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1	Background
The minimum test time for PDSCH demodulation test cases have been specified in TS 38.521-4 for various fading channel and RMCs [1-3]. Most test cases have the minimum requirement of 70% or 30% throughput.
In Rel-16, RAN4 specified a new type of PDSCH demodulation test cases with minimum requirement of 1% residual BLER. The relevant test cases include following:
[bookmark: _Toc61120888][bookmark: _Toc67918033][bookmark: _Toc76298076][bookmark: _Toc76572088][bookmark: _Toc76651955][bookmark: _Toc76652793][bookmark: _Toc83742065]5.2.2.1.6	Minimum requirements for PDSCH repetitions over multiple slots
[bookmark: _Toc67918041][bookmark: _Toc76298084][bookmark: _Toc76572096][bookmark: _Toc76651963][bookmark: _Toc76652801][bookmark: _Toc83742073]5.2.2.1.14	Minimum requirements for PDSCH with single-DCI based Inter-slot TDM scheme
The minimum test time for legacy test cases can’t apply to 1% residual BLER test cases. This discussion paper provides some simulation result and consideration on proper minimum test time.
2	Discussion
In RAN4#94 meeting, some initial simulation results were reviewed and discussed[4]. It showed that residual BLER doesn’t converge to the BLER corridor of 1% +/- 0.1% for all the 30 seeds with the simulation time of 70s. The group suggested to further extend the simulation time to see the maximum time needed for the UE to converge.
Based on the discussion, new simulation was run for following two test cases. 30 seeds were run for each test cases, and the simulation time is 200s for each seed. During the simulation, the SNR was not exactly the same as RAN4 core requirement, but carefully selected so that the residual BLER achieves 1%.
The simulation was only based on FDD 2RX test cases. TDD test cases could reuse the same minimum test time by properly scaling according to the UL/DL configuration. The 4Rx test cases are expected to converge faster, therefore the minimum test time derived by 2Rx test cases could be applied.
	
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	SNR (dB)
	Simulation time
	# of Seeds

	5.2.2.1.6
	R.PDSCH.1-11.1 FDD
	10 / 15
	16QAM, 0.54
	-
	TDLA30-10
	2x2, ULA Low
	1.6
	200s
	30

	5.2.2.1.14
	R.PDSCH.1-11.2 FDD
	10 / 15
	16QAM, 0.54
	-
	TDLA30-10 
	2x2, ULA Low 
	2.9
	200s
	30



The convergence time is acquired when the throughput curve enters the convergence corridor. Four convergence corridors are considered: 1%+/-0.1% ~ 1%+-0.5%.
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Below figures summarize the simulation result. 
Table 1 Simulation result for test case 5.2.2.1.6
	BLER Convergence corridor
	Maximum converge time
	No. of not converged seeds

	1% +/- 0.1%
	200s
	16

	1% +/- 0.2%
	132s
	11

	1% +/- 0.3%
	85s
	8

	1% +/- 0.5%
	200s (NOTE 1)
	3

	NOTE 1: There are two seeds that converge to 1% +/- 0.5% by 190~200s, which couldn’t converge at all for narrower corridors. If these two seeds are taken out, the maximum converge time is 29s.



Table 2 Simulation result for test case 5.2.2.1.14
	BLER Convergence corridor
	Maximum converge time
	No. of not converged seeds

	1% +/- 0.1%
	190s
	17

	1% +/- 0.2%
	184s
	10

	1% +/- 0.3%
	80s
	6

	1% +/- 0.5%
	70s
	2



Based on the simulation result, following observations could be made:
Observation 1: With the BLER convergence corridor selected as 1%+/-0.1, more than half of the seeds couldn’t converge.
Observation 2: Only with BLER convergence corridor selected as 1%+/-0.5%, most of the seeds could converge.
Even with the BLER convergence corridor of 1%+/-0.5%, not all the seeds could converge. Those outstanding seeds would converge to a relatively far BLER point. Below figure shows the converged BLER point for each seed at the end of 200s.
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Although the converged BLER point of different seeds vary, the BLER is not fluctuating too much for each single seed. Taking the worst seed which converges to 2.5% as an example, it doesn’t take too much time for the BLER to reach the final 2.5% BLER.
[image: ]
Based on the simulation results, it seems the minimum test time should be decided as at least 200s, which could allow most seeds converge into the 0.5% corridor.
Proposal 1: The minimum test time is decided as 200s with the assumption of 1%+/-0.5% convergence corridor.
Considering the converged BLER point would be up to 1.5%, which might lead to mistakenly failing a conformant DUT, some tolerance needs to be considered.
In existing PDSCH demodulation test cases, the SNR uncertainty due to finite test time is adopted as ±0.3 dB for 10Hz Doppler, otherwise ±0.0 dB ±0.
For 1% residual BLER, a delta SNR between 1% and 1.5% BLER could be considered, which is 0.3dB for 5.2.2.1.6 and 0.4dB for 5.2.2.1.14 according to simulation.
Proposal 2: RAN5 to adopt a 0.4dB SNR uncertainty due to finite test time for 1% residual BLER test cases.

The SNR uncertainty due to finite test time would be used as a component factor when calculating the overall MU with below equation.
· Test System uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + (0.25 x AWGN flatness and signal flatness)2 ) + SNR uncertainty due to finite test time2 )
· Signal-to-noise ratio uncertainty ±0.3 dB
· AWGN flatness and signal flatness ±2.0 dB 
· SNR uncertainty due to finite test time ±0.3 dB for 10Hz Doppler, otherwise ±0.0 dB
As a result, the overall MU would be increased by 0.1dB when additional SNR uncertainty due to finite test time is introduced.
Observation 1: The overall MU would be increased by 0.1dB when 0.4dB SNR uncertainty due to finite test time is introduced.
[bookmark: _GoBack]3	Summary
This document provides further simulation result for 1% residual BLER test cases. Following proposals are provided for RAN5 to consider:
Proposal 1: The minimum test time is decided as 200s with the assumption of 1%+/-0.5% convergence corridor.
Proposal 2: RAN5 to adopt a 0.4dB SNR uncertainty due to finite test time for 1% residual BLER test cases.
Observation 1: The overall MU would be increased by 0.1dB when 0.4dB SNR uncertainty due to finite test time is introduced.
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