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Introduction
According to the description of the radiated characteristics in TR 37.843 [1], the OTA requirements for the AAS BS are belonging to one of the two groups: 
· Single direction requirements, or
· TRP (Total Radiated Power) requirements, where TRP is defined as

, where EIRP is the filtered mean power within the desired bandwidth.

Two direction requirements were already defined in Rel-13 AAS BS core TS 37.105 [2] and test specification TS 37.145-2 [3] for the EIRP and EIS tests. 
Definition of the TRP requirement for the AAS BS is currently under discussion in eAAS WI and its conformance testing will require multiple dual-polarized EIRP measurement points around the DUT. So far, the following requirements were agreed to be defined as the TRP requirements:
· Tx: Unwanted emissions, ACLR 
· Rx: Rx spurious emissions
In order to define the test requirements based on the core requirement (which was decided to be TRP type requirement), we need to understand how to address the measurement uncertainty in case of multiple number of test point, during the TRP test requirements derivation. Derivation of the measurement uncertainty will be required to obtain the test tolerance, which together with the core requirement will define the test requirement.
Consideration of the TRP measurements for the BS has not been considered so far in the 3GPP specification. However, spherical radiation pattern measurements were already considered for UE requirements. UE measurement procedure in TR 25.914 [5] (Measurements of radio performances for UMTS terminals in speech mode) already considered measurement of the spherical radiation pattern. The same approach was further referenced in the TS 34.114 [4] (UE/MS OTA antenna performance; Conformance testing).
In this contribution we are discussing the measurement uncertainty for the TRP requirements where multiple measurement points will be required to obtain single measurement result, with reference to the UE OTA specification.
Discussion
In TR 37.843 [1], the TRP (Total Radiated Power) requirement is defined as follows: 
TRP requirement: AAS BS requirements, which requires dual‑polarised measurements of the figure of merit over the whole sphere around the DUT

In order to provide measurements over the whole sphere around the DUT, we need to consider the TRP sampling grid, which was already discussed during previous RAN4 meetings, including its potential optimization techniques in order to reduce testing effort and testing duration. 
Irrespective of the TRP sampling grid and density of the measurement points around the DUT, we need to understand how to address the measurement uncertainty in case of multiple measurement points. Depending on the OTA test range, number of the OTA test point for the TRP derivation could vary, and RAN4 shall not mandate any constraints limiting number of those measurement points around DUT. 
Derivation of the measurement uncertainty will be required to obtain the test tolerance, which together with the core requirement will define the test requirement. In the following sections, we are looking into the available MU derivation methodology, aiming to collect information from the ongoing RAN4 WI on LTE UE TRP and TRS and UTRA Hand Phantom related UE TRP and TRS Requirements, where MU derivation of the spherical TRP/TRS requirements around the UE was defined. In particular to the TR 25.914 [5] and to the conformance specification TS 34.114 [4] are referred. Furthermore, referring to the TR 37.902 [8] on the test methodology for UE TRP/TRS, the measurement uncertainty was claimed to be the same as described in TR 25.914 [4]. 
0. TS 34.114: UE / MS OTA antenna performance; conformance testing
In the following subsections, we are analysing TS 34.114 [4], looking at the items related to the measurement uncertainty of the OTA spherical measurements. 
0. Estimation of measurement uncertainty
The procedure of forming the uncertainty budget used for the estimation of the measurement uncertainty in the AAS BS TR 37.842 [7] section 10.1.2 (Uncertainty budget calculation principle) was actually reused from the TS 34.114 [4], where the procedure of forming the uncertainty budget in TRP measurement is captured, as extracted below: 
1)	Compile lists of individual uncertainty contributions for TRP measurement both in Stage 1 and Stage 2.
2)	Determine the standard uncertainty of each contribution by
a)	Determining the distribution of the uncertainty (Gaussian, U-shaped, rectangular, etc.)
b)	Determining the maximum value of each uncertainty (unless the distributions is Gaussian)
c)	Calculating the standard uncertainty by dividing the uncertainty by [image: ] if the distribution is U-shaped, and by [image: ] if the distribution is rectangular.
3)	Convert the units into decibel, if necessary.
4)	Combine all the standard uncertainties by the Root of the Sum of the Squares (RSS) method.
5)	Combine the total uncertainties in Stage 1 and Stage 2 also by the RSS method: [image: ].
6)	Multiply the result by an expansion factor of 1.96 to derive expanded uncertainty at 95% confidence level: 1.96 * [image: ].
Observation 1: the procedure for the estimation of the MU for TRP requirements is already well known by AAS community, as the same approach was used already for the directional OTA requirements in Rel-13 AAS WI.
0. Uncertainty budget derivation for TRP measurements
In order identify delta among the measurement uncertainty contributors list for the directional and TRP-type requirement, in this section we are looking into the elements of the uncertainty contributions in TRP measurement in TS 34.114 [4] which are specific to the spherical OTA measurements, and which are not existing in the uncertainty contribution list for the EIRP measurement in the AAS TR 37.842 [7]. 
For the OTA TRP measurement on UE side, in was identified that there is an uncertainty contributor related to the coarse sampling grid. 
Table 1: Spherical OTA specific uncertainty contributions in TRP measurement [4]
	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT measurement

	10) Coarse sampling grid
	E.13



Referring to annex E.13 of the TS 34.114 [4] the measurement uncertainty for coarse sampling grid is considered to be composed of two different errors, i.e.: 
· inadequate number of samples,
· systematic discrimination approximation error in TRP and TRS equations.


As captured in TS 34.114 [4], the 10 or 15 sampling grid in elevation and/or sampling grid  in azimuth used in TRP/TRS measurements has been shown to introduce only minor differences as compared to the results obtained with denser sampling grids, so with that sampling grid the uncertainty contribution can assumed negligible (i.e. standard uncertainty of 0dB assumed).
When using sample step size in range of 15 - 30, the standard uncertainty of 0.15dB can be assumed to cover coarse sampling grid errors.
[image: ]
Figure 1. Approximation error of TRP/TRS [4]
In Table 3 below, the uncertainty contributor for the coarse sampling grid for TRP measurements was captured based on [4]. 
Table 3: Measurement uncertainty values for TRP measurements [4]
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	10)	Coarse sampling grid for TRP measurements 
	

= 15 and= 15
	0
	N
	1
	1
	0



Observation 2: For the UE OTA measurements of the TRP, regular sampling grid with 15 resolution was considered as the reference grid which is not introducing additional measurement uncertainties for the measurement of the omnidirectional UE radiation pattern. 
For the AAS BS discussions it shall be further noted, that the above observation shall not be directly applied for the BS, which has beamforming capabilities for beams of values beamwidths. It can be speculated, that the measurement grid shall be dependent on the beamwidth capabilities (in H and V) of the AAS BS, as declared by the manufacturer. 
0. BER related uncertainty contributor for TRS measurement 
The TRS sensitivity requirement for the UE relies on the BER rate, similar to the EIS requirement for AAS BS where BER or throughput metric is used. One of the uncertainty contributors in the TRS measurement is the “Statistical uncertainty of BER measurement”. The referred Statistical uncertainty of BER measurement is described as follows in TS 34.114, annex E.19 [4]: 
For a full TRS measurement with a regular sampling grid, the statistical uncertainty can be approximated by using the following formula:

 
Where:
· 
 is the statistical uncertainty of single measurement,
· 
is the number of measurements.
The above presented approximation of the measurement uncertainty for the full TRS, based on single (i.e. directional) measurement uncertainty, has been formulated based on the ETSI TR 100 028-1 [6]. 
For the eAAS discussions it shall be noted, that the EIS requirement is not defined as TRS (i.e. TRP-type requirement for the sensitivity) requirement and application of the above BER measurement uncertainty over the eAAS specific compliance ranges is not valid. However, it is proposed to further evaluate whether similar TRP uncertainty derivation would be applicable to the radiated power measurements (based on ETSI TR 100 028-1). 
The above referred approximation mechanism is defined for regular sampling grid. It shall be further investigated, what are the implications of the sampling grid (and its potential optimization techniques) selection on the resulting approximation methodology of the TRP measurement uncertainty. 
Observation 3: It shall be further investigated, what are the implications of the non-regular sampling grid selection (and its potential optimization techniques) on the resulting approximation methodology of the TRP measurement uncertainty. 
0. Test system uncertainties
[bookmark: _Toc389998176]As background information and in order to get understanding of the expected test system impact on the TRP measurement, the Maximum uncertainty of Test System for the UE TRP defined in TS 34.114 [4] are listed in Table 1 below (it’s not the intention to compare the UE and AAS BS measurements, but certain elements of the OTA test systems will be similar (e.g. test equipment, positioning systems, cabling, probe antennas), therefore the values below are referred for information and rough estimate). 
Table 4: Test system uncertainties for OTA tests [4]
	Test case
	Maximum Test System Uncertainty

	TRP
	±1.9 dB



It shall be noted, that above max test system uncertainties are not the same as the Test Tolerance values used to derive the test requirements in the UE specification. The above listed maximum test system uncertainties are defined for number of selected bands.
Conclusion
The aim of this contribution, was to collect RAN4 information on the MU for the TRP requirements, in order to trigger the discussion on the formulation of the TRP test requirements. 
The following observations were made: 
Observation 1: the procedure for the estimation of the MU for TRP requirements is already well known by AAS community, as the same approach was used already for the directional OTA requirements in Rel-13 AAS WI.
Observation 2: For the UE OTA measurements of the TRP, regular sampling grid with 15 resolution was considered as the reference grid which is not introducing additional measurement uncertainties for the measurement of the omnidirectional UE radiation pattern. 
Observation 3: It shall be further investigated, what are the implications of the non-regular sampling grid selection (and its potential optimization techniques) on the resulting approximation methodology of the TRP measurement uncertainty. 
Based on the discussion above, a TP to the TR 37.843 [1], is proposed in [10], capturing initial findings for the TRP measurements in eAAS WI. 
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