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1 Introduction
In the last RAN4#73 meeting a contribution presenting a new possible approach for defining OTA TRP and TRS requirements has been discussed [1].

This paper further elaborates the concept, discussing a derivation methodology for TRP/TRS limits and presenting a calculation example for UMTS BHH case in Band I.
As discussed in [1], historically 3GPP define one normative OTA TRP and TRS requirement level, named «minimum» requirement, and one informative OTA requirement level, named «recommended» requirement, for each band. “Minimum” requirement is focused on roaming scenarios.

GCF certification is currently done only against «minimum» requirement (i.e. all bands are considered as “roaming” bands). Therefore the interest of all the involved parties is mainly focused on the definition of «minimum» requirements.

The discussions on OTA requirements in 3GPP typically see distant technical positions from operators and vendors:

· Operators are mainly worried by GCF certification on bands in their markets, considering the quality of service of the network and the user experience in a multi-layer/multi-RAT network.

· Vendors are mainly worried by the performance of each band in all the markets, considering the constant growing up of number of bands to be supported by devices that makes more difficult to ensure certain OTA performance in every band and in every market. 

The definition of OTA requirement is thus progressing slowly due to different technical positions from operators and vendors on the limits, and at the same time a common interest in the single and unique normative «minimum» requirement.

As presented in [1], a possible approach to overcome this situation could be the definition of two normative OTA TRP and TRS requirements for each band:

· “core” requirement: intended for primary bands wherein terminals reach the best performance

· “roaming” requirement: intended for secondary bands (i.e. “non-core” bands) wherein terminals reach performance corresponding to roaming scenarios.
2 Derivation methodology
As a further element to be discussed, in this paper a derivation methodology for TRP/TRS limits in case of the “core/roaming” approach is presented. The proposed methodology aims to show the potential behind the “core/roaming” approach introduced during the last meeting, presenting a step-by-step process that could overcome the current definition scheme and the associated long and often difficult convergence process.
Today, indeed, it is a fact that OTA requirements’ definition in RAN4 is a complex and very slow process due to the single and unique normative «minimum» requirement, and this situation is also reflected, as a consequence, in the absence of any defined approach and procedure. 

The proposed derivation methodology can be summarized in the following steps, where all the points are repeated for TRP and TRS:

1. Measurements analysis: in this step measurements presented by different companies are analyzed and for each presented set a CDF is calculated.

2. Overall CDF calculation: in this step an overall CDF is derived, using all the CDFs calculated in the previous step as input. It is observed that each measurement set has potentially a different number of measured devices, thus the overall CDF derivation process considers each input CDF as equally weighted. In addition, when possible (i.e. when several input CDF are available) it is a good practice to derive the overall CDF avoiding the two extreme distributions (i.e. both leftmost and rightmost ones) in order to avoid conclusions biased on extremely deviated populated sets.
3. x-th percentile picking: in this step the “x-th” percentile is picked from the overall CDF derived above.

4. Offsetting and derivation of limit: in this step a statistical consideration on the picked percentile and the potential underestimation of the limit due to measurement uncertainty is done. Based on mathematical analysis in [2], 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.
The above methodology is intended to be applied to both TRP and TRS, and also to both “core” and “roaming” limits in the “core/roaming” approach, considering different percentiles for “core” and for “roaming”.

3 Calculation example
In this section a calculation example is presented, where the above methodology is followed in deriving TRP and TRS limits for UMTS BHH in Band I case.

Due to the exemplary nature of the calculation and for a better readability of the paper, all the methodology’s steps have been implemented for “core” limits only.

3.1 Measurement analysis
The first step of the presented methodology focuses on deriving CDF for each set of measurements presented by different companies.

In case of UMTS BHH (head+hands test setup) in Band I, five measurement sets are available:

· Nokia Corporation, Microsoft Corporation [4] [5]

· NTT DoCoMo [6]

· Telecom Italia [7] [10]

· Orange [8]

· Intel Corporation [9].

Figure 1 shows the different CDFs of TRP measurements from different contributions and measurement sets.
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Figure 1: TRP CDFs for Band I with head+hands test setup

Figure 2 shows the different CDFs of TRS measurements from different contributions and measurement sets.
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Figure 2: TRS CDFs for Band I with head+hands test setup

3.2 Overall CDF calculation

The second step of the presented methodology focuses on deriving an overall CDF, using all the CDFs calculated in the previous step as input.

In the example under consideration five different measurement sets are available. The derivation process of the overall CDF has been done thus removing the two extreme distributions (i.e. both leftmost and rightmost ones).

Focusing first on TRP and Figure 1 above, the measurement sets from Telecom Italia [7] [10] and Intel Corp. [9] appear as the two extreme distributions and have been excluded from the overall TRP CDF calculation. Focusing on TRS and Figure 2 above, the measurement sets from NTT DoCoMo [6] and Intel Corp. [9] appear as the two extreme distributions and have been excluded from the overall TRS CDF calculation as well.
Figure 3 shows the overall TRP CDF derived averaging the CDFs related to available measurement sets.
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Figure 3: Overall TRP CDF for Band I with head+hands test setup derived from input measurements

Figure 4 shows the overall TRS CDF derived averaging the CDFs related to available measurement sets.
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Figure 4: Overall TRS CDF for Band I with head+hands test setup derived from input measurements

3.3 Percentile picking

The third step of the presented methodology focuses on picking the “x-th” percentile from the overall CDF derived above. In principle, the exact value of “x” would depend on the type of requirement to be set, i.e. “core” or “roaming”, and an agreed reference would be required.
In this exemplary calculation the focus will be on “core” requirement as a target. In addition, for the sake of clarity due to exemplary nature of the paper, several potential x-th reference percentiles have been considered, each one related to a certain x% outage probability.

In Table 1 an example of “percentile picking” is reported, assuming “core” requirement as a target and variable reference percentiles.

Table 1: Example of percentile picking assuming “core” requirement and variable references

	TRP
[dBm]
	TRS
[dBm]

	Reference percentile
	Percentile value
	Reference percentile
	Percentile value

	50%
	14.9
	50%
	-102.3

	60%
	15.0
	40%
	-102.8

	75%
	15.2
	25%
	-103.8

	…
	…
	…
	…


3.4 Offsetting and derivation of limits 

The fourth step of the presented methodology focuses understanding the potential underestimation that could occur when, as done in previous steps, the statistics of a distribution from measurements that include uncertainty are estimated.

In the mathematical analysis of [2], 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.
In addition, according to [2] the magnitude of the underestimation error depends also on the x-th percentile assumed in the process.

Focusing on the example above of UMTS BHH in Band I, for TRP the available measurements from overall CDF span about 8 dB. Assuming the population of measured devices is normally distributed and applying the 95% confidence interval to this range, it can be expected a standard deviation of the population of devices σp equal to about 2 dB. According to [3] the MU for TRP and BHH test setup is set to 2.1 dB with 95% confidence interval, thus σe = 1.07 dB. In this case σp is not sufficiently larger than σe then the underestimation error in predicting the x% outage needs to be taken into account with an offset.
For TRS the available measurements from overall CDF span about 10 dB. Assuming the population of measured devices is normally distributed and applying the 95% confidence interval to this range, it can be expected a standard deviation of the population of devices σp equal to about 2.5 dB. According to [3] the MU for TRS and BHH test setup is set to 2.64 dB with 95% confidence interval, thus σe = 1.34 dB. Also in this case σp is not sufficiently larger than σe then the underestimation error in predicting the x% outage needs to be taken into account with an offset.

The derivation of the offset would then be addressed as in [2], comparing at the x-th percentile:

· a Gaussian distribution with average μp and variance σp2 derived from the overall CDF above pp ~N(μp, σp), representing the true values of the entire population of devices;

· a Gaussian distribution with average μp and variance σp2 + σe2, representing the measures values of the entire population of devices.

The difference between the two distributions above at the x-th percentile would represent the underestimation error that would occur and thus the corresponding offset to be applied to figures derived at third step above.
In this exemplary calculation, only the concept of “offset inclusion” is considered and the precise calculation will not be addressed. According to [2] the underestimation error could be a certain amount of tenth of dB, depending on the specific case. Thus, here an exemplary offset of 0.5 dB is flatly applied to the values derived in previous step, with the mere intention of showing the concept and without any claim of liability.
Table 2 reports the final calculation example of “core” limits including offsetting process.

Table 2: Example of “core” limits derived after offsetting
	TRP
[dBm]
	TRS
[dBm]

	Reference percentile
	Percentile value
	Derived

Limit value
	Reference percentile
	Percentile value
	Derived

Limit value

	50%
	14.9
	15.4
	50%
	-102.3
	-102.8

	60%
	15.0
	15.5
	40%
	-102.8
	-103.3

	75%
	15.2
	15.7
	25%
	-103.8
	-104.3

	…
	…
	…
	…
	…
	…


4 Conclusion
This paper has further elaborated the concept of a new possible approach for defining OTA TRP and TRS requirements as presented in last meeting, discussing a derivation methodology for TRP/TRS limits and presenting a calculation example for UMTS BHH case in Band I.

The overall aim of the proposed “core/roaming” approach presented at last meeting is to overcome the current definition scheme and the associated long and often difficult convergence process.
With such aim, the present paper has focused on a proposed methodology for deriving TRP/TRS limits within the “core/roaming” approach, and also a calculation example has been presented for a better understanding of the overall process.

Finally, it is worth noting that considering the recent GCF requests to RAN4 to finalize requirements as soon as possible since they are needed for certification of new devices, any improvement of the speed in OTA requirements’ definition would be beneficial of course for RAN4, RAN5 and GCF, and in general for all 3GPP eco-system.

In case there is a certain consensus in further investigating the generic approach of defining “core” and “roaming” normative requirements and its further implementation in 3GPP specifications, a way-forward document in order to further investigate the new approach and its main pillars could be drafted and presented for approval during the week.
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