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1. Introduction

In 3GPP TSG RAN working group 4, activities to develop an all OTA specification is ongoing. At the moment, the work related to draft requirement text for OTA RF core requirements is ongoing. At the same time, the work with the NR RF core specification is running in parallel. 

In general OTA requirements will require new parameters to be adopted to capture the spatial aspects of the base station in an OTA environment. Unlike, characteristics to be captured in single directions (e.g. EIRP and EIS), there is a need for unwanted emission to be captured the power radiating in all directions. Therefore, its agreed to use total radiated power (TRP) as key parameter for emission. 

The background of TRP gives that it can be measured in the far-field region (based on EIRP samples) or in the near-field region (based on power density samples). For emission testing it is of great interest to study the complications related to the selection of proper measurement distance handling frequencies covering the whole spurious region. 

This contribution continues the discussion of a generalized TRP definition applicable for OTA unwanted emission. 

2. Discussion

In RAN4 eAAS WI the work is progressing. The goal is to create an all OTA specification for AAS base stations. For that, new parameters have been introduced in addition to EIRP and EIS, such as TRP. TRP is a parameter that describes the total radiated power radiating in all directions. This means that TRP, not only consider one direction as EIRP, rather all directions around the test object is considered.

So far in the discussion, requirements for radiated output power and spurious emissions have been defined based on TRP. The detailed list of requirements can be found in Table 2-1.   
Table 2-1: Requirements based on TRP
	Requirement 
	Parameter description
	Frequency

	Radiated output power
	The requirement is defined as an absolute TRP level (TRPw) to be declared for WA base station and met specified limits for MR base station and LA base station.
	At the carrier within the operating band.

	OTA ACLR
	The general requirement is defined as a ratio between the wanted carrier power (TRPw) and unwanted adjacent channel emission (TRPe). Also, an absolute limit for the adjacent channel emission is defined.
	Close the wanted carrier within the operating band.

	OTA OBUE
	The requirement for OBUE is based on the absolute TRP emission limits close the wanted signal. 
	The OBUE is defined in each supported downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below each band.

	OTA Spurious emission
	The transmitter spurious emission limits apply from 9 kHz to 12.75 GHz, excluding the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band.
	30 MHz to 12.75 GHz or 5th harmonic


In the current version of TR 37.843, total radiated power (TRP) is defined as an integral of EIRP as function of spatial angles (,). This definition would work for characteristics related to the carrier (e.g. radiated output power), where the far-field criteria determine the test distance. In the far-field region, EIRP is defined together with other classical antenna parameters such as antenna gain and radiation intensity. However, for spurious emission, the far-field criteria for low frequencies would lead to extremely large test distances. The definition of TRP offer the possibility to measure the power density at closer distance than the far-field criteria requires, as visualized in Figure 2-1. 
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Figure 2-1: TRP with respect to test distance
EIRP is a far-field parameter defined in the far-field region. In the far-field region, the radiation pattern does not change shape with distance. If the test object maximum linear dimension of an antenna is D, then the following condition must be satisfied:
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(Equation 1)
From the classical expression used to define the start of the far-field region, it is clear that it is frequency dependent. This means that the far-field test distance will depend on frequency. This means that being in the far-field for the operating frequency, doesn’t mean that the far-field criteria are fulfilled for lower end of spurious frequency range.   
Since the emission contributions generated by the test object can be within the range of fully correlated to uncorrelated, the assumption to be safe must be that emissions are correlated. Therefore, the physical dimension of the whole base station must be considered. 
For AAS base stations with integrated antennas the emission, in terms of TRP, can be no longer measured at RF connector. Therefore, OTA requirements are required. The requirement set consists of only OTA requirements for RF core specification and conformance test specification. 

When the emissions are limited by an absolute TRP limit, this leads to a potential need for dense angular sampling and corresponding measurements. This may result in extremely lengthy measurements considering the frequency domain. However, when the requirement is an upper limit and the emission level has a margin to the corresponding limit, a method with a known built-in error can be used to pass the test, see companion contribution [2]. 

Here, the background on TRP definition required for the carrier signal and unwanted emission is investigated further. 

In general, for any radiation (wanted carrier and emissions), the TRP is the power radiating through a closed surface around the radiating device. At a general level, TRP can be expressed as:
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(Equation 2)

Since the Poynting vector is a power density, the total power crossing a closed surface can be obtained by integrating the normal component of the Poynting vector. Therefore 
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 is the power density and measured the power flux per area dS out through the area S that encloses the antenna in W/m2. Assuming spherical coordinates the area element dS can be expressed as:
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Hence, Equation 2 can be written as:
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(Equation 3)

This definition of TRP does not relay on the measurement distance (e.g. near-field region or far-field region).

In many cases antennas, are characterized by their far-field properties, i.e. in the limit 
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, where D is the antenna diameter. In the far-field region, by definition the Equivalent Isotropic Radiated Power (EIRP) and the power density are related as:
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(Equation 4)

Hence, when the power density is measured indirectly via the EIRP in the far-field, and by combining Equation 3 and Equation 4, the TRP can be calculated as:
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(Equation 5)

The TRP expression in Equation 4 is assuming the EIRP samples to be measured at a distance away from the test object fulfilling the far-field criteria. Since OTA spurious emission requirements are defined from 30 MHz to the upper emission limit (12.75 GHz or 5th harmonic for FR1 and 2nd harmonic for RF2 not yet in RAN4 determined), the TRP far-field expression based on EIRP would put very strict limitations on the test range with respect to the measurement distance.

Regarding practical aspects related to conformance testing the TRP definition must be generalized allowing to used measurement distances shorter than the far-field distance. It is proposed for the RF core requirement to define TRP as:
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(Equation 6)

In the conformance specification, numerical approximations, and far-field expression, such as Equation 5 can be captured.

From this analysis, we suggest some basic principles to be adopted when developing the RF core specification and conformance test specification for NR base stations.

Proposal 1:

For unwanted emission requirements define TRP based on power density instead of EIRP.

In TR 37.843 and TS 37.105, the implementation could be a simple addition in the definition of RIB in clause 3:

radiated interface boundary: operating band specific radiated requirements reference point in the far field or near-field where the radiated requirements apply.

NOTE:
EIRP and EIS is parameters defined in the far-field region. TRP is a parameter defined in the near-field region as well as in the far-field region.

By defining TRP based on power density, removes the in-direct relation to the far-field criteria. Testing of unwanted emission can be conducted at any measurement distance ranging from outside the reactive near-field to far-field. In the far-field region it is more beneficial to use EIRP.
3. Conclusion

The terminology for TRP needs to be general to allow efficient conformance testing. Therefore, RAN4 needs to consider changing the definition of TRP to be based on power density (Equation 6) instead of EIRP (Equation 5). 
The current EIRP definition is limited to the far-field region. However, from a testing perspective it is vital to allow for testing of OTA unwanted emission at closer distances than set by the far-field criteria. 

Proposal 1:

For unwanted emission requirements define TRP based on power density instead of EIRP.
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