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Introduction
[bookmark: _GoBack]The revised WID on Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC) was approved at TSG RAN #84 [1]. One of the added objectives for phase 1 of this work item is to separately study the test methodology for both BS and UE for the test metric of 99.999% reliability, as discussed in [2].
	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



This contribution provides our preliminary study and view on test methodology for BS for the test metric of 99.999% reliability.


Discussion
The evaluation methodology for high reliability in RAN1 has generally followed the points outlined in [3], which respects the ITU target for reliability in IMT 2020. We summarize this target as: Transmitting a data unit of 32 bytes with a (1-1e-5) success probability [4, Section 4.10]. We will furthermore follow the simplification in [3] and assume that the TBS is exactly 32 bytes, and CRC is not considered.
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.

Taking the common definition of block error rate/ratio (BLER) into account, e.g. [5, section F.6.1.1]:
	2)	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.



The ITU target for reliability becomes the more “classical” RAN4 RRM requirement: BLER of 1e-5 for a transport block (TB) with TBS 32 byte (including CRC).
TBS 256 (i.e., 32 byte) is TBS index 26 [6, section 5.1.3.2], but depending on the number of allocated resource elements (REs), DM-RS/PT-RS configuration, and other system configurations, a different TBS might need to be chosen along with zero-padding, when performance requirements are defined.
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.

The test metric of 99.999% reliability is equivalent to the test metric of 0.001% (= 1e-5) block error rate (BLER). BLER is essentially a statistical average and thus is only valid when a sufficiently large number of TBs have been transmitted. For example, having more than one error within a group of 1e5 TBs would still meet a 1e-5 BLER specification, when the total number of transmitted TBs is much greater than 1e5 and having less than 1 error in 1e5 TBs for subsequent portions of the data stream. Alternately, having zero errors within a group of 1e5 TBs would still violate a 1e-5 BLER specification, if there are more errors in subsequent portions of the data stream. Therefore, a system that specifies a BLER better than 1e-5 must be tested by transmitting significantly more than 1e5 TBs to get an accurate and repeatable measurement. The question is how many bits must be transmitted through the system to prove BLER compliance to the specification.
The test times required to complete the BLER testing are directly proportional to the total number of transmitted TBs required, and thus the test times are inversely proportional to the BLER test metric. Since practical BLER testing requires finite test times, we must accept less than perfect BLER test with the finite test times 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).
In UTRAN system, the test metrics of 10%, 1% or 0.1% BLER are specified for BS performance in TS 25.141 [7] (see also [5], which applies to UE testing only, but is included here since it contains more explications), where Annex C specifies the test methodology for the BLER performance. In UTRAN BLER testing, the time for target number of error events as well as the BLER limits for early fail and pass are specified for each BLER test, to achieve the CL of 99.8% for failing a good device under test (DUT) or passing a bad DUT. To be a bit more precise, using a “bad DUT factor”, the risk to pass a bad DUT is actually even lower than the risk to fail a good device.
This test methodology has been specified since R99 of UTRA and thus has been used for nearly two decades. As such this methodology is familiar to many test experts in the field and supported by many test equipment worldwide. Therefore, we consider it logical to use this test methodology as a starting point to develop the test methodology for the test metric of 99.999% reliability. 
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].
We remark that the appendix “General rules for statistical testing” was empty in LTE [8] and previous offline discussion in RAN4 BS demodulation have led to the conclusion of not re-introducing it in NR [9, 10]. 
The general census was that applying sufficient test statistics is already enforced by the text in [9, section 4.1.3, “Interpretation of measurement results”] and [9, section 4.1.2, “Acceptable uncertainty of Test System”].
Unfortunately, [9, section 4.1.2] is not applicable to the reliability testing discussed here. [9, section 4.1.2] says that 95% of the test equipment population shall fulfil the uncertainty specified for each requirement; it does not give the CL for passing a bad UE or failing a good UE.

One downside of directly adopting the UTRA measurement statistics is the much lower 1e-5 BLER target (hundred times lower compared to the UTRA ones), which might mean that much longer test times (hundred times longer) would be needed to achieve the same CL.
However, the UTRA test times were often dominated by chosen minimum testing times [7. table C.2] [5, table F.6.1.6.2], which range up to greater than 600 seconds. The minimum testing times, where chosen based on the propagation environment specified in the test, for example, in high speed train tests the minimum testing time is specified to allow for 4 approaches of the train to a BS radio head during test. Other reasons are given for all other kinds of propagation scenarios. Further details are found in [5, section F.6.1.6].
For high reliability testing in NR Rel-16, the statistical requirements, discussed previously, will exceed the minimum testing times in some scenarios, but the feared 100 times should be an exception.
A simplified estimation of expected worst case testing time (disregarding scenario based minimum testing time, early termination, and without HARQ) might look as follows:
Table 1: Configuration of high reliability PUSCH testing example
	High reliability system 
	PUSCH only
	

	
	No HARQ
	

	
	Uplink-downlink allocation for TDD
	7D1S2U, S=6D:4G:4U

	
	TDRA
	start=0, length=5

	
	DMRS
	1+0

	
	CDM group(s) without data
	2

	
	Bandwidth and SCS
	10MHz / 30kHz (24RB)

	
	TBS
	272 bits

	
	
	

	High reliability features
	pusch-AggregationFactor
	n4

	
	mcs-Table
	qam64LowSE

	
	maxRank
	1

	
	I_MCS
	6 (R=120/1024, Q_m=2)

	
	
	

	Statistics requirements
	Target Error Events (ne)
	345 [TS25.141, table C.4]

	
	
	



For transport channel processing, up to 4 layers (maximum in UL) there is at most one TB per CC per device per TTI. Where one TTI duration corresponds to a number of consecutive symbols in the time domain in one transmission direction [11, section 5.4.7]. 
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.
[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.

Consequently, we also consider it logical to study other additional techniques (based on the UTRA test methodology) to shorten the test times required to complete the BER testing:
In order to be a suitable candidate for shortening the test times, any considered solution must be able to reliably detect error floors in the reliability. Error floors can be caused by systematic errors, for example coming from an implementation issue. It is one of the main tasks of the RAN4 demodulation group to find issues with the implementation, so this needs to be investigated.
1. RAN4 to investigate methods to reduce testing times, while not neglecting the detection error floors caused by implementation problems.


Conclusion
This contribution has provided our preliminary study and view on test methodology for BS for the test metric of 99.999% reliability. To conclude, we consider it logical to use the UTRA test methodology for the BER performance as a starting point to develop the test methodology for the test metric of 99.999% reliability, and further study other additional techniques (based on the UTRA test methodology) to shorten the test times required to complete the high reliability testing. Our understanding of the 99.999% reliability metric follows the previous work of RAN1.

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.
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