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1. Introduction
At the last RAN4 meeting (RAN4#92 in Ljubljana) a LS from ITU-R WP5D was received [1]. 
Currently AAS base stations are deployed in networks worldwide and consequently administrations are looking for test methodologies to measure or approximate TRP for wanted carrier power and unwanted emission power for AAS base stations operating in the field for the following reasons;
1. EMF exposure measurements (e.g. maximum wanted carrier power density)
2. Checking that the radio device meets its licence conditions (e.g. in-block power limits and block edge emission masks).
3. Mitigation of interference situations (e.g. measuring unwanted emission).
The focus in this contribution is on (2) and (3), where TRP is used as figure of merit.
In the liaison statement received from WP5D last meeting, WP5D ask RAN4 two questions regarding BS OTA field testing;
1. For in-band signals, it would be possible to calculate TRP from measured EIRP with a priori knowledge of the directivity of the antenna. As previously stated by 3GPP RAN 4 (Document 5D/1038), for wanted signal, if the directivity is known, it is enough to measure the peak EIRP and adjust it with the directivity to obtain TRP. 
One approach indicated by Document 5D/1207 coming from ITU-R Working Party 1C could be through availability of a “base station test mode”, which can be applied in the field to control the operation of an AAS (Active Antenna Systems), to make the system under test only transmit a single beam with the highest possible gain in a given direction.

ITU-R is seeking more information and technical input about any currently implemented or planned feature in the 3GPP specifications to set the base station and its AAS as described above. 
2. To use this method for emissions in the OOB and the spurious domains. ITU-R would like to understand:
a. For a base station active antenna system, what characteristic related to antenna frequency response and bandwidth can be assumed in the respective frequency domains which might be available as part of the 3GPP specifications?
b. How does the active antenna system radiation pattern change, including the direction of the main beam in the OOB domain with respect to change in frequency while being in “test-mode”?  
In this contribution we provide some vital information about the feasibility to measure wanted signal power TRP based on few EIRP measurement locations as input to question 1 as well as some further input relevant to question on unwanted emissions in question 2. 







2. Discussion
Traditionally, RF characteristics is verified in field by measuring EIRP and using knowledge about the antenna gain to translate the requirement to the RF connector. For AAS base stations, the requirement boundary has been moved to the radiated domain, where requirements for base station output power (wanted signal power), unwanted emission (in-band and out-of-band and spurious) have been defined based on TRP. Consequently, OTA test methods capable of verifying TRP requirements have been developed for AAS base stations. RAN4 have described the technical background for TRP test methods in TR 37.843 and TR 38.817-02. 
Unlike for traditional base station, requirements are defined for the complete system, not per RF connector. This means that for each EIRP sample to be measured the total power must be considered as:
		(Eq. 2-1)
, where p1 and p2 denotes two orthogonal polarizations.
OTA field testing of TRP can be divided into two main categories; wanted signal in the operating band and unwanted emissions in the operating band and outside the operating band. 
For the wanted signal, knowledge about the antenna directivity can be used to determine TRP from:
		(Eq. 2-2)
, where EIRP is measured at a specific direction towards the base station and D is the directivity at this specific direction. For peak EIRP, the parameter EIRP0 is used and for peak D, the parameter D0 is used. For the wanted signal the directivity is characterised by and can be requested from the base station manufacturer.   
Experience from the OTA test methods developed for in-door non-fading test environment in RAN4 can be used to develop test concepts for OTA field testing out-door. In this contribution we point out relevant information to consider in the work to develop in field out-door OTA test methods. 
Evaluating the relation between wanted signal directivity and signal correlation properties, the directivity is plotted for 100% (typically corresponding to the wanted signal), 50% and 0% correlation. scenarios are plotted. Here a base station output power of TRP equal to 30 dBm feeding an 8x8 URA antenna was assumed. 
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 Figure 2-1: Signal correlation impact of directivity
Assuming the wanted signal directivity for unwanted emissions indicates that the measurement result for unwanted emission would in some cases be under estimated. Therefore, test methods for TRP is split up into two main categories; wanted signal and unwanted emissions. 

2.1 Wanted signal TRP measurement
For the wanted signal two general approaches valid for measuring wanted signal TRP in field have been identified;
1. Direct measurement of TRP, where multiple EIRP samples at different locations are used to calculate TRP.
2. Using a priori information relevant for the base station to be tested.
Here we provide some technical background for how to measure TRP based on base station a priori information (2).
By enabling a test mode that will produce a narrow beam with highest possible EIRP, the base station normal network operation will be disabled as well as enabling a mode of operating that is not reflecting normal operation for an AAS base station operation. Enabling dedicated test signals, during normal operating consumes resources and can also cause unintentional interference in the network. 
Instead it’s better to use signals already available during normal operation, such as CRS for LTE and SSB for NR. 
For in field OTA testing practicalities such as finding good measurement location allowing the tester to measure the peak EIRP of the reference signal can be challenging.  Alternatively, the field tester can select a location suitable for the test equipment (measurement antenna and signal analyser) which measures the EIRP of peak or even in the side lobe region. The reference signal power is measured towards the base station, not necessarily in the reference signal beam peak direction, as showed in Figure 2.1-1. The reference signal power is the power allocated to resource elements associated to CRS and SSB, which can easily be measured by standard test equipment.
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Figure 2.1-1: Wanted signal TRP measurement
To be able to convert a signal EIRP test sample to TRP, knowledge about the base station reference signal is required. Having information about the measurement antenna gain towards the base station, orientation and location together with following base station information;
· Base station antenna aperture orientation and location.
· The base station reference signal directivity at the direction towards the measurement equipment. 
· The carrier resource element power allocation profile is required to scale the power from reference signal power to full carrier power.
The reference signal EIRP at the direction towards the measurement antenna, denoted EIRPRS(,) can be expressed as:
		(Eq. 2.1-1)
, where Prx is the power measured at the signal analyser input RF port, r is the distance between the base station and the measurement antenna and G((2,2) is the measurement antenna gain towards the base station. The TRP allocated to therefore signal can be expressed as:
		(Eq. 2.1-2)
, where D(1,1) is the directivity at the direction towards the measurement antenna. This information is provided by the base station manufacturer. The carrier TRP is calculated as:
		(Eq. 2.1-3)
, where C is a scaling factor to account for the power scheduled to the reference signal to the power scheduled for the complete carrier signal. This information is provided from the base station.
The location and orientation for the base station and the measurement antenna is required to determine r, 1, 1, 2 and 2.
The base station parameters can be provided by the network operator to the field tester giving an opportunity to develop a signal analyser capable of displaying wanted signal TRP directly on the screen. More information than the directivity is required to be able to measure TRP from a single EIRP measurement. 

2.2 Unwanted emission TRP measurement
Fundamentally, directivity is defined as a ratio between the power radiating in a specific direction and the total radiated power. To be able to translate a single EIRP measurement point would require the directivity to be known as function of frequency and spatial angles, with appropriate resolution to resolve characteristics properly in frequency and spatially. For unwanted emission frequencies, the directivity is not known for frequencies with a large separation from the wanted signal frequency whereas the directivity for adjacent frequencies is expected to behave similar to that for the wanted signal. Similarly, the antenna pattern is similar to the in-band pattern for adjacent frequencies and may be different for other frequencies with a large separation from the wanted carrier frequency. Therefore, by theory multiple EIRP or power density measurement points around a sphere enclosing the base station are required when TRP is measured. 
Studies related to measurements in a controlled environment [3, 4] have shown that sparse sampling can be used when TRP is measured. In current versions of RAN4 BS OTA test specifications (TS 37.145-2 and TS 38.141-2) support for multiple test approaches including spare sampling methods is included.  
The exact TRP can be calculated as an average of the special case where a spherical grid is used, where the samples are located in a pattern so that the area in the sampling grid is constant. A sampling grid where measurement points are distributed around the sphere is not suitable for OTA in field testing, instead multiple samples in a horizontal cut can be used as input for calculation of an approximation of TRP in the region where the base station is supposed to radiated within. For base stations designed for wide area deployments it would be interesting to evaluate the unwanted emission produced in a specific sector (e.g. 120 degrees for a wide area base station), rather than 360 degrees, as shown in Figure 2.2-1.
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Figure 2.2-1: Base station and field tester seen from above
If the measurement samples not can be selected, as shown in Figure 2.2-1, due to building or other physical restrictions samples can be measured at another radius and then translated to the circle. In general, the angular resolution () can be determined by the physical size of the base station and the frequency of interest.
Using only one power density measurement or EIRP measurement sample would result in a TRP measurement value that could vary due to the beamforming gain in that specific direction related to the specific unwanted emission at a specific frequency. This approach would produce a measurement result where the measurement uncertainty is expected to be large.
For unwanted emission, TRP for a specific frequency can be determined from N different power density measurement samples by using one of the following approaches to estimate TRP; 
		(Eq. 2.2-1)
, or
		(Eq. 2.2-2)
, where N is the number of power density measurement points required to meet an acceptable measurement uncertainty. For unwanted emission that is spatially spread out, fewer measurement are required, while for emission that is beamformed many measurements are required to measure TRP with acceptable measurement uncertainty.  
On approach to determine, how many samples that is required for a specific frequency is to evaluate the spectral contents of the first measurement sample. From the first sample the unwanted emission can be classified, by analysing the emission in the frequency domain. If it can be concluded that the signal with narrow spectral contents are not originating from mixing products where the wanted signal is included. Therefore, it can be concluded that the spatial characteristics of the unwanted emission is uncorrelated and spatially spread out. In Table 2.2-1, different types of unwanted emission can be classified to give some initial information for how many measurement samples that are required. 
Table 2.2-1: Classification of unwanted emission 
	Classification
	Correlation
	Description
	Number of measurement points

	Discrete tones
	Low
	Discrete tones, like LO, not related to wanted signal
	Few spatial measurement samples required

	White noise
	Low
	Half sphere radiation
	Few spatial measurement samples required

	Modulated
	Medium to High
	Related to wanted signal, e.g. harmonics, intermodulation, etc.
	A reasonable number of measurement sample are required



The knowledge from controlled OTA testing in chambers can be used to establish guidelines on how the sampling points can be selected to maintain acceptable measurement uncertainty. Based on the additional constraints set by outdoor field testing the number of required power density measurement samples can be determined. 
For unwanted emission generated by a base station within the frequency range ranging from close to the wanted signal to the spurious domain, the challenge is to find a test method capable of measuring different types of unwanted emission with acceptable measurement uncertainty. If the peak power density is measured, the result would be a too large TRP value. If the minimum EIRP from a conversion from the wanted signal is measured, then result is too low. Therefore, multiple power density samples are required to estimate unwanted emission TRP for base stations with acceptable measurement uncertainty.











3. Conclusion
Currently, the RAN4 scope does not include in field OTA testing. Hence no plans to define test modes or test methods directly for OTA in field testing exists. 
In this contribution we have summarized some experience from RAN4 and the development of test methods for base stations relevant for TRP measurements in a controlled environment in an OTA test chamber. The experience from previous years test method development work can be used for OTA in field test methodology development together with proper adaptations capturing specific in field OTA test aspects. The technical background for sparse sampling TRP measurements can be found in RAN4 as well outside RAN4 [3]. The technical background for 3GPP RAN4 test methods is captured in TR 37.843 and TR 38.817-02. Detailed information about specific TRP test methods is also captured in TS 38.141-2, Annex I. 
Below we provide some input to be considered when the LS response to ITU-R WP5D is prepared in RAN4:
Input to answer to question 1:
· Currently, RAN4 specifications doesn’t specify any test modes or features for in field OTA testing.
· Currently, RAN4 have no plans for defining test modes or test methodologies for in field OTA testing.
· In section 2.1, technical background information is provided for how to measure wanted power without support for test modes or test signals.
Input to answer to question 2a:
· Since the radiation characteristics for an AAS base station is created as a result of super-positioning of signals from many radiating elements, the radiating characteristics for a specific frequency varies as function of the signal correlation applied to the array antenna and the frequency characteristics related to the element. 
Input to answer to question 2b:
· A test mode affecting the wanted signal behaviour will have impact on unwanted emission that is created as a product of the wanted signal and other signals. Using signals that are available during normal operating represent a better situation for unwanted emission compared to an operation mode where a dedicated test signal is generated. 
In summary, this document provides measurement procedures for both wanted signal and unwanted emissions that are applicable for in the field measurements.
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