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	Tdoc
	Title
	Source
	Proposal

	R4-1908055
	NR demodulation test methodology for the test metric of 99.999% reliability
	Ericsson
	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


	R4-1908136
	On the test methodology for BS for test metric of 99.999% reliability
	Nokia, Nokia Shanghai Bell
	1. RAN4 to follow RAN1 and ITU in the definition of 99.999% reliability, as transmitting a data unit of 32 bytes with a (1-1e-5) success probability.
1. RAN4 to consider high reliability requirements to mean a BLER of 1e-5 for a transport block (TB) of at least TBS 32 byte (including CRC), the error event being wrong CRC.
1. Base the test methodology for high reliability data unit transmission testing and minimum requirements on the UTRA BER test methodology from TS 25.141 [7]/TS 34.121-1 [5].
1. Some preliminary worst case test case configuration result in unreasonably long testing times, if the BER testing methods from UTRA are adopted directly.
1. RAN4 to investigate methods to reduce testing times, while not neglecting the detection error floors caused by implementation problems.


	R4-1909926
	On the test methodology for low latency requirements
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4 to formulate and test low latency performance requirements in terms of time required between reception of a TTI at the UE, and a HARQ response being sent.
While also making following observation:
Observation 1: Testing the latency requirements set by IMT 2020 in RAN4 RRM test seems challenging.

	R4-1908145
	Views on Testability for URLLC
	Qualcomm Incorporated
	Proposal 1: Consider below two options for running tests for testing 10-5 PDSCH BLER:
· Option 1: Run the test continuously for long enough time ~3hrs.
· Option 2: Run multiple small duration tests with different channel seeds and combine the results later.
Proposal 2: Use 2 symbol PDSCH Type B grant and set HARQ parameter k1 = 0 for testing URLLC low latency.
Proposal 3: Use FR1.30-2 (DDDSU, S = 10D+2G+2U) slot pattern and schedule grant only on S slot for testing URLLC low latency for TDD. 


	R4-1908198
	Discussion on test feasibility of URLLC requirements
	Intel Corporation
	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
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


	R4-1909170
	UE/BS demodulation requirements for low latency
	Ericsson
	Observation 1: From UE demodulation test point of view, there is no mechanism to measure the DL L2/L3 SDU latency from outside UE.
Observation 2: From BS demodulation test point of view, there is no mechanism to measure the UL L2/L3 SDU latency from outside BS.
If the low latency requirements are specified together with high reliability (or ultra low error) condition, it may need lower MCS and/or higher SNR test points. In this case, RAN4 also need to consider the latency related parameters such SCS, TDD UL/DL configuration, and maximum number of HARQ retransmissions, in order to satisfy the target latency.  
[bookmark: _Hlk15056640]Proposal: For the low latency requirement, RAN4 should reuse the Rel-15 or the ultra low error rate testing approach as appropriate. Maximum number of HARQ retransmission could be reduced if necessary. 

	R4-1909249
	General overview of URLLC feature
	Ericsson
	Observation 1: The throughput requirement depending on the number of retransmissions sent can vary even though the reliability requirement is satisfied.
Proposal 1: RAN4 should discuss the test metric for the shared channels (PDSCH/PUSCH) for URLLC considering the testability
Proposal 2: The low latency criterion should be satisfied on a test configuration basis reusing Rel-15 UE/BS demodulation tests. 
Proposal 3: Ultra-Reliability, and Low Latency testing combination would need to be discussed to see if there is a need to set requirements that satisfies both requirements.
Proposal 4: If there are scenarios which needs both Ultra-Reliability and Low Latency further testing methodology will need to be developed to ensure both performance requirements.
Observation 2: There might be other sources of error outside of the demodulation tests which would cause the overall system requirements to not reach the reliability and/or the latency requirements.

	R4-1909872
	Work Plan for URLLC demodulation requirements
	Huawei, HiSilicon
	

	R4-1909873
	Discussion on URLLC test methodology
	Huawei, HiSilicon
	Proposal 1: Enough and aligned number of slots for simulation should be agreed for the proper demodulation performance requirements definition, such as 2,000,000 slots.
Observation 1: No demodulation performance requirements need to be defined for low latency related NR Rel-15 URLLC features.
Observation 2: Protocol functionality test can be defined to verify higher layer related features for low latency if needed.
Proposal 2: No demodulation performance requirements needs to be defined and protocol functionality test can be used to verify higher layer related features for low latency if needed.


	R4-1909894
	Views on testability for URLLC performance requirements
	NTT DoCoMo
	For target reliability and latency in RAN4 URLLC requirements:
Proposal 1: 
· Study and define clear target latency for Rel-15/16 URLLC performance requirements in RAN4.
· “Air-interface latency” including HARQ re-transmission delay is a candidate definition of target latency to focus on PHY layer latency.
Proposal 2: 
· 99.999% is target reliability for Rel-15 URLLC performance requirements.
· Study and define clear target reliability for Rel-16 URLLC performance requirements, e.g. highest reliability such as 99.9999% in RAN1 SI or 99.99999 % in SA1 SI.
For test methodology for reliability:
Proposal 3: Update statistical testing methodology in RAN5 specification for target reliability, e.g. 99.999%, and evaluate required testing time for URLLC. 
For test methodology for latency:
Proposal 4: For configured uplink grant, investigate trade-off between configurable transport block sizes and periodicity of configured grant from the view point of blind detection capability at BS side.




Discussions for UE demod
[bookmark: _Hlk514409684]Issue 1: Work Plan (R4-1909872)
Discussion:
Intel: Whether need to decouple the test methodology for 99.999% and 99.9999%. maybe we can take into account both
Ericsson: Maybe the test methodology for several meetings. Prioritize the rel-15 discussion. Methodology and test parameters can be discussed together.
Samsung: same view as E///. 
QC: Two features

Possible Agreements:
Revised the WP to capture the concerns from companies

Issue 2: Test metric of 99.999% reliability for URLLC
Issue 2.1: Method on how to test 99.999%
Agreements in the last RAN4#92 meeting (R4-1904715):
Background:
· ITU target for reliability in IMT 2020: Transmitting a data unit of 32 bytes (TBS 256)with a (1-1e-5) success probability
· Block Error Ratio (BLER): A Block Error Ratio is defined as the ratio of the number of erroneous blocks received to the total number of blocks sent. An erroneous block is defined as a Transport Block, the cyclic redundancy check (CRC) of which is wrong
· In statistical terms, the BLER CL can be defined as the probability, based on ne detected errors out of ns transmitted bits, that the real BLER (i.e., the BLER that would be measured if the number of transmitted bits was infinite) would be less than a specified ratio 1-F, i.e., confidence level = P (BER<1-F|ne^ns).
· TR 38.913 
	· User plane latency
The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.
NOTE1: The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.
· Reliability
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 1-10^-5 for 32 bytes with a user plane latency of 1ms.


RAN1 specified Rel-15 URLLC features to enable above reliability and latency requirements.

Open issues:

Target BLER level: 99.999%?

1: Test method
Option 1: Extrapolation to higher BLER operating point to reduce test time for some of the test coverage (Ericsson)
Option 2: Run the test contiguously for long enough time ~ several hours (Qualcomm)
· Huge log size for both UE and TE for processing and debugging
· UE may heat up and create come thermal issues for such long duration
· TE may also have some issues with contiguously transmitting grants for such long time
Option 3: Run multiple small duration tests with different channel seeds and combine the results later (Qualcomm)
· Can avoid long duration of tests
· RRM connection setup procedure will have to be repeated for each run since TE will have to be reset to change the channel seed. This will add to the total test duration. 
Option 4: Update statistical testing methodology in RAN5 specification for target reliability, e.g. 99.999%, and evaluate required testing time for URLLC (DCM)

2: Confidence levels
· [95%, 98%, 99%, 99.5%]
3: The number slots of transmission to reach 99.999%:
· Static channel conditions at least 300,000 slots of transmission are needed with 95% confidence level (Intel)
· Fading channel: 2,000,000 slots?
· Fading with low antenna correlation, high Doppler is > 1,000,000 slots
· Fading with high antenna correlation and low Doppler will be very large
· higher confidence level the number of samples would also increase

· UTRA BLER test methodology from TS 25.141/34.121-1 as a starting point

Discussion:
Intel: use the test methodology from RAN5, feasible or not?
Qualcomm: RAN5 test methodology is just to run simulation for long time. The issue is the test time.
Intel: the time is feasible or not?
E///: test time and confidence level relationship；one test for one CL, another for another CL. Reliable?
Nokia: who can summarize the statistics used by RAN5 difference from RAN4 statistics?
E///: Whether the 95% CL is feasible to meet such 99.999% reliability
Nokia: test methodology from 3G used by RAN4. need to 
ZTE: analyze the physical layer delay budget, 99.999% is for system, need to consider both. Test 
E///: why we test both of latency and reliability? Reliability needs to consider the retransmission. Try to under the CL.
QC: Separate UE capability for latency and reliability
Nokia: separate test for latency and reliability. Reliability distribution dependents on the channel model.
Ericsson: Option1 is not replacement to reduce long test.
Nokia：Practical feasibility is another issue. Follow what is existed, 3G used by RAN4?\ TS 34.141
Intel: AWGN calculated from RAN5 formula

Possible Agreements:


Issue 2.2: Factors affecting test time
Agreements in RAN4#91 meeting (R4-190xxxx):

Open issues:

· Test cases related factors affecting test time
· Propagation channel conditions: AWGN(static channel) or fading channel
· Antenna correlation
· Low antenna correlation and high Doppler v.s. High antenna correlation and low Doppler
· Number of retransmission
· Duplexing mode: FDD or TDD and TDD configuration
· Slot and non-slot based
· SCS: higher SCS
· Test metric: BLER 99.999% or xx% throughput


E///:
· SNR operating points
· Investigate PDCCH/PUCCH performance for higher reliability



Discussion:
Intel:
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.
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

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
Proposal #4: Prioritize test cases in static channel for high reliability for URLLC


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
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


Possible Agreements:



Issue 3: Test ability for Low Latency for URLLC
Background:
· TS 38.214 section 5.3:
	Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1






· TR 38.913 “Study on Scenarios and Requirements for Next Generation Access Technologies”
[bookmark: _Toc519780360]7.5	User plane latency
· The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
· For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.
· As it is defined, latency is the time from L2/L3 SDU (Service Data Unit) transmission to the L2/L3 SDU reception,

Issue 2.1: Test Method for Low Latency
Agreements in the last RAN4#92 meeting (R4-1904715):

Open issues:
Performance requirements for low latency of URLLC:
· Option 1: No demodulation performance requirements need to be defined for Low Latency
· RAN5 just defines the protocol functionality test (Huawei)
· Option 2: Define normal demodulation requirements
· Option 2-1: 2-symbol PDSCH type B with  k1=0, schedule grant only on the S slot by using DDDSU, S=10:2:2 (Qualcomm)
· Option 2-2: Reuse the Rel-15 demodulation tests by considering the latency related parameters such as SCS, UL/DL configuration, max number of HARQ retransmission to satisfy the target latency, if combine low latency requirements with high reliability condition. (Ericsson)

Target latency definition:
1: In terms of time required between reception of a TTI at the UE, and a HARQ response being sent.(Nokia)
2: “Air-interface latency” including HARQ re-transmission delay is a candidate definition of target latency to focus on PHY layer latency (DCM)

Discussion:
Qualcomm:
· Proposal 2: Use 2 symbol PDSCH Type B grant and set HARQ parameter k1 = 0 for testing URLLC low latency.
· Proposal 3: Use FR1.30-2 (DDDSU, S = 10D+2G+2U) slot pattern and schedule grant only on S slot for testing URLLC low latency for TDD. 

Ericsson:
· DL latency: From UE demodulation point of view, no mechanism to measure the DL L2/L3 SDU latency from outside UE
· UL latency: From BS demodulation test point of view, no mechanism to measure the UL L2/L3 SDU latency from outside BS.
· Proposal: For low latency requirements, RAN4 should reuse the Rel-15 or the Ultra low error rate testing approach as appropriate. Maximum number of HARQ retransmission could be reduced if necessary 

NTT DoCoMo:
Proposal 1: 
· Study and define clear target latency for Rel-15/16 URLLC performance requirements in RAN4.
· “Air-interface latency” including HARQ re-transmission delay is a candidate definition of target latency to focus on PHY layer latency.
Proposal 4: For configured uplink grant, investigate trade-off between configurable transport block sizes and periodicity of configured grant resources from the view point of blind detection capability at BS side.

Nokia:
Generally think RAN4 cannot define test on the application layer, hence any tests involving the ingress/egress points of the radio protocol layer are not feasible
Also it is challenging to test the latency requirements set by IMT 2020 in RAN4 RRM in terms of time required between reception of a TTI at the UE and a HARQ response being set.

Intel: firstly discuss the feasibility before go to the details discussion
QC: To test the processing time 
E///: L2 Latency is not testable from demodulation, L1 latency is testable.
ZTE: What is latency budget for different layers?
MTK: Mini-slot test. Send LS to RAN1 what is the test configuration for the latency test?
QC: At least test PDSCH processing capability 2 for low latency. Focus on PDSCH,
Nokia: low latency is test a specific feature? Low latency
QC: We do not test PDSCH, you cannot ensure the some latency.
Ericsson: Feature test. Low latency
Nokia: feasible to latency


Possible Agreements:
Test metric of delay is not feasible for low latency test in RAN4.
Low latency related features are feasible to be tested under the test metrics other than delay, such as throughput and/or BLER.
Issue 4: Whether consider test to achieve both Ultra-Reliability and Low Latency?
Agreements in the previous meeting RAN4#90(R4-1902434):

Open issues:
Discuss if there is a need to set requirements that satisfies both Ultra-Reliability and Low Latency?
Option 1: Set requirements that satisfy both 99.999% reliability and low latency
Option 2: Set requirements for 99.999% reliability and low latency separately if needed. (Nokia, Huawei)



Discussion:
ZTE: need to consider the association between latency and reliability?

Agreements:
[bookmark: _GoBack]No combined performance requirements will be defined for reliability and low latency.

Issue 5: Whether consider the target reliability of both Rel-15 99.999% and Rel-16 99.9999% and its test methodology at the same time from the beginning??
Agreements in the previous meeting RAN4#90(R4-1902434):

Open issues:
Proposal 2: (NTT DoCoMo)
· 99.999% is target reliability for Rel-15 URLLC performance requirements.
· Study and define clear target reliability for Rel-16 URLLC performance requirements, e.g. highest reliability such as 99.9999% in RAN1 SI or 99.99999 % in SA1 SI.


Discussion:
Comments: the WID is clearly stated the test methodology for 99.999%, it is the Rel-15 test reliability requirement, if consider both from the beginning, the WID needs to be updated
If we consider both, but the Rel-16 URLLC is still under discussion



Agreements:


Issue 6: Test factors for final performance requirements
Agreements in the previous meeting RAN4#91():

Open issues:
DL:


UL:




Discussion:


Agreements:

Discussions for BS demod
Contributions list and summary of proposals
	Tdoc
	Title
	Source
	Proposal

	R4-1908136
	On the test methodology for BS for test metric of 99.999% reliability
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4 to follow RAN1 and ITU in the definition of 99.999% reliability, as transmitting a data unit of 32 bytes with a (1-1e-5) success probability.
Proposal 2: RAN4 to consider high reliability requirements to mean a BLER of 1e-5 for a transport block (TB) of at least TBS 32 byte (including CRC), the error event being wrong CRC.
Proposal 3:Base the test methodology for high reliability data unit transmission testing and minimum requirements on the UTRA BER test methodology from TS 25.141 [7]/TS 34.121-1 [5].
1. Some preliminary worst case test case configuration result in unreasonably long testing times, if the BER testing methods from UTRA are adopted directly.
1. RAN4 to investigate methods to reduce testing times, while not neglecting the detection error floors caused by implementation problems.


	R4-1909926
	On the test methodology for low latency requirements
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4 to formulate and test low latency performance requirements in terms of time required between reception of a TTI at the UE, and a HARQ response being sent.
While also making following observation:
Observation 1: Testing the latency requirements set by IMT 2020 in RAN4 RRM test seems challenging.

	R4-1909170
	UE/BS demodulation requirements for low latency
	Ericsson
	Observation 1: From UE demodulation test point of view, there is no mechanism to measure the DL L2/L3 SDU latency from outside UE.
Observation 2: From BS demodulation test point of view, there is no mechanism to measure the UL L2/L3 SDU latency from outside BS.
If the low latency requirements are specified together with high reliability (or ultra low error) condition, it may need lower MCS and/or higher SNR test points. In this case, RAN4 also need to consider the latency related parameters such SCS, TDD UL/DL configuration, and maximum number of HARQ retransmissions, in order to satisfy the target latency.  
Proposal: For the low latency requirement, RAN4 should reuse the Rel-15 or the ultra low error rate testing approach as appropriate. Maximum number of HARQ retransmission could be reduced if necessary. 

	R4-1909872
	Work Plan for URLLC demodulation requirements
	Huawei, HiSilicon
	




Issue 1: Test metric of 99.999% reliability for URLLC
Issue 1.1: Factors affecting test time
Agreements in RAN4#91 meeting (R4-190xxxx):

Background:
· ITU target for reliability in IMT 2020: Transmitting a data unit of 32 bytes (TBS 256)with a (1-1e-5) success probability
· Block Error Ratio (BLER): A Block Error Ratio is defined as the ratio of the number of erroneous blocks received to the total number of blocks sent. An erroneous block is defined as a Transport Block, the cyclic redundancy check (CRC) of which is wrong
· In statistical terms, the BLER CL can be defined as the probability, based on ne detected errors out of ns transmitted bits, that the real BLER (i.e., the BLER that would be measured if the number of transmitted bits was infinite) would be less than a specified ratio 1-F, i.e., confidence level = P(BER<1-F|ne^ns).
· TR 38.913 
	· User plane latency
The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.
NOTE1: The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.
· Reliability
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 1-10^-5 for 32 bytes with a user plane latency of 1ms.


RAN1 specified Rel-15 URLLC features to enable above reliability and latency requirements. In Rel-16 NR, furthermore,


Open issues:
Test methodology:
Option 1: Based on UTRA BER test methodology from TS 25.141 [7]/TS 34.121-1 [5]. (Nokia)

Discussion:
Nokia:
· Follow the RAN1 and ITU in the definition of 99.999% reliability, at least TBS: 32 bytes (including CRC), the error event being wrong CRC
· Statistical confidence levels (CL)
· UTRA BLER test methodology from TS 25.141/34.121-1 as a starting point
· Not neglect the detection error floors caused by implementation problem

BLER is essentially a statistical average and thus is only valid when a sufficiently large number of TBs have been transmitted.
How many bits must be transmitted through the system to prove BLER compliance to the specification?
Less than perfect BLER test with the finite test time and adopt the concept of statistical confidence levels (CL) to determine how many transmitted TBs are enough for the desired confidence levels. In statistical terms, the BLER CL can be defined as the probability, based on ne detected errors out of ns transmitted bits, that the real BLER (i.e., the BLER that would be measured if the number of transmitted bits was infinite) would be less than a specified ratio 1-F, i.e., confidence level = P(BER<1-F|ne^ns).
To achieve the statistics requirements from table 1, one expects to test 345*1/BLER= 3’450’000TBs. But each TB takes up n8 PUSCH slots (assuming the non-mandatory UE capability “pusch-DifferentTB-PerSlot” [12] is not supported), and due to the TDD allocation, only 2 in 10 slots can carry the 5 required PUSCH symbols. So, in summary we expect to wait for approximately 69’000’000 slots, or 575 minutes, to achieve the target ne.
1. [bookmark: _Hlk16620904]Some preliminary worst case test case configuration result in unreasonably long testing times, if the BER testing methods from UTRA are adopted directly.

Proposal 4: RAN4 to investigate methods to reduce testing times, while not neglecting the detection error floors caused by implementation problems.
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