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1 Background
In 3GPP RAN4#75 meeting, a frame work way forward on TRP/TRS discussion [1] was agreed. Main contents are as below, and some details remain undetermined:
· OTA TRP/TRS requirements are defined as described below:
· 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 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
· 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.
· Etc.
In this contribution, we further discuss our opinion on how to merge different companies’ measurements, as well as the percentile of outage and the deltas between the min. avg. and minimum/ maximum of the minimum.
2 Discussion
2.1. Merging of measurements
Many companies ever proposed their measurements on UTRA BHH OTA measurements, and some contributions ever discussed how to merge all companies’ data. For example, in [2], it was proposed to average each company’s CDF curve with equal weight. However, if different CDF curves have different ratio of roaming band measurements, then the curve containing very high ratio of core band measurements will obviously overestimate the whole CDF distribution. Moreover, each company is working independently on those tests, thus there may be duplicated tested terminals, which will also influence the accuracy of the merged CDF curve. 
For example, Figure 1 illustrates the impact of the distribution of TRP, when considering a data set of only devices supporting the band as core-band. In this studied data set, 29 out of 42 (~70%) devices can be considered supporting the band as core-band. If the CDF outage is calculated based on only these core-band devices, there can be up to 2dB offset from the 10% CDF outage when considering all core and roaming band devices. If two such CDF curves are to be averaged with equal weight, this will obviously lead to overestimated outage performance. One explanation can be that performance is better optimized for core-band devices than roaming band. Thus, when evaluating the distribution of the data set, the measured samples should comprise a reasonable ratio of core and roaming band devices. If fact, 70% is more than 2/3 as the percentage of core-band device of the studied data set. This is considered as reasonable so that it should have captured the actual performance of the devices in the market with good confidence. One other explanation is that the size of the data sample comprised of only core-band devices is smaller than the entire data set. The outage performance based on such CDF estimation with insufficient data samples becomes less accurate. 
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Figure 1. Impact of the distribution of TRP when considering devices supporting the band as core-band only. 

In general, we have the following observations:
Observation 1: Inconsistent ratio of core band and roaming band measurements from different company’s CDF will impact the accuracy of the overall CDF in [2].
Observation 2: There may be duplicated measurements in each company’s CDF curve, which will impact the accuracy of the overall CDF in [2].
We comprehend each companies’ measurements should be converged in a fair way, however the fairness is also very important to the measured terminal itself, thus each terminal should and only should have one sample point in the overall CDF curve. Then we tend to consider to merge all measurements in a more technical way, not simply averaging CDF curves without any constraint. 
To avoid duplicating, it is necessary to have an overall tested terminal list based on each company’s measured terminals. Considering fairness to each terminal, the terminal-specific averaging should be done when the terminal is tested multiple times by different companies, i.e. if one terminal is tested n times by n companies, then each measurement should have 1/n weight. Then the overall CDF curve will be drawn based on all averaged results.
In general, to merge the measurements, we propose:

Proposal 1: The overall CDF should be directly drawn based on all measurements of each company’s tested samples, and if one sample is tested multiple times from different companies, then the result of this sample should use averaging value of all measurements.
2.2 Percentile of outage
When judging whether a UE passes the OTA requirement or not, a failure will be determined if the UE fails any of min. avg. requirement and min./max. of the minimum in any band. From our test results, it is common that one UE (suppose UE A) behaves worse in Band x, and another UE (suppose UE B) behaves worse in Band y. We can simply suppose there are overall 10 UEs. After deriving the outage percentage (suppose 10%) in Band x and Band y, UE A may fall into the outage area of Band x (UE B and other UEs pass), and UE B may fall into the outage area of Band y (UE A and other UEs pass). Then if we check the fail rate, UE A and B both are judged as failure, then the fail rate is actually 20% out of 10 UEs. 
If considering more bands, both TRP and TRS, and both min. avg. and min./max. of the minimum, then the fail rate will be even enlarged on top of outage percentage. This issue was already observed in our previous fail rate study contribution [3]. In [3], when we use Microsoft/Nokia proposed requirement (derived from around 10% outage per band), the overall fail rate reaches up to 25% when aggregated over multiple bands. If considering 20% outage percentile in each CDF curves, we believe the overall fail rate will explode a lot. Thus, we propose: 

Proposal 2: At most 10th percentile of the TRP CDF and at least 90th percentile of the TRS CDF should be picked up. 
2.3. Deltas between the min. avg. and minimum/maximum of the minimum
Nokia had a previous contribution [4] discussing the deltas between the min. avg. and minimum/ maximum of the minimum. In [4], statistic of TRP BHH delta between the min. avg. and minimum of the minimum in Band I/II/V/VIII was shown, and 2dB delta will cover only 80%-88% cases. If considering delta of 3dB, then 95%-99% cases will be covered. Comparing to BH delta, which is 2dB covering 98%-100% cases, we believe 3dB delta should be applied to BHH case. This is partly due to the users’ hand effect to the performance which may lead to a larger delta when considering both left and right side.
We further update the analysis adding the most recent data:
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Figure 2. Distribution of delta between the min. avg. and minimum/maximum of the minimum
And summarize the results in the below tables:
Table 1. Percentage of UE meeting the delta criteria between average and minimum/maximum value
	TRP AVG-MIN
	2dB
	2.5dB
	3dB

	Band I
	79%
	88%
	92%

	Band II
	73%
	95%
	98%

	Band V
	78%
	89%
	95%

	Band VIII
	84%
	94%
	98%


	TRS AVG-MAX
	2dB
	2.5dB
	3dB

	Band I
	67%
	77%
	89%

	Band II
	70%
	81%
	90%

	Band V
	76%
	86%
	89%

	Band VIII
	70%
	76%
	83%


From Figure 2 and Table 1, similar results can be observed, i.e. 2dB delta will cover only 73%-84% cases in TRP and 67%-76% cases in TRS. 2.5dB delta is better but not sufficient, i.e. covering 88%-95% cases in TRP and 76%-86% cases in TRS. 3dB delta will cover most cases (92%-98%) in TRP, but still sort of insufficient in TRS (83%-90%). 
Proposal 3: 3dB delta between the min. avg. and minimum/maximum of the minimum requirements should be applied.

3 Conclusion

In this contribution, we discussed our opinions on how to merge different companies’ measurements, the percentile of outage, and the deltas between the min. avg. and minimum/ maximum of the minimum, and have the following observations and proposals:
Observation 1: Inconsistent ratio of core band and roaming band measurements from different company’s CDF will impact the accuracy of the overall CDF in [2].

Observation 2: There may be duplicated measurements in each company’s CDF curve, which will impact the accuracy of the overall CDF in [2].

Proposal 1: The overall CDF should be directly drawn based on all measurements of each company’s tested samples, and if one sample is tested multiple times from different companies, then the result of this sample should use averaging value of all measurements.
Proposal 2: At most 10th percentile of the TRP CDF and at least 90th percentile of the TRS CDF should be picked up.
Proposal 3: 3dB delta between the min. avg. and minimum/maximum of the minimum requirements should be applied. 
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