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1	Introduction
During the last RAN4 meeting, the test feasibility and performance requirements for URLLC are further discussed. The general issues with related NR URLLC test feasibility and demodulation requirements are captured in the adhoc minutes [1] and WF [2] as follows:
· Introduce PUSCH low BLER high confidence requirement
· If feasible, define [1] test case to verify 10^-5
· Target BLER: 10^-5
· Target test confidence level: 99.999%
· Propagation conditions: Static channel
· MCS: MCS5 from MCS Table 2 for PUSCH
· Duplex mode: Both TDD and FDD
· FFD TDD patterns
· SCS
· TDD: 30KHz, FFS 15KHz
· FDD: 15KHz, FFS 30KHz
· Test method: refer to R4-1915866
· Method 1: Consider aggregation 1 or 2, but no HARQ for non-boosted SNR
· Method 2: No aggregation or HARQ for boosted SNR
· FFS whether to use method 1 or method 2 for testing (as described below). Adjustment of the baseline parameters for the long test after simulation is not precluded.
· Other test cases will be defined with higher BLER and/or lower confidence 
· Other parameter combinations of HARQ,  aggregation ,channel etc, further requirements will be considered
· Whether further requirements are specified, it will be decided case by case whether to test them at 10^-5 BLER and CL 99.999% or other conditions
· Other test cases will include PUSCH aggregation 
· FFS PUSCH aggregation level
· FFS on introduction of PUCCH demodulation performance requirements for high reliability
· Introduce PUSCH demodulation requirements to verify the support of PUSCH mapping Type B with non-slot configured with fewer symbols than Rel-15
· FFS requirements for UL transmission with grant free/UL configured grant

In this contribution, the view on remain issue of URLLC performance requirements is presented.
2	Discussion
2.1	Requirements for high reliability

As agreed, one test case will be defined for verify 10^-5 considering TDD. For TDD patterns, RAN4 has lots of discussion in Rel-15 NR demodulation requirement. In our view, different TDD patterns will impact the test time with considering different HARQ process. We do not think this will has large impact on the demodulation requirement. 
Similarly, with considering the SCS for TDD and FDD, it will only impact the test time, there is no impact on the BLER requirement. Generally, FDD with 15 KHz SCS and TDD with 30KHz SCS should be typical NR deployment in the most of NR bands, which also align with existing SCS configuration for NR demodulation requirement.
So, in our view, we prefer to reuse the existing TDD pattern defined in the NR Rel-15 demodulation requirement to specify PUSCH lower BLER high confidence requirement. 
Proposal 1: Reuse the existing TDD pattern defined in the NR Rel-15 demodulation requirement to specify PUSCH lower BLER high confidence requirement as
TDD: 30 KHz SCS: 7D1S2U, S=6D: 4G: 4U  
Only FDD with 15 KHz SCS and TDD with 30 KHz SCS configuration are considered to introduce PUSCH lower BLER high confidence requirement.
As for the test method, both method 1 and method 2 can be used to verify the 10^-5 BLER performance. The motivation for method 2, my understanding it aims to check whether the error floor exists with low BLER target. Eventually, the SNR with targeting 10^-5 BLER should be derived for testing.  So, we prefer to use the method 1 for testing.
Proposal 2: Use method 1 for testing PUSCH low BLER high confidence requirement
As mentioned in the WF, the test cases with related high BLER and/or lower confidence will be defined. In case of verify the PUSCH lower BLER, in our view, with 10^-2 BLER should be enough to verify the RAN1 URLLC feature in Rel-15. 
In order to improve reliability, PUSCH based on slot repetitions is the important feature for URLLC. Based on RAN1 design, the number of repetitions can be supported if UE is configured with pusch-AggregationFactor as follows, where the supported aggregation factor is {2,4,8}.
pusch-AggregationFactor                 ENUMERATED { n2, n4, n8 }                                           OPTIONAL,   -- Need S
    mcs-Table                               ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S

Excepting for repetition, the normal HARQ combination with different RV can be regarded as an efficient way to improve the reliability. The following are different RV configuration for repetitions is presented
	rvid indicated by the DCI scheduling the PUSCH
	rvid to be applied to nth transmission occasion

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3



New MCS table with low coding rate is supported for PUSCH to improve reliability. The same coding rate is available for both CP-OFDM and DFT-s-OFDM. It is straight forwards that the requirement should be considered in RAN4. 
Based on above analysis, it is reasonable to define the test cases to verify the RAN1 URLLC feature. As for test case, for Rel-15 BS demodulation requirement, many test cases with different parameters combination have been introduced, which will take huge efforts to align and test. For URLLC test cases, considering the test of URLLC is functionality test, we think there is no necessary to design the individual test case to verify each URLLC feature. In our view, 1 or 2 test cases with combined URLLC feature could be considered for PUSCH with high BLER.
Regarding the details test parameters, the following are preferred:
PUSCH aggregation Factor
In order to reduce the test complexity, we prefer to choose PUSCH aggregation factor as 2.
MCS
MCS 5 in the new MCS table can be chosen to align the feasibility test with BLER 10^-5
As for other parameters, we can refer the NR Rel-15 BS demodulation requirement. The following parameter could be considered for PUSCH requirement with high reliability.
SCS &BW: 15 KHz, 10 MHz; 30 KHz, 40 MHz;
HARQ: 4
Antenna configuration: 1x2
Mapping type: type A
DMRS port: 1+1
Channel condition: TDLB100-400
Symbol length: 14
Waveform: CP-OFDM

Proposal 3: The following test parameters for PUSCH with high BLER requirement could be considered:
PUSCH aggregation Factor: 2
SCS &BW: 15 KHz, 10 MHz; 30 KHz, 40 MHz;
HARQ: 4
Antenna configuration: 1x2
Mapping type: type A
DMRS symbol: 1+1
Channel condition: TDLB100-400
Symbol length: 14
Waveform: CP-OFDM
MCS: 5



PUCCH requirement
In eMBB, multi-slot is supported for PUCCH format 1/3/4 to improve the reliability of UCI detection performance.  Meanwhile, the intra-slot frequency and inter-slot frequency hopping are also supported to improve the detection performance with additional frequency diversity gain. NR Rel-15 has already defined the requirement with frequency hopping and multi-slot transmission. From the demodulation performance point of view, there is not different with multi-slot or repetition transmission. In terms of reliability, the existing Rel-15 PUCCH format can be stratified.
Based on the requirements of PUCCH in Rel-15, the SNR value is very lower compared with PUSCH.  Even with considering the high reliability, in our view, we think the PUCCH performance is not the bottleneck of UL. So, there is no need to introduce of PUCCH demodulation performance for ULRRC.
Proposal 4: No PUCCH demodulation performance requirements for ULRRC.

2.2	Requirements for low latency
Regarding the grant-free transmission type, Rel-15 URLLC can support two kinds of type as grant free and UL configured grant to reduce the latency of UL scheduling. The configuration information including the transmission resource, MCS, DMRS information, as well as HARQ information can be configured based on RRC configuration or activated /deactivated by L1 signaling. In our view, it mainly related with the UL transmission scheduling information, we do not think this feature will require the BS demodulation requirements.
Proposal 5: No BS demodulation requirements for UL transmission with grant free/UL configured grant.

In the last meeting, it is agreed to introduce PUSCH demodulation requirements to verify the support of PUSCH mapping type B with non-slot configured with fewer symbols than Rel-15.
For Rel-15 NR, The performance requirement for both slot based and not slot based PUSCH with type A and type B have been defined. To verify the latency feature, mini slot based transmission can be regarded to one solution to meeting latency targeting, such as 2, 4 or 7 symbols.
For latency requirements, it should be related with UE/BS processing timing, response time, timing adjustment, UL schedule (both SR and SPL). 
In [3], the timing assumption with different SCS and symbol lengths is given by
	Timing
	15/30kHz SCS
	120kHz SCS

	#TTI
	7os TTI
	4os TTI
	2os TTI
	7os TTI
	4os TTI
	2os TTI

	gNB processing
	1
	1
	2
	2
	3
	5

	UL timing
	1
	1
	2
	2
	3
	5


 
The latency for DL and UL data can be illustrated as 
		[image: ]
Figure 1, latency for data transmission with DL and UL
Based on this procedure, the latency for FDD based on HARQ retransmission can be analyzed simply as [3]  
Table 1, latency for data transmission with HARQ-based retransmission
	Latency (ms)
	HARQ
	15kHz SCS
	30kHz SCS
	120kHz SCS

	
	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI

	DL data



	1st transmission
	2.4
	1.4
	1.0
	0.71
	1.2
	0.71
	0.50
	0.36
	0.41
	0.29
	0.23
	0.20

	
	1 retx
	5.4
	2.9
	1.9
	1.4
	2.7
	1.5
	0.93
	0.71
	0.79
	0.60
	0.48
	0.39

	
	2 retx
	8.4
	4.4
	2.7
	2.1
	4.2
	2.2
	1.4
	1.1
	1.2
	0.91
	0.73
	0.59

	
	3 retx
	11
	5.9
	3.6
	2.9
	5.7
	3.0
	1.8
	1.4
	1.5
	1.2
	0.98
	0.79

	UL data (SR)



	1st transmission
	4.5
	2.5
	1.6
	1.4
	2.3
	1.3
	0.82
	0.68
	0.67
	0.54
	0.46
	0.38

	
	1 retx
	8.4
	4.4
	2.7
	2.1
	4.2
	2.2
	1.4
	1.1
	1.2
	0.91
	0.73
	0.59

	
	2 retx
	11
	5.9
	3.6
	2.9
	5.7
	3.0
	1.8
	1.4
	1.5
	1.2
	0.98
	0.79

	
	3 retx
	14
	7.4
	4.4
	3.6
	7.2
	3.7
	2.2
	1.8
	1.9
	1.5
	1.2
	0.98

	UL data (SPS)



	1st transmission
	2.4
	1.4
	1.0
	0.71
	1.2
	0.71
	0.50
	0.36
	0.41
	0.29
	0.23
	0.20

	
	1 retx
	5.4
	2.9
	1.9
	1.4
	2.7
	1.5
	0.93
	0.71
	0.79
	0.60
	0.48
	0.39

	
	2 retx
	8.4
	4.4
	2.7
	2.1
	4.2
	2.2
	1.4
	1.1
	1.2
	0.91
	0.73
	0.59

	
	3 retx
	11
	5.9
	3.6
	2.9
	5.7
	3.0
	1.8
	1.4
	1.5
	1.2
	0.98
	0.79



As indicated in this table, slot based transmission with 120 KHz can meet 1ms target. With 15KHz SCS and higher, mini-slot based transmission can fulfill latency target. With 30KHz SCS and higher, mini-slot HARQ based retransmission can fulfill latency target.
In terms for latency requirement, non-slot scheduling with 2 symbols can fulfill with all the SCS. Meanwhile, 2 symbols is the minimum scheduling resources in the time domain, which can allow more UE multiplexing to increase the cell capacity.
Proposal 6: Non-slot scheduling with 2 symbols can be considered for the lower latency requirement. 

As test metric, it is agreed that test metric of delay is not feasible for low latency test in RAN4. And low latency related features are feasible to be tested under test metrics other than delay, such as through and/or BLER. With respect to BLER, the performance should be no different SCS
For simplicity,  the following parameter could be considered
PUSCH aggregation Factor: 1
SCS &BW: 120 KHz, 50 MHz; 
HARQ: 4
Antenna configuration: 1x2
Mapping type: type B
DMRS symbol: 1
Channel condition: TDLB100-400
Symbol length: 2
Waveform: CP-OFDM
MCS: 5

Proposal 7: The following test parameters for PUSCH with lower latency requirement could be considered:
PUSCH aggregation Factor: 1
SCS &BW: 120 KHz, 50 MHz; 
HARQ: 4
Antenna configuration: 1x2
Mapping type: type B
DMRS symbol: 1
Channel condition: TDLB100-400
Symbol length: 2
Waveform: CP-OFDM
[bookmark: _GoBack]MCS: 5
Conclusion
In this contribution, the initial results are provided to analyze the URLLC with high reliability requirement.
Proposal 1: Reuse the existing TDD pattern defined in the NR Rel-15 demodulation requirement to specify PUSCH lower BLER high confidence requirement as
TDD: 30 KHz SCS: 7D1S2U, S=6D: 4G: 4U  
Only FDD with 15 KHz SCS and TDD with 30 KHz SCS configuration are considered to introduce PUSCH lower BLER high confidence requirement.
Proposal 2: Use method 1 for testing PUSCH low BLER high confidence requirement
Proposal 3: The following test parameters for PUSCH with high BLER requirement could be considered:
PUSCH aggregation Factor: 2
SCS &BW: 15 KHz, 10 MHz; 30 KHz, 40 MHz;
HARQ: 4
Antenna configuration: 1x2
Mapping type: type A
DMRS symbol: 1+1
Channel condition: TDLB100-400
Symbol length: 14
Waveform: CP-OFDM
MCS: 5
Proposal 4: No PUCCH demodulation performance requirements for ULRRC.
Proposal 5: No BS demodulation requirements for UL transmission with grant free/UL configured grant.
Proposal 6: Non-slot scheduling with 2 symbols can be considered for the lower latency requirement. 
Proposal 7: The following test parameters for PUSCH with lower latency requirement could be considered:
PUSCH aggregation Factor: 1
SCS &BW: 120 KHz, 50 MHz; 
HARQ: 4
Antenna configuration: 1x2
Mapping type: type B
DMRS symbol: 1
Channel condition: TDLB100-400
Symbol length: 2
Waveform: CP-OFDM
MCS: 5
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