _Hlk36804612]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
· 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. 


Simulation results
In Figure 1 we provide simulation results for different channel bandwidth/SCS combinations and PUSCH mapping types. Summaries of alignment and impairment results are presented in Table 1 and Table 2, respectively.

	5 MHz, 15 kHz

	10 MHz, 15 kHz


	10 MHz, 30 kHz

	40 MHz, 30 kHz


	[bookmark: _Ref47681481]Figure 1. PUSCH results for FR1 high reliability requirements.


[bookmark: _Ref47681493][bookmark: _Ref47708413]
[bookmark: _Ref53857071]Table 1. Summary of alignment simulation results for FR1 high reliability requirements
	
	5 MHz, 15 kHz
	10 MHz, 15 kHz
	10 MHz, 30 kHz
	40 MHz, 30 kHz

	
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD

	PUSCH mapping Type A
	-9.0
	-8.9
	-9.6
	-9.6
	-9.8
	-9.6
	-10.1
	-9.9

	PUSCH mapping Type B
	-9.0
	-8.9
	-9.5
	-9.5
	-9.8
	-9.5
	-10.1
	-9.8


[bookmark: _Ref47681502]
[bookmark: _Ref53769002]Table 2. Summary of impairment simulation results for FR1 high reliability requirements
	
	5 MHz, 15 kHz
	10 MHz, 15 kHz
	10 MHz, 30 kHz
	40 MHz, 30 kHz

	
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD
	FDD
	TDD

	PUSCH mapping Type A
	-7.5
	-7.4
	-8.1
	-8.1
	-8.3
	-8.1
	-8.6
	-8.4

	PUSCH mapping Type B
	-7.5
	-7.4
	-8.0
	-8.0
	-8.3
	-8.0
	-8.6
	-8.3



Applicability rule for FDD and TDD
From Table 1 we can observe that SNR operation points are rather close for FDD and TDD cases for 15 kHz SCS. Based on our understanding, the following applicability rule provide the clearer description: “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”. Therefore, we propose to use such applicability rule for FR1 PUSCH high reliability requirements definition.
Proposal 1:	Use the following applicability rule for FR1 PUSCH high reliability requirements definition: 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
FR1 PUSCH mapping Type B requirements
In the RAN4 #95-e meeting, all test parameters for FR1 PUSCH Type B requirements were agreed. In Figure 2 we provide simulation results for different channel bandwidth/SCS combinations. Summary of alignment and impairment results are presented in Table 3.
	5 MHz, 15 kHz

	10 MHz, 15 kHz


	10 MHz, 30 kHz

	40 MHz, 30 kHz


	[bookmark: _Ref47708588]Figure 2. PUSCH results for FR1 mapping Type B requirements.



[bookmark: _Ref47708688]Table 3. Summary of results for FR1 mapping Type B requirements.
	
	5 MHz, 15 kHz
	10 MHz, 15 kHz
	10 MHz, 30 kHz
	40 MHz, 30 kHz

	Alignment results
	-1.0
	-1.5
	-1.2
	-1.3

	Impairment results
	0.5
	0.0
	0.3
	0.2



FR2 high reliability requirements
In the previous RAN4 meeting the following agreements were reached on FR2 high reliability requirements
	· 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 


In the previous meeting TDD pattern DDDSU with aggregation factor n8 was agreed for TDD scenarios with 15 kHz SCS. Also, from results in Section 2.1 we can observe that SNR point is very close for FDD scenario with n2 and TDD scenarios with n8. Based on this, we think that requirements can be defined for DDDSU TDD UL/DL pattern and aggregation factor n8. In addition, the following applicability rule can be added: “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”
TDLA30-300 is the typical model for Rel-15 BS demodulation requirements and can be considered for definition of FR2 BS High reliability requirements
Rel-15 FR2 PUSCH requirements are defined for DMRS configuration 1+0 and 1+1 to ensure operation under different DMRS configurations. Same time, purpose of this test is to verify repetition support for FR2 scenarios. Therefore, using of one DMRS configuration is sufficient from testing point of view.
Proposal 2:	Use the following assumptions for FR2 BS High reliability requirements:
· TDD UL/Dl pattern: DDDSU with S=10D:2G:2U
· Aggregation factor = n8
· Applicability rule: 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
· DMRS configuration: 1+1
· Channel model: TDLA30-300
FR2 PUSCH mapping Type B requirements
In the previous RAN4 meeting the following agreements were reached on FR2 PUSCH mapping Type B requirements
	· [bookmark: _Hlk53825404]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 


PUSCH with 2 symbol duration is considered for FR1 requirements. We suggest to define FR2 requirements for scenarios with 2 or 4 symbol duration.
MCS 10 from Table 3 is used for similar type of FR1 requirements. We suggest to reuse this assumption.
As for DMRS configuration, we have the similar view as for FR2 high reliability requirements. One DMRS configuration is sufficient from testing point of view. Therefore, we propose to use 1+0 option taking into account our proposal of PUSCH duration 
Proposal 3:	Use the following assumptions for FR2 PUSCH mapping Type B requirements:
· PUSCH configuration: Mapping Type B, Start symbol 0, Duration 2 or 4.
· MCS 10 from Table 3
· DMRS 1+0
Discussion on Rel-16 URLLC features
In the previous RAN4 meeting the following agreements were reached on requirements for Rel-16 URLLC features
	· 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 


From WID [2], we can observe that the following UL-related enhancements are considered for Rel-16 URLLC:
	· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]
· UL cancelation scheme (see section 7.2.1 in TR 38.824) 
· Enhanced UL power control scheme (see section 7.2.2 in TR 38.824)  
· [bookmark: OLE_LINK2]Specification of enhanced UL configured grant transmission [RAN1, RAN2]
· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Note: V2X use cases are also considered 


One of the PUSCH Rel-16 URLLC enhancements is PUSCH repetition Type B. In comparison to PUSCH repetition Type A, it allows to have PUSCH mapping for repeated transmission is different from initial transmission. Therefore, we think that it is rather important to verify that BS support this feature.
[bookmark: _GoBack]Another potential feature for UL requirements definition is UL cancelation scheme. In general, the main idea of this feature is rather same as DL pre-emption, i.e. part of started PUSCH transmission can be interrupted in favour of transmission of more important packet. Same time, in comparison to DL pre-emption, it is up to BS scheduling decision whether to request retransmission of cancelled transmission and make combining of non-cancelled PUSCH part and they retransmissions. Therefore, we think that definition of requirements to verify UL cancelation is not required.
The third feature is enhanced UL configured grant transmission. Based on our understanding, this feature cannot be verified by demodulation requirements. Therefore, definition of requirements for this feature is not required.
Proposal 4:	Define Rel-16 URLLC BS demodulation requirements to verify PUSCH repetition Type B.
Proposal 5:	Do not define Rel-16 URLLC BS demodulation requirements to verify enhanced inter UE Tx prioritization/multiplexing and enhanced UL configured grant transmission.
Conclusion
In this paper we provided view on URLCC BS performance requirements and made the following proposals:
Proposal 1:	Use the following applicability rule for FR1 PUSCH high reliability requirements definition: 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
Proposal 2:	Use the following assumptions for FR2 BS High reliability requirements:
· TDD UL/Dl pattern: DDDSU with S=10D:2G:2U
· Aggregation factor = n8
· Applicability rule: 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
· DMRS configuration: 1+1
· Channel model: TDLA30-300
Proposal 3:	Use the following assumptions for FR2 PUSCH mapping Type B requirements:
· PUSCH configuration: Mapping Type B, Start symbol 0, Duration 2 or 4.
· MCS 10 from Table 3
· DMRS 1+0
Proposal 4:	Define Rel-16 URLLC BS demodulation requirements to verify PUSCH repetition Type B.
Proposal 5:	Do not define Rel-16 URLLC BS demodulation requirements to verify enhanced inter UE Tx prioritization/multiplexing and enhanced UL configured grant transmission.
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