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1. Introduction

In 3GPP TSG RAN4 the work to develop requirement text for radiated RF core requirements for NR base stations have started. Parallel activities are ongoing in eAAS for AAS base stations. From a RAN4 perspective, it is vital to coordinate AAS and NR activities to maximize RAN4 efficiency. Similar for both NR and eAAS, is that the intension is to develop a full set of radiated requirements to be included in TS 37.105 (eAAS) and TS 38.104 (NR requirement sets 1-O and 2-O). 
For radiated characteristics, total radiated power (TRP) is used as key parameter for in-band requirements (e.g. radiated carrier power and ACLR) as well as for out-of-band requirements (e.g. spurious emission). At last RAN4 meeting (RAN4#84) in Berlin extensive effort on creating specification text resulted in draft specification text for TS 37.105 consisting of radiated carrier power and radiated unwanted emission. It is reasonable, that the same approach will be used also for TS 38.104 at coming meetings.
For FR2 the upper limit for spurious emissions is extended to also support mm-wave products. The very large frequency range for spurious domain in NR, will require completely new test methods to be described in RAN4. The combination of test object size and frequency defines for what test distance far-field parameters (such as EIRP) can be used for RF core requirements and corresponding conformance testing.
In the work with NR BS RF core requirements it was noticed that the definition of TRP may need some further considerations to generic enough for all foreseen RF core requirements in NR Release 15.
2. Discussion

Currently for NR BS RF core requirements, TRP is used as foundation for several radiated requirements, as listed below;

1. Radiated output power

The requirement for radiated output power per carrier is defined as an absolute TRP level (TRPw). 
2. OTA Adjacent Channel Leakage Ratio (ACLR) 

The general requirement is defined as a ratio between wanted carrier power (TRPw) and unwanted adjacent channel emission (TRPe). Also, an absolute limit defined for the adjacent channel emission.
3. OTA Operating Band Unwanted Emission (OBUE)

The requirement for OBUE is based on the absolute TRP limits defined from 10 MHz below the lowest frequency of each supported downlink operating band to the lower base station RF bandwidth edge located at FBW RF,low and from the upper base station RF bandwidth edge located at FBW RF,high  up to 10 MHz above the highest frequency of each supported downlink operating band.   
4. OTA Spurious Emission

The requirement for spurious emission within the spurious domain (30MHz to the upper limit) is an absolute TRP emission level. 

The testability of low TRP levels was investigated in [1] for eAAS.

For NR AAS base stations with integrated antennas the emission, in terms of TRP, can be no longer measured at RF connector. Therefore, OTA requirement sets for FR1 (1-O) and FR2 (2-O) is 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 1)

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 1 can be written as:
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(Equation 2)
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 3)

Hence, when the power density is measured indirectly via the EIRP in the far-field, and by combining (2) and (3), the TRP can be calculated as:
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(Equation 4)

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 (2nd harmonic of carrier frequency 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 5)

In the conformance specification, numerical approximations, and far-field expression, such as Equation 4 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 RF core specification define TRP based on power density instead of EIRP.

Proposal 2:

The RF core specification use continuously expression and handle discrete numerical simplification in the conformance specification. 

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 5) instead of EIRP (Equation 4). 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 RF core specification define TRP based on power density instead of EIRP.

Proposal 2:

The RF core specification use continuously expression and handle discrete numerical simplification in the conformance specification. 
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