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1	Introduction
In RAN plenary #84, the revised WID Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) was defined in [1]. The phase 1 of RAN4 work structure addressed to study the test methodology for the test metric of 99.999% reliability with testing time into consideration. in order to decide on the test methodology, it is necessary to consider what MCS, SNR operating point, BLER operating point are adopted and whether retransmissions are considered. In this document, our view on demodulation test methodology for the test metric of 99.999% reliability is discussed. 
2	Background
According to the technical report, Study on Scenarios and Requirements for Next Generation Access Technologies [2], the reliability can be evaluated by the success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
A general URLLC reliability requirement for one transmission of a packet is 1x10-5 for 32 bytes with a user plane latency of 1ms.
For eV2X, for communication availability and resilience and user plane latency of delivery of a packet of size 300 bytes, the requirements are as follows:
-	Reliability = 1-10-5, and user plane latency = 3-10 msec, for direct communication via sidelink and communication range of (e.g., a few meters)
-	Reliability = 1-10-5, and user plane latency = 3-10 msec, when the packet is relayed via BS.
Note that target communication range and reliability requirement is dependent of deployment and operation scenario (e.g., the average inter-vehicle speed).

NOTE1: Other reliability requirements may be added, if needed, e.g. for critical communications relating to high-speed train, and more detailed requirements for eV2X should refer to the SA1 requirements in 3GPP TS 22.886.

3	Discussion
In order to achieve the reliability requirements above and to assess the feasibility of the test methodology for URLLC, we performed some different link level simulations. Two aspects will be discussed:
· Test time considerations
· MCS, SINR operating point and retransmissions

3.1	Test time considerations 
As a general observation from the simulations, the test time could be excessive for low BLER. Hence, for some part of test cases it may be sufficient to test at higher BLER and assume that performance would extrapolate to low BLER. However, the extrapolation should not be done in all cases though, as we need to ensure whole system performance and also that the baseband performance really does scale and cover the complete system performance. By doing low BLER for everything, the test time could be excessive, but if we do not do low BLER at all and rely on extrapolation, then the test coverage may not be sufficient, hence, to test the whole system performance for low and high BLER the test coverage should not rely on extrapolation of requirements to higher BLER operating point however extrapolation may be used for some of the test coverage to reduce test time.
Proposal 1: To test the whole system performance for low and high BLER the test coverage should not rely on extrapolation of requirements to higher BLER operating point, however extrapolation may be used for some of the test coverage to reduce test time.
In addition, it is vital for the URLLC test methodology, to generate sufficient number of errors, for example at least 100 errors per each transmission when performing the simulations to justify the test metric of 99.999% reliability. 
Proposal 2: RAN4 need to decide on the minimum number of generated errors for each transmission to properly assess the test metric of 99.999% reliability.
3.2	MCS, SINR operating point and retransmissions

Figure 1 shows the BLER plot for PUSCH channel, at 4GHz frequency with TDL-C, MCS was chosen as 8, 3nsec Channel delay spread, 11Hz Channel doppler, the remaining simulation parameters are tabulated in Table 1 in Appendix A. It is noted from figure 1 that SINR in excess of 12dB is needed if there are no retransmissions and that such a high SINR operating point may not correspond to good coverage in many scenarios, consequently more retransmissions are needed to achieve the reliability requirements of 10^-5 BLER .
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Fig. 1 BLER vs SNR for URLLC PUSCH fc4GHz TDL-c mcs8 15prbs 7 OFDM symbols 0,1,2,3,4,5-retransmissions
Even though using lower MCS would improve the URLLC reliability, but still retransmissions are likely to be needed to achieve the desired coverage if the target is for example an outdoor macro-cell. For example, with one retransmission and 10^-5 BLER reliable link the SNR operating point occurs at -2dB, then for 4 retransmissions the SINR operating point shifts to -5dB, as illustrated in fig. 2
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Fig. 2 BLER vs SNR for URLLC PUSCH fc4GHz TDL-c mcs0 30prbs 7 OFDM symbols 0,1,2,3,4,5-retransmissions
Consequently, depending on the scenario for which the performance requirements are to be targeted, it is important to decide which SNR operating point should be considered for URLLC feature reliability and for a specific number of retransmissions.
Proposal 3: For each scenario for which the performance requirements are to be targeted, RAN4 need to decide which SNR operating point should be considered for URLLC feature reliability and for a specific number of retransmissions.
Although the discussion in phase 1 is focused on the test methodology, it is good to understand what we are testing in terms of SNR level, hence it is good to agree on operating point, another observation, that the low latency aspect restricts the number of retransmissions for the required URLLC reliability. Depending on the use cases listed in table A.2.1 below from [3], to achieve the reliability of 10^-5 BLER, for example, for a 5ms latency, FR1 and SCS 30kHz even with MCS_0 and say -5dB SNR coverage 4 retransmissions could be needed which is very challenging for the 5ms latency requirement.
Table A.2-1: Representative use cases for Rel-16 NR URLLC evaluation
	Use case
	Reliability (%)
	Latency 
	Data packet size and traffic model
	Description

	Power distribution

	99.9999
	5 ms (end to end latency)
Note: 2-3 ms air interface latency 
	DL & UL:
100 bytes 
ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 
(TR 22.804:5.6.4)

	
	99.999 
	15 ms (end to end latency)
Note: 6-7 ms air interface latency
	DL & UL:
250 bytes 
Periodic and deterministic with arrival interval 0.833 ms
Random offset between UEs 
	Differential protection
(TR 22.804:5.6.6)

	Factory automation

	99.9999
	2 ms (end to end latency)
Note: 1 ms air interface latency 
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms
	Motion control

	Rel-15 enabled use case (e.g. AR/VR) 
	99.999 
	1 ms (air interface delay) for 32 bytes
1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:
32 and 200 bytes 
FTP model 3 or periodic with different arrival rates
	

	
	99.9
	7 ms (air interface delay)
	DL & UL:
4096 and 10 K bytes
FTP model 3 or periodic with different arrival rates
	

	Transport Industry

	99.999
	5 ms (end to end latency)
Note: 3 ms air interface latency 
	UL: 
2.5 Mpbs; Packet size 5220 bytes
DL: 
1Mbps; Packet size 2083 bytes
Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 
(TS 22.186: 5.5)

	
	99.999
	10 ms (end to end latency)
Note: 7ms air interface latency
	UL&DL: 
1.1 Mbps; Packet size 1370 bytes 
Note: Data arrival rate 100 packets per second for periodic traffic model
	Intelligent transport system (ITS)
(TS 23.501, TS 22.261)



Proposal 4: To achieve both low latency and high reliability for URLLC feature, a high SINR operating point would be needed.
Another issue that need to be considered for demodulation test methodology for the test metric of 99.999% reliability is the PDCCH and PUCCH performance. Even though it could be that the PDSCH or PUSCH link for URLLC is reliable and fulfilling the low latency criteria on a specific SINR operating point, it may happen that the PUCCH and/or PDCCH doesn’t fulfill the reliability requirements at that SINR operating point. Consequently, RAN4 need to test the PUCCH and PDCCH performance for higher reliability in addition to PUSCH and/or PDSCH 99.999% reliability test metric.
Proposal 5: RAN4 need to investigate PDCCH/PUCCH performance for higher reliability
4	Conclusion
We kindly ask RAN4 to agree on the following proposals:
Proposal 1: To test the whole system performance for low and high BLER the test coverage should not rely on extrapolation of requirements to higher BLER operating point, however extrapolation may be used for some of the test coverage to reduce test time.
Proposal 2: RAN4 need to decide on the minimum number of generated errors for each transmission to properly assess the test metric of 99.999% reliability.
Proposal 3: For each scenario for which the performance requirements are to be targeted, RAN4 need to decide which SNR operating point should be considered for URLLC feature reliability for a specific number of retransmissions.
Proposal 4: To achieve both low latency and high reliability for URLLC feature, a high SINR operating point would be needed.
Proposal 5: RAN4 need to investigate PUCCH/PDCCH performance for higher reliability
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Appendix A
Table 1: Link level simulation assumptions
	Parameter		
	Assumption

	Carrier frequency
	4GHz

	Channel type 
	TDL-c

	№ of Tx antennas
	1

	№ of Rx antennas
	2

	Channel delay spread 
	3 nsec

	Channel doppler
	11 Hz

	Subcarrier spacing
	30 kHz

	Scheduler MCS 0
	Target code Rate 240/1024

	Scheduler MCS 8
	Target code Rate 602/1024

	Number of PRBs
	15, 30

	PUSCH symbols
	7

	[bookmark: _GoBack]Number of HARQ processes
	8

	No of slots
	500 000

	HARQ RV Sequence
	[0 2 3 1]

	Geometry (BLER/SNR)
	-15:1:25 dB
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