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1 Introduction
At the RAN5#81 meeting it was agreed that for FR2 MOP test use TT=0.65*MU to achieve a 10% fail rate for a marginal UE [1].

At the RAN5#82 meeting the TT for EIRP CDF test was under discussion, but no agreement could be reached. Proposals were TT=0.65*MU [2] and TT=2 dB [3]. 
During the discussion it was argued that the impact on the UE fail rate with same TT as the EIRP test is less due to that EIRP CDF verdict is a combined one based on hundreds of individual measurements, but no formal input document was presented.

This paper provides justification why the UE fail rate can be lower in EIRP CDF test than in EIRP test, thereby allowing a lower TT than in the EIRP test without a negative effect on UE fail rate.

2 Discussion
2.1 UE fail rate for EIRP test (single measurement point)
As presented in [1], allowing TT=0.65*MU gives approximately a 10% fail rate (probability of failing a marginal UE due to MU).

Putting this into numbers this means approximately 1.0/1.5 dB (TT/MU) for FR1 and 3.5/5.0 dB for FR2, which is also shown in the figure below.
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Figure 1: CDF of Normal distribution in dB for standard deviation of 1.5 and 5.0 dB (MU for FR1 and FR2 respectively)
2.2 UE fail rate for EIRP CDF test (many measurement points)

For a marginal UE, it is the combined probability that many measurement errors jointly contribute in a certain way that affects the UE fail rate. This means that the analysis of UE fail rate for EIRP test cannot be used to determine the fail rate. 

Observation 1: The analysis of UE fail rate for EIRP test cannot be used to determine the fail rate in EIRP CDF test

The radiation pattern assumed when deriving the RAN4 requirements can be seen in TR38.810 as:
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Figure 2: UE assumption from TR38.810 
Observation 2: The EIRP range is around 13 dB meaning most of (90%) the measurement samples will fall within the +/-5 dB MU for a marginal UE
Observation 3: Measurement samples outside of +/-MU are not relevant for UE fail rate discussion since they are guaranteed to be either above of below the threshold regardless of MU outcome.

Furthermore, TS38.5.21-2 Annex M defines the required number of grid points which is 200 samples for constant density grid. 

Observation 4: 180 measurement points fall within +/-5 dB MU for the TR38.810 UE assumption 
Observation 5: If different measurement points are statistically independent (or at least not 100% correlated), an unlucky measurement point (good->bad sample due to MU) will be compensated by the reverse effect for another measurement point 

2.3 UE fail rate for EIRP CDF test simplified analysis

Instead of calculating the overall fail rate for the combination of 180 normal distributed samples at different level is not performed here. Instead a simplification is done to highlight the TT vs fail rate relation.
Assumption:

· 6 grid points

· EIRP measurement points linear between -MU and +MU
· Marginal UE (50% CDF at 11.5 dBm)
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Figure 3: Example marginal UE (50% CDF at 11.5 dBm) with 6 grid points and TT=3.5 dB.
Probability of fail for example UE:

In order for the example UE to fail, 4 out of the 6 measurement points must be counted as bad samples. The probability for this is different per measurement point. 
Notation used:


p1: point 1 (actual performance of UE at this rotation)


m1: Measurement result for point 1


e1: Measurement error for point 1

The probability of failing the test can then be described as:

P(fail) = P(4 points measured as bad samples) 

P(fail) = P(m1<8 dBm) & P(m2<8 dBm) & P(m3<8 dBm) & P(m4<8 dBm)

P(fail) = P(e1<+1.5 dB) & P(e2<-0.5 dB) & P(e3<-2.5 dB) & P(e4<-4.5 dB) 

P(fail) = [figure 1 lookup] = 0.73 & 0.42 & 0.16 & 0.035

Correlation between measurement points
If assuming independent measurement uncertainty across measurement points the overall probability becomes 

P(fail) = 0.73*0.42*0.16*0.035 = 0.0017 (0.17%)
If assuming 100% correlated measurements (measurement error same in all grid points), the overall probability becomes:


P(fail) = P(e4<-4.5 dB) = 0.035 (3.5%)
2.4 UE fail rate for EIRP CDF test simulation

A more realistic case with 180 EIRP points linearly spread within 11.5 dBm +/- MU is simulated in Matlab. A comparson between uncorrelated measurement errors and 100% correlated measurements within the whole CDF was made. This is repeated 50000 times.
For every iteration the median is calculated (50% CDF). If the median is below the test requirement of 8.0 dB, a FAIL is recorded.

Result with uncorrelated measurements:
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Figure 4: One simulation iteration result with uncorrelated measurements (MU=5 dB, TT=3.5 dB) 

UE fail rate is 0 % after 50000 repetitions. 

In fact, the fail rate is still 0% even if reducing the TT from 3.5 to 2.0 dB
Result with correlated measurements:
Another simulation is performed where the measurement error within the iteration is constant, but between iterations a new measurement error is randomized
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Figure 5: One simulation iteration result with correlated measurements (measurement error in this iteration is -1.9 dB)
UE fail rate is 8 % after 50000 repetitions, as expected (same as -3.5 dB point in figure 1).
When reducting TT to 2.0 dB UE fail rate becomes 21% in this case.

3 Conclusion
The TT of 3.5 dB that gave 8% UE fail rate in EIRP test, gives significantly lower UE fail rate when considering multiple measurement points unless all measurement errors in the measurement grid are correlated (same error in all points). 

The exact UE fail rate depends on the correlation between measurement error across grid points, but it will always be lower than in the EIRP test unless all measurement errors are 100% correlated. 

4 Proposal

Proposal 1: Reduce TT to 2.0 dB (or TT=0.4*MU) for EIRP CDF test as this still gives a 0% UE fail rate if measurement errors are statistically independent. For the unrealistic worst case of 100% correlated measurements this mean 21% UE fail rate for a UE with zero margin to the core requirement.
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