3GPPRAN4#75-OTA-TRP/TRS -AH
R4-75AH-TRPS-0016
Venice, Italy, 1 – 3 July, 2015
Source:
Telecom Italia
Title:
OTA TRP/TRS framework finalization
Agenda item:
3
Document for:
Discussion
1 Introduction
In the last RAN4#75 meeting a way-forward on TRP/TRS discussion has been approved [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.
· 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. Nonetheless, data is contribution driven.
· Interested companies share their measurements data through normal RAN4 contributions at least in form of a CDF. Companies also share CDFs via the TRP/TRS reflector, e.g. in Excel format.
· For a given frequency band and test setup, the available data set CDFs shall be merged in a single overall RAN4 CDF for TRP and for TRS:
· The baseline for merging CDFs of data sets is described in R4-150907. Further improvements of the baseline can be discussed at RAN4#75-OTA-TRP/TRS-AH, considering e.g. the following topics: population size of data sets, merging of different data set CDFs.
· The following percentiles shall be picked from the overall RAN4 CDF:
· For TRP: [10th], [15th], [20th] percentiles of the CDF of TRP
· For TRS: [80th], [85th], [90th] percentiles of the CDF of TRS
· If the distribution includes devices exhibiting significantly poor performance the following can be made:
· Option 1: A proper selection of the percentile above can ensure an appropriate failing rate for the performance requirement
· Option 2: Remove significantly poor performance devices from original data set CDF and update the merged overall RAN4 CDF.
· Candidate values of TRP and TRS limits will be defined considering percentiles above.
· 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. Further improvements can be discussed at RAN4#75-OTA-TRP/TRS-AH.
· For TRP, the minimum of the minimum requirement is [TBD] dB below the avg.
· For TRS, the maximum of the minimum requirement is [TBD] dB above the avg.
· For TRP, the recommended value is 3 dB above the minimum avg. requirement
· For TRS, the recommended value is 3 dB below the minimum avg. requirement
· At RAN4#75-OTA-TRP/TRS-AH further discussions can address: percentile values, deltas between min/max and minimum requirement, deltas between minimum and recommended. Further, a methodology for deriving deltas above is not precluded.
· At RAN4#75-OTA-TRP/TRS-AH primary focus is to finalize the framework
· Framework will be first applied to UTRA BHH requirements
· Proposal Schedule for encouraging contributions:
· UMTS test results of tablet LEE are called for by RAN4#75-OTA-TRP/TRS AH in July.
· LTE test results of notebook LEE are called for by RAN4#75-OTA-TRP/TRS AH in July.
· LTE test results of BHH and tablet LEE are called for by RAN4#76 and RAN4#76bis.
In particular, the following points might be further discussion at RAN4#75-OTA-TRP/TRS:

· Merging of the available data set CDFs
· Significantly poor performance devices

· Percentiles to be picked from the overall merged CDF
· 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

This paper further elaborates on the framework definition and especially on some of the points above that might need further discussion before converging.
2 Merging of CDFs
Merging of available data CDFs is the first point that may need further discussion. According the agreed way-forward, the baseline is reported in [2], and it is based on the following steps:
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.
During RAN4#75 meeting it has been noted by some companies that often presented measurement sets have few samples, e.g. ten or less. In this situation, the statistic relevancy of the derived CDF could be definitely lower compared to a CDF derived from several tens of samples. Thus, to simply consider each measurement set regardless of the number of samples might be statistically imprecise.
Some companies suggested to simply merge all the available data together in order to derive the overall CDF. Nevertheless, this approach would bias the overall CDF on the measurement sets with more samples, and would discourage contributions from companies able to bring only small measurement sets (e.g. about ten samples).
Therefore, it has been discussed to work on finding an approach that on one side would bring to statistically acceptable results and on the other side would avoid to bias results towards only few measurement sets.

One possibility discussed during RAN4#75 meeting is to increase the statistic relevance of small measurement sets merging them together in order to reach at least a certain number of samples. An example is reported below:
· Measurement set A (12 samples)

· Measurement set B (9 samples)

· Measurement set C (25 samples)

· Measurement set D (13 samples)

· Measurement set E (8 samples)

Assuming a threshold of minimum number of samples set to 20, set C above would be already able for CDF derivation, while the others would need to merge together in some way, e.g. A+B and D+E, or B+D and A+E.

This approach would have the benefit of increasing the statistic relevance of CDFs derived from measurements, however it might bring to different results according which pairs are established.
On this basis, an alternative approach trying to satisfy the two principles above could be the following:
· each measurement set is considered separately;

· a CDF is derived from each measurement set;
· the average overall CDF is derived considering a certain weight for each CDF, depending on the number of samples, according the following table:

	Number of samples in the CDF
	Weight

	
< 10

	1

	10-50
	2

	50-100
	3

	>100
	4


3 Significantly poor performing devices
It is a fact the some measurement sets present samples with performance significantly far from all the others, including samples from other sets. In some cases, the whole set presents such discrepancy in comparison with other sets.

In such cases, the agreed way-forward in [1] gives two options:

· to properly select percentiles for picking from CDF

· to remove such samples from the overall merged CDF.

Both options are agreeable. Nevertheless, it is suggested here to analyze the situation case-by-case, without a pre-selected option. Indeed, in some cases it would be more reasonable to simply remove the poor performing devices from original measurement set, especially in cases where only one measurement set is affected by such discrepancy. In other cases, where few poor performing devices are captured in different sets, one option could be to take into account this aspect when picking percentiles from merged CDF, i.e. using a tighter percentile. Further elaboration on significantly poor devices is also reported below when discussing percentile picking.
A third option is suggested here, in line with [2]: in cases where a whole measurement set is presenting mostly significantly poor performing devices, then such set could be excluded when deriving the overall merged CDF.

Finally, in case devices have significant poor performance only on TRP or only on TRS, then only corresponding KPI would be affected.

4 Percentiles picking
Once the merged CDF is available, and the significantly poor devices are in some way taken into account, then candidate values can be derived by certain percentiles picked from merged overall CDF.
The agreed way-forward in [1] states to pick the following percentiles for TRP: [10th], [15th], [20th]. And the following percentiles for TRS: [80th], [85th], [90th]. The approach expected here is to identify different values and then to analyze the difference among them, the spreading of values and then derive one final candidate figure for TRP and one for TRS.
The values reported in the agreed way-forward are in line with past discussions on minimum requirements, therefore square bracket might be removed.

In addition, in principle all of the three values can be picked from overall CDF, however the approach would still remain valid if keeping only two percentiles for each case TRP and TRS, i.e. 10th and 20th for TRP and 80th and 90th for TRS.

At the end of the percentiles picking step, few candidates values for TRP and TRS are available. Then, further discussion and analysis considering e.g. spreading of measurements, differences among them, population of devices in terms of roaming and core markets, etc. As the outcome of such discussion a single candidate value for TRP and a single candidate value for TRS is expected.

5 Offsetting candidate values
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. The following analysis is done for both 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]. The 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.
In 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.
In addition, according to [3] 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 first step here is to identify the standard deviation of the population of devices σp. Assuming the population of measured devices is normally distributed and applying the 95% confidence interval to this range, it can be derived a standard deviation of the population of devices σp.
Then, the corresponding MU with 95% confidence interval for considered test setup is derived from [4], and σe is thus estimated. 

In 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 [3], 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 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.
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.

6 Conclusion

This paper has further elaborated on the framework definition and especially on some of the points above that might need further discussion before converging:
· Merging of the available data set CDFs
· Significantly poor performance devices

· Percentiles to be picked from the overall merged CDF
· Offsetting candidate values according the comparison of standard deviation of overall RAN4 CDF and standard deviation of MU budget for the considered test setup
Considerations and proposals on each of the above points are presented with the aim to finalize the TRP/TRS framework.
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