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1 Introduction
In the last RAN4#75-UE-OTA-TRP/TRS-AH meeting a way-forward on TRP/TRS discussion has been endorsed [1]. The approved points are reported below as reference:

· OTA TRP/TRS requirements are derived from measurements of real and commercial devices. No estimations, and no prototypes.
· Measurement procedures as described in TR 37.902 shall be used.
· For a given frequency band, data should be comprised of measurements of devices intended for different markets where such given frequency band is considered roaming and also data for markets where that band is considered as Core. Data sets should be homogeneous in terms of support or not of CA. 
· For UMTS RAW TRP/TRS measurements data through normal RAN4 contributions are shared. 
· For LTE if all the data is available in RAW TRP/TRS format then RAN4 CDF curve is created.
· For a given frequency band and test setup, the available data is combined to a overall RAN4 CDF curves i.e. TRP CDF and TRS CDF.
· The following percentiles shall be picked from the overall RAN4 CDFs:
· For TRP: 10th and 20th percentiles of the CDF of TRP

· For TRS: 80th and 90th percentiles of the CDF of TRS 
· Candidate values of TRP and TRS limits will be defined considering agreed percentiles.
· Final requirement values of TRP and TRS will be defined offsetting candidate values according the comparison of standard deviation of overall RAN4 CDF and standard deviation of MU budget for the considered test setup. Baseline is in R4-150907. Aim is to close offsetting issue at RAN4#76.
· For TRP, the minimum of the minimum requirement is [TBD] dB below the avg. and we study if the value is band dependent. Aim is to close this point at RAN4#76.
· For TRS, the maximum of the minimum requirement is [TBD] dB above the avg. and we study if the value is band dependent. Aim is to close this point at RAN4#76.
· For TRP, the recommended value is 3 dB above the minimum avg. requirement and we study if the value is band dependent. Aim is to close this point at RAN4#76.
· For TRS, the recommended value is 3 dB below the minimum avg. requirement and we study if the value is band dependent. Aim is to close this point at RAN4#76.
· at RAN4#76 aim is to agree UMTS TRP/TRS requirements  at least for bands I, II, V and VIII if data is available.
In particular, the following points might need further discussion at RAN4#76:

· Offsetting candidate values according the comparison of standard deviation of overall RAN4 CDF and standard deviation of MU budget for the considered test setup
· Deltas between min/max and minimum requirement, and its band dependency.
· Deltas between recommended and minimum requirements, and its band dependency.

This paper further elaborates on the offsetting of candidate values.
2 Methodology
Once single candidate values for TRP and TRS are available, then a statistical consideration on such values and the potential underestimation of the limit due to measurement uncertainty is done.
Indeed, there could be the case that, due to measurement uncertainty, the actual percentage of failing originally intended to be represented by the candidate value (i.e. the corresponding percentile within RAN4 CDF) would not be appropriately reflected on the field when the requirement will be implemented and new devices tested: in this cases an underestimation of failing rate would occur, leading in practice to a less stringent requirement than expected.

The following analysis is done respectively for TRP and TRS. 

According the agreed way-forward in [1] the baseline for such analysis is [2], that is based on mathematical formulation in [3], where it is assumed that measurement error has a known statistical distribution, that can be represented as a Gaussian random variable  [image: image2.png]p.~N(0, o,.



, where [image: image4.png]


 is the standard deviation. The probability distribution function (pdf) and cumulative distribution function (CDF) of measurement error are given in (1) below.
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In [3] it is also assumed that the true values of the entire population of devices has as Gaussian distribution with some mean [image: image8.png]iy



 and standard deviation [image: image10.png]


, represented as the random variable [image: image12.png]


 with the associated pdf and CDF given in (2) below.
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The measurement of devices itself is thus a linear transformation of the two random variables: [image: image16.png]


.  Utilizing the additive property of Gaussian random variables, the  random variable [image: image18.png]o 1 [03-+3)



 represents then the measurements.
Then, the two Gaussian distributions above are derived in the following ways:

· [image: image20.png]


 is derived from the Measurement Uncertainty (MU) budget in [4]: considering a coverage factor of  95% confidence interval, [image: image22.png]MU/1.96
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 are derived from available data of devices, e.g. considering 95% confidence interval.
The main principle is the following: when the statistics of a distribution from measurements that include uncertainty are estimated, then the standard deviation of the underlying population has to be compared with the standard deviation of the measurement uncertainty. In case the standard deviation of the population is sufficiently larger than the standard deviation of the measurement uncertainty then the error in predicting the x% outage point from the measured CDF is negligible. Otherwise the underestimation error in predicting the x% outage needs to be taken into account with a certain offset. Thus, the final value of the limit will be the “x-th” percentile appropriately offset.
Using the mathematical analysis of [3], the standard deviation of the population of measurements σp is compared with the standard deviation of the measurement error σe:

· if σp is sufficiently larger than σe then the error in predicting the x% outage from the measured CDF can be considered negligible;

· otherwise the underestimation error in predicting the x% outage needs to be taken into account with a certain offset.
It is worth to note that the magnitude of the underestimation error depends also on the x-th percentile assumed in the process: percentiles around 50th have an underestimation error close to 0, while the error is maximum for distribution’s bounds.

The derivation of the underestimation error would then be addressed as in [3], comparing at the x-th percentile, representing the actual percentile of the candidate TRP or TRS value:

· the Gaussian distribution pp ~N(μp, σp), representing the true values of the entire population of devices;

· the Gaussian distribution [image: image27.png]o 1 [03-+3)



 representing the measures values of the entire population of devices.

The difference between the two distributions at the x-th percentile (i.e. x-th percentile of distribution pp ~N(μp, σp) minus x-th percentile of distribution N(μp, sqrt(σp2 + σe2))) would represent the underestimation error that occurs and thus the corresponding offset will be applied to candidate values in order to compensate such error.
For example:

· let’s assume one candidate value at x-th percentile equals to X dBm

· let’s assume the difference between the two distributions above at the x-the percentile equals to Y dB

· then, the final value Z will be equal to X+Y dBm in case of TRP and X-Y dBm in case of TRS.
3 Evaluations
In this section the methodology described above is applied to UMTS BHH test setup, considering all the available data for both Band I and Band VIII, as reported in [6].

According to data in [6], it is possible to derive following [image: image29.png]iy
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 values for TRP and TRS of devices in different bands:

Table 1: Statistical characterization of TRP and TRS data

	
	Band I – TRP

[dBm]
	Band I – TRS
[dBm]
	Band VIII – TRP

[dBm]
	Band VIII – TRS

[dBm]
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 (median)
	15.01
	-102.40
	11.50
	-98.40
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	1.66
	1.93
	1.68
	1.96


On the basis of MU budget analysis contained in [4], the following values of [image: image36.png]


 can be derived:
Table 2: Standard deviation of MU

	
	Band I – TRP

[dB]
	Band I - TRS
[dB]
	Band VIII - TRP
[dB]
	Band VIII - TRS
[dB]

	MU expanded [4]
	2.10
	2.64
	2.10
	2.64

	MU std dev [image: image37.png]


 [4]
	1.07
	1.35
	1.08
	1.35


In all the cases above σp is not sufficiently larger than σe then the error in predicting the x% outage from the measured CDF cannot be considered negligible.

In the following figures, a comparison at 10th and 20th percentiles for TRP and at 80th and 90th percentiles for TRS of Gaussian distribution pp ~N(μp, σp) (representing the true values of the entire population of devices) and Gaussian distribution [image: image38.png]o 1 [03-+3)



 (representing the measurement values of the entire population of devices) is depicted for both Band I and Band VIII.
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Figure 1: Underestimation analysis for TRP in Band I
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Figure 2: Underestimation analysis for TRS in Band I
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Figure 3: Underestimation analysis for TRP in Band VIII
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Figure 4: Underestimation analysis for TRS in Band VIII

Results of underestimation errors are summarized in the table below, rounded to closest 0.1 dB:

Table 3: Underestimation errors at 10th and 20th percentiles for TRP and at 80th and 90th percentiles for TRS
	
	Band I - TRP

[dB]
	Band I - TRS

[dB]
	Band VIII - TRP

[dB]
	Band VIII - TRS

[dB]

	10th percentile
	0.4
	
	0.4
	

	20th percentile
	0.3
	
	0.3
	

	80th percentile
	
	0.4
	
	0.4

	90th percentile
	
	0.6
	
	0.5


Table 3 results above would then be considered as offsets when deriving final TRP and TRS requirements.
4 Conclusion

This paper has further elaborated on the framework definition and particularly on the offsetting of candidate values according the comparison of standard deviation of overall RAN4 CDF and standard deviation of MU budget for the considered test setup.
The methodology based on [2] and [3] has been presented and detailed, and it has been also applied to data available for UMTS BHH test setup, deriving underestimation errors and corresponding offset values.

Considerations and proposals in the paper are presented with the aim to finalize the OTA TRP/TRS framework.
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