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1. Introduction
In discussion paper [3] submitted in RAN5-82, we presented simulation results for TDD FR1 PDSCH scenarios. It was seen that doppler is the major contributor to minimum test time. It was also mentioned that more fading seeds need to be considered for determining if the min test time proposed for PDSCH is enough. In this paper, we are submitting more PDSCH simulation results to see the effect of more fading seeds to min test time. Also providing PDCCH simulation results.
2. Discussion

2.1.  Clarification on earlier PDSCH simulation data
For simulation data submitted in [3], the test parameter configured for each scenario was same as what was defined in the RAN4 spec with the exception that PDSCH was scheduled on all slots (including UL only and special slots) instead of the RMC specified in the spec. The effect of that is the minimum test time in seconds provided is really the minimum test time including both active and inactive subframes. We propose to add a term minimum number of active subframes (MNAS) which would capture the PDSCH active subframes that need to be measured by the test equipment before declaring pass/fail based on the accumulated throughput.
2.2. PDSCH Minimum test time
2.2.1. Recap of the approach for deriving min test time
All the TDD FR1 scenarios in the spec were run for 50 seconds each initially with few seeds. The time it took for the throughput to converge within +/- 2% of the target throughput (70% of scheduled RMC) was recorded. The throughput curve for SNR +/- 0.2 dB was also checked to ensure the minimum test time for all 3 SNR points are the same across SNR increments. 
The SNR points where the throughput didn’t converge within the tput threshold or where the min test time varied across the 0.2 dB SNR increments were picked and were rerun with 30 seeds. 
The time needed for the BLER to converge within the thresholds was recorded.

2.2.2. Summary of PDSCH simulation results with multiple seeds 

From the earlier provided simulation results, scenarios spanning all 3 different doppler were chosen and rerun with 30 seeds. Also few FDD scenarios with 15 kHz SCS were also run to check if the performance due to lower SCS (due to the reduced number of slots) matters.

For the 100 Hz scenarios, the test time across various seeds always converged well within the proposed 20 seconds. 

Proposal 1: For all 100Hz PDSCH scenarios, keep the minimum test time as 20 seconds.

For the 400 Hz scenarios, the test time across various seeds always converged well within the proposed 10 seconds.
Proposal 2: For all 400Hz PDSCH scenarios, keep the minimum test time as 10 seconds.
For PDSCH 10Hz scenarios, simulation time used was 75 seconds.
For some of the 10 Hz scenarios, the throughput did not converge within the +/- 2% of target tput threshold even after 75 seconds of simulation time. This behaviour was only observed for few seeds among the 30 seeds that was run for that scenario.

By further analysing the tput behaviour across the different seeds, it was observed that if the +/- 2% threshold was computed for each seed based on the final tput value seen at the end of the simulation for that seed, throughput converged within the threshold.  

Further, if we use a threshold of +/- 3.5% of the target tput, throughput converged within the new threshold criteria for all seeds.
In our opinion, determining the increase in test time to ensure tput for the seed outliers converge within the threshold is an exercise with diminishing returns. Extending the simulation time more and more is not practical. Also arbitrarily increasing the test time to a large value defeats our goal of minimizing test time.

Given the above, our suggestion is to add an uncertainty in SNR due to finite test time in the overall uncertainty calculation. 

Observation1: For PDSCH 10Hz scenarios, add an uncertainty in SNR due to finite test time in the overall uncertainty calculations for determining test tolerance.

Procedure to determine the uncertainty in SNR due to finite test time is as follows.
1. +/- 2% threshold is the allowed tput variation for min test time.

2. In the above mentioned results, expanding the threshold to +/- 3% ensured tput across all seeds converged within the min test time of 75 sec.

3. To account for the additional 1.5% tput variation for a particular scenario, determine from the TPUT vs SNR curve, what is the SNR delta corresponding to this 1.5 % tput increase.
4. That SNR value is the added uncertainty due to finite test time.

It was observed that SNR uncertainty of 0.3 dB was sufficient to cover all the scenarios where tput did not converge within +/- 2% of the target tput.

Proposal 3: For PDSCH 10Hz scenarios add a SNR uncertainty of 0.3 dB due to finite test time in the overall uncertainty for test tolerance calculations.
Proposal 3a: For PDSCH 10Hz scenarios, fix the minimum test time to 75 seconds.
2.3. PDCCH Minimum test time
2.3.1. Approach for deriving min test time for PDCCH scenarios

All PDCCH scenarios in the current RAN4 spec were run for 50 seconds for few seeds. Since targeted BLER for deriving the requirements for PDCCH cases is 1% BLER, a threshold for the BLER metric was chosen to be approx +/- 10% [p =0.05 in mean bler*10^(p)] of the target 1% BLER. 

For scenarios where the BLER didn’t settle within the thresholds even after 50 seconds or cases where BLER is fluctuating a lot, those SNR points were run for more seeds (30 seeds) and for increased duration (100 seconds). 

The time needed for the BLER to converge within the thresholds was recorded.
2.3.2. Summary of simulation results for PDCCH scenarios
PDCCH simulations showed lot more variation in BLER across time unlike PDSCH.

The BLER did not converge within the set BLER threshold for some seeds even for some 100 Hz scenario.

We observed that increasing p = 0.1 (approx. +/- 25% (in linear scale) of the target 1% BLER) ensured the BLER converged for all scenarios across all seeds within the new BLER threshold.
We propose to add a SNR uncertainty due to finite test time for all PDCCH scenarios regardless of the doppler. 

Looking at the PDCCH BLER vs SNR curve, approx. 15% increase in BLER over the 1% target BLER mark corresponds to a SNR increase of max 0.4 dB.

Proposal 4: For all PDCCH scenarios add a SNR uncertainty of 0.4 dB due to finite test time in the overall uncertainty for test tolerance calculations.
Proposal 4a: For all PDCCH scenarios, fix the minimum test time to 100 seconds.

2.4. Overall uncertainty calculation 
2.4.1.  PDSCH

Pasting the maximum test uncertainty calculation for a PDSCH scenario from TS 38.521-4 as highlighted in grey.
	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	5.2.2.1.1_1 2Rx FDD FR1 PDSCH mapping Type A performance - 2x2 MIMO with baseline receiver for both SA and NSA
	± 0.9 dB
	Overall system uncertainty for fading conditions comprises three quantities:

1. Signal-to-noise ratio uncertainty

2. Fading profile power uncertainty
3. Effect of AWGN flatness and signal flatness
Items 1, 2 and 3 are assumed to be uncorrelated so can be root sum squared:
AWGN flatness and signal flatness has x 0.25 effect on the required SNR, so use sensitivity factor of x 0.25 for the uncertainty contribution.

Test System uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + Fading profile power uncertainty 2 + (0.25 x AWGN flatness and signal flatness) 2)

Signal-to-noise ratio uncertainty ±0.3 dB

Fading profile power uncertainty ±0.7 dB for MIMO 2x2

AWGN flatness and signal flatness ±2.0 dB


Proposed test system uncertainty calculation and test tolerance (changes in RED)
	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	5.2.2.1.1_1 2Rx FDD FR1 PDSCH mapping Type A performance - 2x2 MIMO with baseline receiver for both SA and NSA
	± 0.9 dB for > 10Hz doppler
± 1.0 dB for 10Hz doppler
	Overall system uncertainty for fading conditions comprises four quantities:

1. Signal-to-noise ratio uncertainty

2. Fading profile power uncertainty
3. Effect of AWGN flatness and signal flatness

4. SNR uncertainty due to finite test time

Items 1, 2, 3 and 4 are assumed to be uncorrelated so can be root sum squared:
AWGN flatness and signal flatness has x 0.25 effect on the required SNR, so use sensitivity factor of x 0.25 for the uncertainty contribution.

Test System uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + Fading profile power 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

Fading profile power uncertainty ±0.7 dB for MIMO 2x2

AWGN flatness and signal flatness ±2.0 dB
SNR uncertainty due to finite test time ±0.3 dB


	Test
	Minimum Requirement in TS 38.101-4
	Test Tolerance
(TT)
	Test Requirement in TS 38.521-4

	5.2.2.1.1_1 2Rx FDD FR1 PDSCH mapping Type A performance - 2x2 MIMO with baseline receiver for both SA and NSA
	SNRs as specified
	± 0.9 dB for > 10Hz doppler
± 1.0 dB for 10Hz doppler
	Formula: SNR + TT

T-put limit unchanged


2.4.2.  PDCCH

Example below to add the SNR uncertainty due to finite test time for PDCCH scenarios.

	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	5.3.2.1.1 2Rx FDD FR1 PDCCH 1 Tx antenna performance for both SA and NSA
	± 0.9 dB
	Overall system uncertainty for fading conditions comprises four quantities:

1. Signal-to-noise ratio uncertainty

2. Fading profile power uncertainty
3. Effect of AWGN flatness and signal flatness

4. SNR uncertainty due to finite test time
Items 1, 2, 3 and 4 are assumed to be uncorrelated so can be root sum squared:
AWGN flatness and signal flatness has x 0.25 effect on the required SNR, so use sensitivity factor of x 0.25 for the uncertainty contribution.

Test System uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + Fading profile power uncertainty 2 + (0.25 x AWGN flatness and signal flatness) 2 + SNR uncertainty due to finite test time 2)

Signal-to-noise ratio uncertainty ±0.3 dB

Fading profile power uncertainty ±0.5 dB for single Tx

AWGN flatness and signal flatness ±2.0 dB

SNR uncertainty due to finite test time ±0.4 dB


	Test
	Minimum Requirement in TS 38.101-4
	Test Tolerance
(TT)
	Test Requirement in TS 38.521-4

	5.3.2.1.1 2Rx FDD FR1 PDCCH 1 Tx antenna performance for both SA and NSA
	SNRs as specified
	 0.9 dB 
	Formula: SNR + TT

T-put limit unchanged


Proposal 5: Use above example test system uncertainty and test tolerance calculations to update remaining FR1 PDSCH and PDCCH scenarios.
3. Conclusions

Endorse the below proposals and accordingly update Annex G for minimum test time for PDSCH and PDCCH scenarios. Also update Annex F for overall uncertainty for test tolerance calculations.
Proposal 1: For all 100Hz PDSCH scenarios, keep the minimum test time as 20 seconds.

Proposal 2: For all 400Hz PDSCH scenarios, keep the minimum test time as 10 seconds.
Proposal 3: For PDSCH 10Hz scenarios add a SNR uncertainty of 0.3 dB due to finite test time in the overall uncertainty for test tolerance calculations.
Proposal 3a: For PDSCH 10Hz scenarios, fix the minimum test time to 75 seconds.
Proposal 4: For all PDCCH scenarios add a SNR uncertainty of 0.4 dB due to finite test time in the overall uncertainty for test tolerance calculations.
Proposal 4a: For all PDCCH scenarios, fix the minimum test time to 100 seconds.

Proposal 5: Use above example test system uncertainty and test tolerance calculations to update remaining FR1 PDSCH and PDCCH scenarios.

4. References
[1]
38.101-4 spec v15.1.0
[2]
38.521-4 spec v15.0.0
[3]
R5-191250, Discussion paper on statistical tput calculation for demod test cases, Qualcomm
