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1. Introduction
In RAN4 #94, WF on NR URLLC were approved [1, 2]. 
In this contribution, we provide our views on BS performance requirements for URLLC.
2.	Discussion
2.1	Ultra-low BLER test (10e-5 BLER)
2.1.1	Whether to define requirements for FR2
With respect to whether to define requirements for FR2, the following options were agreed. 
	RAN4 #94
· Requirements and tests for FR2:
· Option 1: Create requirements for FR2. No explicit applicability rule needed. 
· Option 2: Create requirements for FR2 with applicability rule Proponents of option 2 please clarify what applicability rule you propose
· Option 3: Do not create requirements for FR2



Whether to introduce FR2 requirements is still under discussion. From a low-latency perspective, the FR2 TDD band has an advantage compared to FR1 TDD bands since the slot size is shorter than FR1. Some URLLC use cases require both high reliability and low latency features (e.g., factory automation). In these use cases, in addition to low latency, the FR2 may require high reliability features. Therefore, we prefer option 2 to ensure the performance of both FR1 and FR2. For applicable rules, our proposal can be found in section 2.1.5.
Proposal 1: For ultra-high BLER (10e-5 BLER) tests, introduce requirements for FR2.
2.1.2	TDD pattern
Regarding TDD pattern, the following options were agreed. 
	RAN4 #94
· TDD patterns for BS
· Proposals FR1
· Option 1: 3D1S1U (S=10:2:2) for 15kHz, 7D1S2U (S=6:4:4) for 30kHz
· Option 2: SU or DSUU 



In Rel.15, one TDD pattern per SCS was defined as below: 
· 15 kHz SCS (FR1): 3D1S1U (S=10:2:2)
· 30 kHz SCS (FR1): 7D1S2U (S=6:4:4)
· 60 kHz SCS (FR2): 3D1S1U (S=10:2:2)
· 120 kHz SCS (FR2): 3D1S1U (S=10:2:2)

These TDD patterns were used for simulation assumptions and were captured as default test parameters in TS 38.141-1 / 2. According to the applicability rule for TDD patterns, BS vendors can declare supported TDD patterns and can choose one from them for the actual test parameters. For Rel.16 URLLC requirements, same principles and applicability rules can be used. The default TDD patterns can be captured in TS 38.141-1/2 assuming the same patterns as normal PUSCH requirements. Therefore, we propose the following TDD pattern for the simulation assumption and default parameters will be captured in TS 38.141-1/2. The parameters and BS vendor choose one from the declared supported URLLC TDD patterns.
Proposal 2: For ultra-high BLER (10e-5 BLER) tests, adopt the following TDD patterns.
· 15kHz SCS (FR1): 3D1S1U (S=10:2:2)
· 30kHz SCS (FR1): 7D1S2U (S=6:4:4)
· 60kHz SCS (FR2): 3D1S1U (S=10:2:2)
· 120kHz SCS (FR2): 3D1S1U (S=10:2:2)
Proposal 3: For ultra-high BLER (10e-5 BLER) tests, allow a BS to declare supported TDD patterns and choose one for the test (Same applicability rule as normal demodulation).
.
2.1.3	DM-RS
Regarding DM-RS configuration, the following options were agreed. 
	RAN4 #94
· PT-RS and DM-RS configuration for PUSCH
· Option 1: 1+0
· Option 2: 1+1
· Option 3: 1+0 and 1+1 with applicability rule



In Rel.15, RAN4 assumed that DM-RS 1+1 for FR1 and DM-RS 1+0/1+1 for FR2 were typical configurations for normal PUSCH performance requirements. In our understanding, these DM-RS configuration are also typical configurations and expected to be common parameters for also URLLC. Thus, we propose to adopt Option 2 for FR1 and Option 3 for FR2. 
Proposal 4: For ultra-high BLER (10e-5 BLER) requirements, adopt DM-RS 1+1 (option 2) for FR1 and DM-RS 1+0 and 1+1 with applicability rule (option 3) for FR2.
2.1.4	Channel bandwidth and number of RBs
Regarding channel bandwidth and number of RBs, the following options were agreed. 
	RAN4 #94
· Bandwidth for PUSCH
· Option 1: 5MHz for 15k SCS, 10MHz for 30k SCS
· Option 2: 10MHz for 15k SCS, 40MHz for 30k SCS
· Option 3: 5/10/20MHz for 15k SCS, 10/20/40/100MHz for 30k SCS, applicability rule to ensure just one test
· Option 4: Option 1+option 2 
· Other options not precluded
RAN4 #94
· Number of RB for PUSCH
· Option 1: 25 RB 
· Option 2: 65 RB 
· Option 3: Full bandwidth for 5MHz/15k SCS and 10MHz/30K SCS
· Option 4: Full bandwidth with 10MHz/15k SCS and 40MHz/30k SCS
· Option 5: Full bandwidth
· Other options not precluded



[bookmark: _GoBack]First of all, BS can support any channel bandwidth from defined in table 5.3.5-1 and 5.3.5-2, TS 38.104. From BS capability point of view, no mandatory channel bandwidth is defined and all channel bandwidth are optional. In short, BS can declare support only one channel bandwidth, e.g., BS can support only 5MHz with 15 kHz SCS. If we adopt only one typical channel bandwidth such as option 2 (10MHz for 15k SCS, 40MHz for 30k SCS), a BS that declares to support for 5MHz with 15kHz SCS or 10/15/20/25/30 MHz with 30kHz SCS will not be used for URLLC. Especially for refarming band, such narrower channel bandwidth is also typical configuration. In order to avoid such limitation, RAN4 should define at least 5MHz for 15 kHz SCS and 10MHz for 30 kHz.
Furthermore, according to the applicability rules for channel bandwidth, only widest supported channel bandwidth will be tested. Even if multiple channel bandwidth per SCS are defined for URLLC requirements, only one channel bandwidth will be tested and the number of tests will not be increasing. In our views, channel bandwidth and SCS sets were already narrowed down during Rel.15 discussion and minimum channel bandwidth and some typical channel bandwidth were defined in Rel.15 PUSCH. For URLLC, we can consider the same channel bandwidth and SCS sets as existing PUSCH requirements. However, considering other companies concern about increasing number of requirements, we narrowed down the sets of channel bandwidth and SCS.
Proposal 5:	Define ultra-high BLER (10e-5 BLER) requirements with the following channel bandwidth.
· 15kHz SCS (FR1): Full bandwidth for 5/10MHz
· 30kHz SCS (FR1): Full bandwidth for 10/40MHz
· 60kHz SCS (FR2): Full bandwidth for 50/100MHz
· 120kHz SCS (FR2): Full bandwidth for 50/100MHz
NOTE: Only one test per [per SCS per duplex mode] will be performed based on applicability rule

2.1.5	Number of requirements
Regarding number of requirements, the following options were agreed. 
	RAN4 #94
· Number of requirements
· Option 1: zero requirements/tests
· Option 2: One requirement/test
· Option 3: >1 requirements, but only one test (using applicability rule)
· Option 4: more than one requirement and more than one test
· Other options not precluded



For number of requirements, according to the parameters under discussion (e.g., FR, channel bandwidth, DM-RS, etc.), some number of requirements should be introduced to support multiple parameters. On the other hand, for number of tests, it can be limited by applicability rule. However, the definition of “one test” is not clear. Candidate options are listed below:
· Option 1: One test per FR 
· Option 2: One test per duplex mode
· Option 3: One test per SCS
· Option 4: One test per SCS per duplex mode
· Option 5: One test per FR per duplex mode
· Other options are not precluded
According to the current applicability rules for Rel.15 PUSCH, for FR and duplex mode, there is no applicability rule, and for subcarrier spacing, each supported subcarrier spacing is to be tested. In our views, based on these Rel.15 applicability rule, option 4 is suitable option. Hence, we should introduce >1 requirements, but test only one per supported SCS per supported duplex mode (using applicability rule).
Proposal 6: For ultra-high BLER (10e-5 BLER) test, introduce >1 requirements and test only one per supported SCS per supported duplex mode (using applicability rule).

2.2	High-reliability test 
2.2.1	Whether to define requirements for FR2
With respect to whether to define requirements for FR2, the following options were agreed. 
	RAN4#94
· Whether to define BS FR2 URLLC performance requirements for high reliability
· Option 1: Do not define 
· Option 2: Define. 
· Test applicability rule for FR1 and FR2 performance requirements if both requirements are defined
· Option 1: Based on BS declaration of support FR1 or FR2 
· Option 2:  If BS supports both FR1 and FR2, the performance requirements for both FR1 and FR2 should be tested



It is the same discussion as high-reliability test in section 2.1.1.
Proposal 7: For high-reliability tests, introduce requirements for FR2.

2.2.2	Channel bandwidth and number of RBs
Regarding channel bandwidth and number of RBs, the following options were agreed. 
	RAN4#94
· SCS&BW for FR 1
· 10MHz/15kHz
· 40MHz/30kHz
· Other sets are not precluded
· Number of RB for PUSCH
· Option 1: 25 RB 
· Option 2: 65 RB 
· Option 3: Full bandwidth for 5MHz/15k SCS and 10MHz/30Kscs
· Option 4: Full bandwidth with 10MHz/15k SCS and 40MHz/30k SCS
· Option 5: Full bandwidth
· Other options not precluded
· SCS&BW for FR2 if FR2 will be defined
· 60kHz SCS
· Option 1: 50/100MHz 
· Option 2: No test 
· Option 3: 50 MHz 
· 120kHz SCS
· Option 1: 50/100/200MHz 
· Option 2: No test 
· Option 3: 100 MHz



It is the same discussion as ultra-high BLER test in section 2.1.4.
Proposal 8:	Define high-reliability requirements with the following channel bandwidth.
· 15kHz SCS (FR1): Full bandwidth for 5/10MHz
· 30kHz SCS (FR1): Full bandwidth for 10/40MHz
· 60kHz SCS (FR2): Full bandwidth for 50/100MHz
· 120kHz SCS (FR2): Full bandwidth for 50/100MHz

2.2.3	Aggregation level
Regarding PUSCH aggregation level, the following options were agreed. 
	RAN4#94
· PUSCH aggregation level
· Option 1: 2
· Option 2: 4 
· Option 3: 2, 4  
· Option 3: 8 



According to TS 38.214 and TS 38.331, PUSCH aggregation level supports 2, 4 and 8. When PUSCH aggregation is configured, a BS needs to combine received multiple slot data. Hence, larger aggregation value is suitable to verify the functionality of PUSCH aggregation, and our preference is aggregation level 4 or 8. 
Proposal 9: For high-reliability test, configure aggregation level 4 or 8.
2.2.4	Waveform
Regarding waveform, the following options were agreed. 
	RAN4 #94
· Whether to introduce DFT-s-OFDM: 
· Option 1: No 
· Option 2: Yes  



In Rel.15, PUSCH requirements for both CP-OFDM and DFT-s-OFDM under multipath fading conditions were introduced to guarantee the performance of each waveform. In general, DFT-s-OFDM has the advantage of lower PAPR compared to CP-OFDM, and larger cell coverage is expected than CP-OFDM. Since DFT-s-OFDM is also typical configuration for URLLC, we propose to introduce DFT-s-OFDM to verify the URLLC performance of DFT-s-OFDM. 
Proposal 10: For high-reliability requirements, introduce DFT-s-OFDM for both FR1 and FR2 with only minimum channel bandwidth.

2.3	Low-latency test
2.3.1	Whether to define requirements for FR2
With respect to whether to define requirements for FR2, the following options were agreed. 
	RAN4#94
· Whether to define requirements for BS FR2 URLLC performance requirements for low latency
· Option 1: Do not define 
· Option 2: Define. 



In the last meeting, the necessity of FR2 requirements for low-latency was discussed, but not concluded yet. From a latency perspective, the FR2 TDD band has an advantage compared to FR1 TDD bands since the slot size is shorter than FR1. In Rel.15, only 10 symbols PUSCH requirement was introduced, which cannot verify the performance of shorter symbol length than 10 symbols. To verify the performance of PUSCH mapping type B with mini-slot, we prefer to define FR2 PUSCH requirements for low-latency feature.
Proposal 11: For low-latency tests, introduce requirements for FR2.

2.3.2	Symbol length
Regarding symbol length, the following options were agreed. 
	RAN4 #94
· Symbol length (L) 
· Option 1: 4os 
· Option 2: 2os 
· Option 4: 7os 
· Option 5: 2os and 7os  
· DM-RS configuration Type 1 with single symbol 
· Proposals for symbol lengths of 7os if agreed
·  Option 1:1+0 
· Option 2: 1+1



In Rel.15, the following parameters are assumed for PUSCH requirements.
· FR1:	PUSCH mapping type A with 14 symbol (additional DM-RS position: pos1)
PUSCH mapping type B with 14 symbol (additional DM-RS position: pos1)
· FR2:	PUSCH mapping type B with 10 symbol (additional DM-RS position: pos0 and pos1)
For FR1 PUSCH, mapping type B with 14 symbol length is covered by the existing requirements. In the last meeting, we proposed to consider 2os, 4os, and 7os as typical assumptions. 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 2os or 4os can be configured to S slot. Hence, symbol length 2s or 4os is more typical assumption based on agreed TDD patterns. Therefore, we propose to adopt 2os or/and 4os symbol length.
Proposal 12: For non-slot based PUSCH, adopt 2 or/and 4 as symbol length assumption.

2.3.3	Channel bandwidth and number of RBs
Regarding channel bandwidth and number of RBs, the following options were agreed. 
	RAN4#94
· Number of PRB 
· Option 1: full bandwidth 
· Option 2: A fixed number of RB
· SCS/BW:
· 15 kHz/10 MHz and 30 kHz/40 MHz with defined test applicability rule
· Other sets are not precluded



It is the same discussion as ultra-high BLER test in section 2.1.4.
Proposal 13:	Define low-latency requirements with the following channel bandwidth.
· 15kHz SCS (FR1): Full bandwidth for 5/10MHz
· 30kHz SCS (FR1): Full bandwidth for 10/40MHz
· 60kHz SCS (FR2): Full bandwidth for 50/100MHz
· 120kHz SCS (FR2): Full bandwidth for 50/100MHz
2.3.5	Waveform
Candidate Options were agreed as below: 
	RAN4 #94
· Whether to introduce DFT-s-OFDM: 
· Option 1: No 
· Option 2: Yes  



It is the same discussion as high reliability test in section 2.2.4.
Proposal 14: For low-latency requirements, introduce DFT-s-OFDM for both FR1 and FR2 with only minimum channel bandwidth.

3.	Conclusion
In this contribution, we provide views on BS demodulation requirements for URLLC. The following proposals are obtained.
For ultra-low BLER test (10e-5 BLER):
Proposal 1: For ultra-high BLER (10e-5 BLER) tests, introduce requirements for FR2.
Proposal 2: For ultra-high BLER (10e-5 BLER) tests, adopt the following TDD patterns.
· 15kHz SCS (FR1): 3D1S1U (S=10:2:2)
· 30kHz SCS (FR1): 7D1S2U (S=6:4:4)
· 60kHz SCS (FR2): 3D1S1U (S=10:2:2)
· 120kHz SCS (FR2): 3D1S1U (S=10:2:2)
Proposal 3: For ultra-high BLER (10e-5 BLER) tests, allow a BS to declare supported TDD patterns and choose one for the test (Same applicability rule as normal demodulation).
Proposal 4: For ultra-high BLER (10e-5 BLER) requirements, adopt DM-RS 1+1 (option 2) for FR1 and DM-RS 1+0 and 1+1 with applicability rule (option 3) for FR2.
Proposal 5:	Define ultra-high BLER (10e-5 BLER) requirements with the following channel bandwidth.
· 15kHz SCS (FR1): Full bandwidth for 5/10MHz
· 30kHz SCS (FR1): Full bandwidth for 10/40MHz
· 60kHz SCS (FR2): Full bandwidth for 50/100MHz
· 120kHz SCS (FR2): Full bandwidth for 50/100MHz
NOTE: Only one test per [per SCS per duplex mode] will be performed based on applicability rule
Proposal 6: For ultra-high BLER (10e-5 BLER) test, introduce >1 requirements and test only one per supported SCS per supported duplex mode (using applicability rule).

For high-reliability test:
Proposal 7: For high-reliability tests, introduce requirements for FR2.
Proposal 8: Define high-reliability requirements with the following channel bandwidth.
· 15kHz SCS (FR1): Full bandwidth for 5/10MHz
· 30kHz SCS (FR1): Full bandwidth for 10/40MHz
· 60kHz SCS (FR2): Full bandwidth for 50/100MHz
· 120kHz SCS (FR2): Full bandwidth for 50/100MHz
Proposal 9: For high-reliability test, configure aggregation level 4 or 8.
Proposal 10: For high-reliability requirements, introduce DFT-s-OFDM for both FR1 and FR2 with only minimum channel bandwidth.

For low-latency test:
Proposal 11: For low-latency tests, introduce requirements for FR2.
Proposal 12: For non-slot based PUSCH, adopt 2 or/and 4 as symbol length assumption.
Proposal 13: Define low-latency requirements with the following channel bandwidth.
· 15kHz SCS (FR1): Full bandwidth for 5/10MHz
· 30kHz SCS (FR1): Full bandwidth for 10/40MHz
· 60kHz SCS (FR2): Full bandwidth for 50/100MHz
· 120kHz SCS (FR2): Full bandwidth for 50/100MHz
Proposal 14: For low-latency requirements, introduce DFT-s-OFDM for both FR1 and FR2 with only minimum channel bandwidth.
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