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Introduction
In RAN#84 the WID for URLLC was revised to include the following objectives in the performance part of the WI:
	The work is structured as two phases; testability issues are addressed and then requirements are developed:
Phase 1:
· Study the test methodology for both BS and UE [RAN4]
· Test methodology for the test metric of 99.999% reliability with testing time into consideration
· Test methodology for low latency requirements

Phase 2:

Specify the following performance requirements based on Rel-15 URLLC functionalities [RAN4]
· Investigate and specify the RLM test cases 
· Study and specify the US/BS demodulation performance and UE CQI reporting requirements for high reliability
· The following candidate features related to high reliability should be further identified and prioritized
· PDSCH repetitions over multiple slots
· PUSCH repetitions over multiple slots
· 4-bit CQI Table 3
· MCS index table 3
· Other features are not precluded
· Study and specify the UE/BS demodulation performance and UE CQI reporting requirements for low latency
· The following candidate features related to low latency should be further identified and prioritized
· PDSCH processing capability 2
· Self-contained slot and/or non slot for DL
· PDSCH and PUSCH mapping type A/B
· Pre-emption indication for DL
· Other features are not precluded

Specify the following performance requirements based on Rel-16 URLLC functionalities [RAN4]
· Base station demodulation performance requirements
· UE demodulation performance requirements
· [bookmark: OLE_LINK4]Base station conformance testing 



The performance part of the WI now includes performance requirements for features introduced in Rel-15 for supporting high reliability and low latency features for URLLC. 
In Phase 1 the objective is to study the feasibility of introducing requirements and defining the test methodology for high reliability and low latency metrics for URLLC.
In this contribution we present our views on feasibility of introducing requirements for test metric of 99.999% reliability.  
Discussion
In Rel-15 NR the following features have been introduced to support high reliability in URLLC:
· PDSCH repetitions over multiple slots
· PUSCH repetitions over multiple slots
· 4-bit CQI Table 3
· MCS index table 3
The target reliability requirement for URLLC which was considered as a part of Rel-15 NR design is 99.999%, which translates to BLER requirement of 10-5 (0.001%). The test time for URLLC verification may become an issue since it is obvious that the overall number of samples shall be increased comparing to regular R15 NR tests and it might potentially become not feasible and should be carefully analyzed by RAN4. 
We recommend to further study and identify the criteria for feasible test time in RAN4 in order to decide if requirements targeting high reliability can be introduced.
Factors affecting test time
In general, the test time for such a requirement may depend on several factors such as:
· Test methodology related aspects
· Target BLER level
· The test time depends on the target BLER level. RAN4 is recommended to decide whether 10-5 BLER requirement shall be tested or certain looser requirement shall be considered.
· Target confidence interval / level
· The target confidence interval is also another criteria for determining test time. Larger confidence level requires longer number of samples to be run resulting in longer test time. In LTE target confidence level was 95%. We recommend that RAN4 discusses the target confidence level that shall be used for URLLC test cases.
· Number of errors observed
· The confidence interval for a certain BLER target is related to the number of samples and number of observed errors. Another factor in deciding the test time is the number of errors observed before pass/fail decision is made. In early decision concept adopted in RAN5 [2], the pass fail criteria are determined by the number of errors observed for a number of samples tested. 
Observation #1: The test methodology factors that affect test time are – Target BLER level, Target confidence levels and number of errors
Proposal #1: RAN4 further discuss and decide on the Target BLER level, confidence level and number of errors to determine feasibility of introducing requirements for URLLC targeting high reliability
· Test case related factors
· Propagation channel conditions
· AWGN channel conditions are expected to provide the smallest test time since the transmissions in the consecutive slots can be considered as independent. For fading channels the test time is expected to increase due to correlated performance in the adjacent slot. Overall, channel coherence time in case of fading channel is expected to have impact on the overall test time. In our view further decision on whether AWGN or fading conditions shall apply for URLLC 10-5 BLER testing shall apply.
· Antenna Correlation
· With multiple TX/ RX antenna configurations, the antenna correlation would affect the total test time. With lower antenna correlation the samples are less correlated over time and smaller test time would be needed as compared with higher antenna correlation. Antenna correlation should be considered while evaluating test time.
· Single packet transmission time
· The time for single packet transmission is based on several factors, like SCS, slot vs non-slot based transmission. If a packet is transmitted in 1 slot, the time for transmission reduces as the SCS increases. Also, with non-slot based transmission, the time reduces even further. The SCS and transmission scheme should be considered while determining test time.
· Duplexing mode and TDD configuration
· In FDD mode all slots are used for DL transmission, where as in TDD mode due to uplink slots, the total time required for the same test would be longer. Also the TDD configuration and number of DL vs. UL slots would also dictate the total test time. 
Observation # 2: The test case related factors that affect test time are – Propagation channel conditions, Antenna correlation, Packet transmission time, Duplexing mode and TDD configuration
Proposal #2: To determine feasibility of introducing test cases for high reliability for URLLC, RAN4 should discuss the test cases parameters like - Propagation channel conditions, Antenna correlation, Packet transmission time, Duplexing mode and TDD configuration
· Amount of tests with URLLC requirement
· In Rel-15 NR the features in DL introduced for high reliability are PDSCH slot aggregation, Additional CQI and MCS tables. In order to test the high reliability requirement for URLLC it would be sufficient to test either slot aggregation or new CQI test with CQI Table 3, or in some way combine and test both features in the same test case. In this way we could reduce the number of test cases with high reliability target and also test the new features for URLLC. 
Proposal #3: If it is feasible to introduce test cases for high reliability for URLLC, introduce limited number of test cases.
Initial test time analysis
In order to decide on the particular parameters, RAN4 needs to analyze the expected test time under different conditions. Existing RAN5 methodology for the minimum test time can be used as a starting point for such analysis. In RAN5 various statistical techniques were used to determine the minimum testing time in LTE [2].  We employ some of the techniques to determine test time for target BLER of 10-5 for URLLC.
In TS 36.521-1, Annex G.2 the pass fail limits for Statistical testing of receiver characteristics for target BLER of 0.05 are provided. The procedure to derive these limits are also provided in Annex G.7.10. This procedure would mainly apply for static channel conditions and could be extended for deriving the number of samples needed for a given number of observed errors to achieve <10-5 BLER target with 95% confidence level. 


Where
-	fail(..) is the error ratio for the fail limit
-	pass(..) is the error ratio for the pass limit
-	ER is the specified error ratio 0.05
-	ne is the number of bad results. This is the variable in both equations
-	M is the Bad DUT factor M=1.5
-	df is the wrong decision probability of a single (ne,ns) co-ordinate for the fail limit. 
	It is found by simulation to be df = 0.004
-	clp is the confidence level of a single (ne,ns) co-ordinate for the pass limit.
It is found by simulation to be clp = 0.9975
-	qnbinom(..): The inverse cumulative function of the negative binomial distribution
Table 1 below provides the minimum number of samples needed for 95% CL to achieve 99.999% reliability based on the method used in RAN5. 
Table 1: Minimum number of samples for 10-5 BLER
	Number of errors
	Minimum number of samples

	0
	299573

	1
	399428

	2
	547461

	3
	674977

	4
	792479

	5
	903735

	6
	1010611

	7
	1114195

	8
	1215187

	9
	1314066

	10
	1411183



In order to test 99.999% reliability, in static channel conditions at least 300,000 slots of transmission are needed with no errors to guarantee the reliability target for URLLC. With increased number of errors, larger number of slots are required to achieve the reliability target. Also, for higher confidence level the number of samples would also increase.
Observation #4: In static channel conditions at least 300,000 slots of error free transmission are needed to ensure 99.999% reliability target for URLLC with 95% confidence level

For fading channel conditions the methodology in RAN5 to derive minimum test time is based on simulation detailed in Annex G.3.5 and is based on simulation to derive the time for throughput to converge within a certain margin in fading channel conditions.

[bookmark: _MON_1365603979][image: ]
Figure 1: Methodology to derive minimum test time in fading conditions
For fading channel conditions the minimum number of slots required depends on the channel coherence time, antenna correlation, allowance used to derive the margin/ confidence range. The following simulation assumptions were used to derive the minimum number of slots.
Table 2: Simulation parameters to derive minimum number of slots
	Parameter
	Value

	CBW/SCS
	10MHz/15KHz

	MIMO
	2x2 ULA Low

	Channel Model
	TDLB100-400Hz

	PDSCH Type
	Type A

	MCS
	MCS4, QPSK

	Number of Layers
	1

	SNR Allowance
	 ±0.2dB



The minimum number of slots for target BLER of 10%, 1%, 0.1%, 0.01% was derived for TDLA100-400Hz channel 
Table 3: Minimum number of slots to achieve target BLER in fading conditions
	Target BLER
	Minimum number of samples

	0.1
	608

	0.01
	4473

	0.001
	15377

	0.0001
	155864



Extrapolating from the available data, the minimum number of samples for target BLER of 10-5 would likely be in the order of 1,000,000 slots. 
Observation #5: The minimum number of samples to realize reliability target of 99.999% in fading channel with low antenna correlation, high Doppler is > 1,000,000 slots
The number of slots required for low Doppler conditions or high antenna correlation would be significantly higher.
Observation #6: The minimum number of samples to achieve target reliability of 99.999% in fading channel conditions with low Doppler or high antenna correlation would be very large

The minimum test time in NR would depend on the SCS. For the sample number of required samples the testing time decreases as SCS increases. In static channel conditions at least 300,000 slots of error free transmission are required to ensure reliability target of 99.999%. That translates to different testing time depending on SCS. The table below shows minimum test time for slot based transmission.

Table 4: Minimum test time in AWGN for different SCS
	SCS
(KHz)
	Minimum testing time (sec)

	15
	300

	30
	150

	60
	75



The testing times to achieve reliability target of 99.999% with error free transmission is very reasonable in AWGN channel conditions with higher SCS. With non-slot based transmission, the testing time would further decrease.
Observation #7: The minimum testing time in static channel condition to achieve 99.999% reliability target with error free transmission is very reasonable, especially for high SCS
Hence we propose to prioritize test cases in static channel conditions to test features with high reliability for URLLC. 
Proposal #4: Prioritize test cases in static channel for high reliability for URLLC
Conclusion
In this contribution we present our views on feasibility of introducing requirements for test metric of 99.999% reliability for URLLC. Our observations and proposals are summarized below:
Observation #1: The test methodology factors that affect test time are – Target BLER level, Target confidence levels and number of errors
Proposal #1: RAN4 further discuss and decide on the Target BLER level, confidence level and number of errors to determine feasibility of introducing requirements for URLLC targeting high reliability
Observation # 2: The test case related factors that affect test time are – Propagation channel conditions, Antenna correlation, Packet transmission time, Duplexing mode and TDD configuration
Proposal #2: To determine feasibility of introducing test cases for high reliability for URLLC, RAN4 should discuss the test cases parameters like - Propagation channel conditions, Antenna correlation, Packet transmission time, Duplexing mode and TDD configuration
Proposal #3: If it is feasible to introduce test cases for high reliability for URLLC, introduce limited number of test cases.
Observation #5: The minimum number of samples to realize reliability target of 99.999% in fading channel with low antenna correlation, high Doppler is > 1,000,000 slots
Observation #6: The minimum number of samples to achieve target reliability of 99.999% in fading channel conditions with low Doppler or high antenna correlation would be very large
[bookmark: _GoBack]Observation #7: The minimum testing time in static channel condition to achieve 99.999% reliability target with error free transmission is very reasonable, especially for high SCS
Proposal #4: Prioritize test cases in static channel for high reliability for URLLC
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