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1. Introduction
In RAN4 #94bis-e, WF on NR URLLC BS performance requirements was approved [1]. 
In this contribution, we provide our views on BS performance requirements for high-reliability and low-latency.
2.	Discussion
2.1	High-reliability test 
2.1.1	Aggregation level
Regarding PUSCH aggregation level, the following options were agreed. 
	RAN4#94bis-e [1]
· PUSCH aggregation factor
· 15 kHz TDD with pattern DDDSU: 
· Option 1: n2
· Option 2: n8



The motivation of this test is to verify the functionality of PUSCH slot-based aggregation. Considering agreed TDD patterns DDDSU for 15kHz SCS, at least 2 UL slots aggregation is required and n8 is configurable and reasonable to verify the functionality of aggregation.
Proposal 1: For high-reliability test, configure aggregation level n8 for 15kHz SCS (Option 2).
2.1.2	Channel bandwidth and number of RBs
Regarding channel bandwidth and number of RBs, the following options were agreed. 
	RAN4#94bis-e [1]
· 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



The comparison of test availability between option 1 and 2 is shown in table 1.
Table 1: Comparison of test availability between Option 1 and 2
	Supported SCS/CBW 
(NR FR1 for 15/30kHz SCS)
	Test availability

	SCS
	CBW
	Option 1
	Option 2

	15kHz
	5 MHz
	Available
	Not available

	
	10 MHz
	Available
	Available

	
	15 MHz
	Available
	Available

	
	20 MHz
	Available
	Available

	
	25 MHz
	Available
	Available

	
	30 MHz
	Available
	Available

	
	40 MHz
	Available
	Available

	
	50 MHz
	Available
	Available

	30kHz
	10 MHz
	Available
	Not available

	
	15 MHz
	Available
	Not available

	
	20 MHz
	Available
	Not available

	
	25 MHz
	Available
	Not available

	
	30 MHz
	Available
	Not available

	
	40 MHz
	Available
	Available

	
	50 MHz
	Available
	Available

	
	60 MHz
	Available
	Available

	
	70 MHz
	Available
	Available

	
	80 MHz
	Available
	Available

	
	90 MHz
	Available
	Available

	
	100 MHz
	Available
	Available



According to Table 1, if Option 2 is adopted, URLLC requirements for some CBW/SCS (i.e., 5MHz for 15kHz, 10/15/20/25/30MHz for 30kHz) are not available and cannot be tested. In Rel-15, the requirements for minimum channel bandwidth for each SCS were introduced to avoid such a limitation. In order to allow BS to support any CBW, RAN4 should introduce URLLC requirements for minimum CBW for each SCS.
In Rel-16 URLLC, we cannot agree on Option 2 unless the issue that some CBW/SCS cannot be tested is solved.
Proposal 2:	For FR1, define high-reliability requirements with 15 KHz for 5/10 MHz and 30 KHz for 10/40 MHz (Option 1).
2.1.3	Whether to define requirements for FR2
Regarding FR2 requirements, the following options were agreed. 
	RAN4#94bis-e [1]
· 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 some use case for URLLC, both high-reliability and low-latency are required (e.g., VR/AR, factory automation). As mentioned in section 2.2.3, FR2 has an advantage on low-latency due to shorter symbol length than FR1. On the other hand, some companies provided concerns from the reliability perspective in the last meeting. Considering test coverage, it might be better to introduce the requirements for high-reliability for both FR1 and FR2 but we also need to consider the feasibility of FR2. Therefore, if there is no feasibility concern, we prefer to define high-reliability requirement for FR2.
[bookmark: _GoBack]Proposal 3: Introduce high-reliability requirements for FR2 if there is no feasibility concern (Option 2).
In Rel-15, no applicability rule for FR was introduced, which means that the applicable test depends on supported FR.
Proposal 4: For high-reliability, both FR1 and FR2 should be tested for BS that supports both FR1 and FR2 (Option 2).
For channel bandwidth, the similar discussion as section 2.1.2. Therefore, at least minimum channel bandwidth should be defined.
Proposal 5: For FR2, define high-reliability requirements with 60 KHz for 50/100 MHz and 120 KHz for 50/100 MHz (Option 2).

2.2	Low-latency test
2.2.1	Symbol length
Regarding symbol length, the following options were agreed. 
	RAN4#94bis-e [1]
· Symbol length
· Option 1: 4os 
· Option 2: 7os



For low-latency requirements, the following TDD patterns for FR1 were already agreed.
· 15kHz SCS: 3D1S1U, S=10D: 2G: 2U
· 30kHz SCS: 7D1S2U, S=6D: 4G: 4U 
Considering TDD pattern for 30 kHz SCS, PUSCH with 4os can be configured to S slot. Hence, symbol length 4os is more typical assumption based on agreed TDD patterns. Therefore, we propose to adopt 4os symbol length.
Proposal 6: Adopt 4os for low-latency requirements (Option 1).

2.2.2	Channel bandwidth and number of RBs
Regarding channel bandwidth and number of RBs, the following options were agreed. 
	RAN4#94bis-e [1]
· 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



The same discussion as high-reliability test in section 2.1.2.
Proposal 7:	For FR1, define low-latency requirements with 15 KHz for 5/10 MHz and 30 KHz for 10/40 MHz (Option 1).
2.2.3	Whether to define requirements for FR2
For requirements for FR2, the following options were agreed. 
	RAN4#94bis-e [1]
· Whether to define requirements for FR2
· Option 1: No 
· Option 2: Yes
· Test applicability rule for FR1 and FR2 (only if FR2 is agreed)
· Option 1: Only FR1 or FR2 will be tested based on BS declaration. 
· Option 2: Both FR1 and FR2 should be tested for BS that supports both FR1 and FR2. 
· Option 3: Which tests related to FR1 and FR2 be tested shall be based on BS declaration: [FR1], [FR2], [FR1&FR2]
· SCS/CBW for FR2 (only if FR2 is agreed)
· 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 the last meeting, it was discussed whether to introduce URLLC requirements for FR2, but no consensus was reached. 
We prefer to introduce the PUSCH performance requirements for low-latency from the following reasons.
First of all, we would like to share the objective of this WI.  According to the agreed WID, it was explicitly described to consider both FR1 and FR2 as below:
	4.1	Objective of SI or Core part WI or Testing part WI
The objective of this work item is to specify enhancements to URLLC (Ultra Reliable Low Latency Communications), considering both FR1 and FR2 as well as TDD and FDD. The objectives follow the recommendations of the study item on physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC), which are described in section 9.2 in TR 38.824. In addition, handling of scenario 1 and scenarios 3 for intra-UE multiplexing is included in the objectives. 




Based on the above description, RAN1 specified URLLC features including both FR1 and FR2. In order to follow the plenary decision and the objective, RAN4 should consider defining the performance requirements to verify the URLLC features in FR2. Even though RAN1 specified URLLC features for FR2 based on the objective, URLLC is not available without the performance requirements for FR2.
Observation 1: According to WID, the objective includes considering both FR1 and FR2.
Secondary, from physical design perspective, FR2 TDD has an advantage of shorter symbol length than FR1 TDD, and which is beneficial for low-latency communication. 
Observation 2: FR2 TDD has an advantage on low-latency due to shorter symbol length than FR1 TDD.
Finally, there is no feasibility issue on PUSCH mapping type B. BS performance requirements for FR2 PUSCH mapping type B with 10os was introduced and is available from Rel.15. Therefore, there is no concern on the feasibility of FR2 PUSCH mapping type B. 
Observation 3: FR2 PUSCH requirements for mapping type B were introduced in Rel-15 and there is no feasibility concern.
From Observation 1 - 3, it is reasonable to define FR2 requirements for low-latency. 
Proposal 8: Introduce low-latency PUSCH requirements for FR2 (Option 2).
In Rel-15, no applicability rule for FR was introduced, which means that the applicable test depends on supported FR.
Proposal 9: For low-latency, Both FR1 and FR2 should be tested for BS that supports both FR1 and FR2 (Option 2).
For channel bandwidth, the similar discussion as section 2.1.2. Therefore, at least minimum channel bandwidth should be defined.
Proposal 10: For FR2, define low-latency requirements with 60 KHz for 50/100 MHz and 120 KHz for 50/100 MHz (Option 2).
3.	Conclusion
In this contribution, we provide views on BS demodulation requirements for URLLC. The following proposals are obtained.
For high-reliability test:
Proposal 1: For high-reliability test, configure aggregation level n8 for 15kHz SCS (Option 2).
Proposal 2:	For FR1, define high-reliability requirements with 15 KHz for 5/10 MHz and 30 KHz for 10/40 MHz (Option 1).
Proposal 3: Introduce high-reliability requirements for FR2 if there is no feasibility concern (Option 2).
Proposal 4: For high-reliability, both FR1 and FR2 should be tested for BS that supports both FR1 and FR2 (Option 2).
Proposal 5: For FR2, define high-reliability requirements with 60 KHz for 50/100 MHz and 120 KHz for 50/100 MHz (Option 2).

For low-latency test:
Proposal 6: Adopt 4os for low-latency requirements (Option 1).
Proposal 7:	For FR1, define low-latency requirements with 15 KHz for 5/10 MHz and 30 KHz for 10/40 MHz (Option 1).
Observation 1: According to WID, the objective includes considering both FR1 and FR2.
Observation 2: FR2 TDD has an advantage on low-latency due to shorter symbol length than FR1 TDD.
Observation 3: FR2 PUSCH requirements for mapping type B were introduced in Rel-15 and there is no feasibility concern.
Proposal 8: Introduce low-latency PUSCH requirements for FR2 (Option 2).
Proposal 9: For low-latency, Both FR1 and FR2 should be tested for BS that supports both FR1 and FR2 (Option 2).
Proposal 10: For FR2, define low-latency requirements with 60 KHz for 50/100 MHz and 120 KHz for 50/100 MHz (Option 2).
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