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1.
Introduction
The currently ongoing LTE UE TRP and TRS and UTRA Hand Phantom related UE TRP and TRS Requirements Work Item also includes in its scope the task to complete the UTRA LEE performance requirements [1].  All over the air performance requirements are recorded in the unified specification TS 37.144 [2].  
During the RAN4 #72 meeting a discussion of UMTS notebook TRP/TRS proposals for Bands I and VIII brought forward concerns from some companies that test tolerances need to be included in RAN4 core OTA requirement proposals (following a process described in [6]).  This paper investigates the issue from an analysis perspective and proposes a methodology for deriving performance requirements from a set of measurements.
2.
Discussion
When developing the core OTA performance requirements, the goal is to define a threshold which, when applied to the distribution of the population of all devices, results in a specific failure rate (typically 10%).  When developing the testing specification, the goal is to define a threshold which, when applied to the measurement of a single device, results in a reasonable confidence (greater than 50%) of determining the pass/fail outcome of this single measurement.  Thus, the impact of measurement uncertainty (MU) should be better understood in order to make progress in reaching agreement on core OTA performance requirements.

Any measurement of OTA performance of a device carries with it a MU expressed as a 95% confidence interval on the dB scale; the MU values corresponding to measurements of LEE devices are given in [5] and are excerpted in Table 1 below for convenience.
Table 1: MU values corresponding to LEE test cases

	RAT
	Device type
	Test case
	MU (dB)

	UMTS FDD
	LEE
	TRP
	1.9

	UMTS LCR TDD
	LEE
	TRP
	1.9

	UMTS FDD
	LEE
	TRS
	2.3

	UMTS LCR TDD
	LEE
	TRS
	2.3


As described in detail in [3] and [4], the MU represents an error contribution from a number of combined sources.  For the purposes of the analysis here, we make the assumption that measurement error has a known statistical distribution (we consider the cases of Gaussian and truncated Gaussian).
Representing measurement error as a Gaussian random variable  [image: image2.png]p.~N(0, o,.



, where [image: image4.png]


 is the standard deviation derived from the MU (for a coverage factor corresponding to a 95% confidence interval, [image: image6.png]MU/1.96




), the probability distribution function (pdf) and cumulative distribution function (CDF) are given in (1) below.
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Assuming a Gaussian distribution of the true values of the entire population of devices with some mean [image: image10.png]iy



 and standard deviation [image: image12.png]


, the population is represented as the random variable [image: image14.png]


 with the associated pdf and CDF given in (2) below.
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The measurement itself is a linear transformation of the two random variables: [image: image18.png]


.  Utilizing the additive property of Gaussian random variables, we observe that the random variable [image: image20.png]o 1 [03-+3)




Figure 1 below illustrates this relationship with an example of a population of represented by their TRP values (with a mean of 21 dBm and a standard deviation of 2.5 dB) and an error distribution with the MU set to 1.9 dB (corresponding to a standard deviation of 0.97 dB).
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=0.97dB, MU=1.9dB, 99% conf=2.9dB
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 pop sim: =21.0, =2.5, N=100001

meas sim: =21.0, =2.7, N=100001, MU=1.9dB

meas thy: =21.0, =2.7, MU=1.9dB
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 pop sim: =21.0, =2.5, 10% outg=17.1, N=100001

meas sim: =21.0, =2.7, 10% outg=16.9, N=100001, MU=1.9dB

meas thy: =21.0, =2.7, 10% outg=16.9, MU=1.9dB


Figure 1: Population and measured statistics example with Gaussian distributions;
a) measurement error pdf, b) population and measured pdfs, c) population and measured CDFs
If we were to go through the process of deriving a performance requirement based on a 10% failure rate, then the 10% outage value computed from the measured distribution (16.9 dBm) underestimates the 10% failure rate of the population (17.1 dBm) by 0.2 dB.

Some more examples of the relationship between the underlying population statistics and the statistics of the measurement result that includes MU are shown in Figure 2.  In these examples we observe the impact on the estimation of the outage value from measurement in uncertainty by (a) increasing the MU and by (b) reducing the population variance.
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 pop sim: =21.0, =2.5, 10% outg=17.1, N=100001

meas sim: =21.0, =2.9, 10% outg=16.5, N=100001, MU=3.0dB

meas thy: =21.0, =2.9, 10% outg=16.5, MU=3.0dB
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 pop sim: =21.0, =0.5, 10% outg=20.4, N=100001

meas sim: =21.0, =1.1, 10% outg=19.6, N=100001, MU=1.9dB

meas thy: =21.0, =1.1, 10% outg=19.6, MU=1.9dB


Figure 2: Examples of predicting population statistics from measurements;
a) with increased MU, b) with reduced population variance
Figure 3a increases the MU to 3 dB, and we observe that the gap between the outage value predicted by the measured distribution (17.2 dBm) and the underlying population (17.8 dBm) increases to 0.6 dB.  Figure 3b reduces the variation of the underlying population, and we again see the gap between the measured and true outage values increase.
Observation 1: When we intend to estimate the statistics of the underlying distribution from measurements that include uncertainty, as long as the variance of the underlying population is sufficiently larger than the variance of the measurement, the error in predicting the 10% outage point from the measured CDF is negligible.

In order to address the discussion about test tolerances and their relationship to measurement uncertainty, the same framework can be applied to illustrate it.  Figure 3 below illustrates the distribution of measurements of a single device (here assumed to have a TRP value of 21 dBm).
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  true val: =21.0, =0.0

meas sim: =21.0, =1.0, 10% outg=19.8, N=100001, MU=1.9dB

meas thy: =21.0, =1.0, 10% outg=19.8, MU=1.9dB


Figure 3: Example of impact of MU on measurements of a single device
We note that 50% of the time the measured value would be greater than or equal to the true value.  However, with 90% confidence, we can determine that the value is greater than or equal to the outage value (19.8 dBm in this example).  This formulation relates to the testing specification goals:  whereas the core performance requirements are set against the distribution of the population of devices, a testing specification applies a value that is a function of measurement uncertainty to define a pass/fail criterion that can be achieved with some level of confidence that is greater than 50%.
Observation 2: The problem of determining the core OTA requirement is one of estimating an outage probability of the population from a distribution of measurements and has a different relationship to measurement uncertainty from the problem of determining a threshold in a testing specification.
3.
Proposal
Observation 1: When we intend to estimate the statistics of the underlying distribution from measurements that include uncertainty, as long as the variance of the underlying population is sufficiently larger than the variance of the measurement, the error in predicting the 10% outage point from the measured CDF is negligible.

Observation 2: The problem of determining the core OTA requirement is one of estimating an outage probability of the population from a distribution of measurements and has a different relationship to measurement uncertainty from the problem of determining a threshold in a testing specification.

When considering the typical range of TRP and TRS values in designs that span global markets (i.e. when considering their roaming performance), we can expect an 8 to 10 dB range in performance.  Applying the 95% confidence interval to this range (and assuming the population of such devices is normally distributed), we can expect a standard deviation of 4 to 5 dB of the population of devices.  Thus, the example shown in Figure 1 of this paper (standard deviation of the population of 2.5 dB) can be considered the worst case, and the gap between the underlying population outage and estimated outage from measurements is 0.2 dB.
Proposal 1: When estimating the underlying statistics of a population of devices from a distribution of measurements that include the impact of uncertainty, it is proposed not to apply any offsets to the measured distribution when deriving the average performance requirement.
4.
References
[1] RP-130217, “Revised WID: LTE UE TRP and TRS and UTRA Hand Phantom related UE TRP and TRS Requirements,” Nokia Corporation, 3GPP, March 2013

[2] TS 37.144, “User Equipment (UE) and Mobile Station (MS) over the air performance requirements,” V0.1.0, 3GPP, March 2014
[3] ETSI TR 100 028-1, “ERM uncertainties in the measurement of mobile radio equipment characteristics, part 1”, V1.3.1, ETSI, March 2001
[4] ETSI TR 100 028-1, “ERM uncertainties in the measurement of mobile radio equipment characteristics, part 2”, V1.3.1, ETSI, March 2001
[5] TS 34.114, “UE/MS OTA antenna performance conformance testing,” V11.3.0, 3GPP, December 2012
[6] R4-145059, “UTRA TRP and TRS analysis for band 1 and head+hands test setup,” Telecom Italia, Orange, 3GPP, August 2014

