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1 Background 
In the work on AAS, several new concepts may be introduced in terms of how to define and measure emission limits. Many limits are defined in regulation and there are also recommendations for measurements. This paper gives a brief overview of some international regulation for AAS and systems with multiple antenna ports.
2 Discussion 
2.1 ITU Radio Regulations
The Radio Regulations (RR) is the fundamental international regulatory text, containing all decisions adopted by the World Radio Congress. The most recent version is the output of WRC-07 [1]. The following passages may have some relevance for the work on AAS:
· The terms “antenna port” and “antenna transmission line” are used throughout the RR, but no explicit definition is given. RR Volume 1, chapter I sets Terminology and technical characteristics, but “antenna port” and “antenna transmission line” are not mentioned there. The terms are however always used in singular.
· RR Vol II, Appendix 3 sets limits to spurious emissions for the “antenna transmission line”, which can also be found in the relevant ITU-R Recommendation SM.329 [2]. 
· RR Vol II, Appendix 3, Article 10bis points out that “Guidance regarding the methods of measuring spurious domain emissions is given in the most recent version of Recommendation ITU-R SM.329.” and further states that “The e.i.r.p. method specified in this Recommendation should be used when it is not possible to accurately measure the power supplied to the antenna transmission line, or for specific applications where the antenna is designed to provide significant attenuation in the spurious domain. Additionally, the e.i.r.p. method may need some modification for special cases.”
· RR mentions “active antennas” only in connection with unwanted emissions from satellite systems (non-GSO RNSS or MSS systems, in Annex 1 to Rec. ITU-R M.1583, which is incorporated by reference to the RR). For these cases, it is stated that in the case of an active antenna, the RF radiated power should be used instead of the unwanted emission at the input of the antenna.
2.2 ITU-R Recommendations

Rec. SM.329 Unwanted emissions in the spurious domain [2]
The definitions and terminology used in SM.329 [2] are very similar to the ones used in the RR. The general emission limits (category A) in SM.329 are also from the RR.
The following is noted for Space Stations in considering n): 
“n) 
that some space stations have active antennas and the measurement of power as supplied to the antenna transmission line cannot cover emissions created within the antenna. For such space stations, the determination of field strength or pfd at a distance should be established by administrations to aid in determining when an emission is likely to cause interference to other authorized services;”  
The spurious emission limits in SM.329 are qualified in the following way: 
“Table 2 indicates the maximum permitted levels of spurious domain emissions, appearing in RR Appendix 3, in terms of power of any unwanted component supplied by a transmitter to the antenna transmission line…”
A general note states that “Use the e.i.r.p. method shown in Annex 2, § 3.3, when it is not practical to access the transition between the transmitter and the antenna transmission line.” This note exists only for Category A limits.
Annex 2, §3.3 of SM.329 describes an e.i.r.p. measurement method called “Method 2 – Measurement of the spurious domain emission e.i.r.p.” on a total of two pages. 
Rec. SM.1541 Unwanted emissions in the out-of-band domain [3]   

The definitions and terminology used in SM.1541 are also very similar to the one used in the RR.
There is an Annex 12 for Fixed Services that contain a chapter on Methods of measurement. Two fundamental methods are described:

· Method 1 is the measurement of emission power supplied to the antenna port of the equipment under test (EUT). This method should be used whenever it is practical and appropriate.
· Method 2 is the measurement of the equivalent isotropic radiated power (e.i.r.p.), using a suitable test site.
The text describing Method 2 is similar to the one in SM.329 [2].
Rec. M.1580 Generic unwanted emission characteristics of base stations using the terrestrial radio interfaces of IMT- 2000 [4]   
This recommendation contains unwanted emission requirements for the different IMT technologies. The requirements are aligned with what is specified in 3GPP and does not provide any additional information. 
Rec. M.1678 Adaptive antennas for mobile systems [5]
The recommendation gives a recommendation that adaptive antenna technology should be considered in the development of new technology and used in deployments, but it does not give any recommendation regarding measurements or definitions.
2.3 ECC regulation

ERC Rec 74-01 Spurious emissions 

The ERC Recommendation 74-01 [6] is the main European regulatory document giving unwanted emission limits. The recommendation is aligned with Category B emission limits in SM.329-1 [2].  
In terms of terminology, ERC Rec 74-01 does not use the term antenna transmission line, but instead antenna port. Also here, no specific definitions of the terms are given.
There is a note to considering m) that explains Active antenna systems (AAS):

Note: an “Active Antenna System” (AAS) is an antenna with embedded capability for electronic amplification and/or other RF processing. The total gain of an AAS may be functionally split into an “active” gain of the electronic functions (AG) and a conventional “passive” gain/loss (directivity) due to the geometrical design performance of the antenna (PG).
Recommends 2 clearly defines where the reference points are for the emission limits:

2)
that for the purpose of this Recommendation, only unwanted emissions in the spurious domain conducted to the antenna port or subsequently radiated by any integral antenna, are subject to the established limits; “
Recommends 6) is concerned with power measurements and has a note on Active antenna systems (AAS):
Note 3: 
When a system is coupled to an "Active Antenna System", the limits of Table 2 should be met by the combined system; therefore compliance should be verified through an e.i.r.p. measurement (either near-field or far-field) and subsequent conversion to absolute power/attenuation values delivered to the transmission line, taking into account only the conventional "passive" gain (directivity) of the antenna.
There is no explanation within the recommendation of how to conduct e.i.r.p. measurements.
An off-line discussion has occurred within the ECC Project Team SE21 on the subject of having multiple antenna connectors (e.g. for MIMO). There was no conclusion on a clear way forward, but a conservative approach pointed out is to evaluate the power sum of emissions from the multiple antennas. It was recommended that ETSI sends a liaison to ECC and asks for clarification.
ECC Rec 02(05) [10]

This is the ECC “umbrella recommendation” for unwanted emissions. It contains mostly references to other ITU-R and ECC recommendations and does not give any additional definitions in the AAS area.
ECC and EU decisions for IMT bands
There are several decisions made for IMT bands, where regulatory limits are set both for “in-block” power (intentionally transmitted power) and “out-of-block power” in terms of “Block Edge Masks” (BEM, for unwanted emissions). Many of the base station emission limits in those decisions are defined in terms of e.i.r.p. Examples are the decision for the 2.6 GHz band [8] and the 800 MHz band [9]. There are recommendations of how to measure BEMs in ECC Rec 11(06) [7].
ECC  Rec 11(06) Block Edge Mask Compliance Measurements for Base Stations [7]
The recommendation discusses both conducted and radiated measurements. The following is stated in Annex A.1.4.4 regarding measurements of absolute power limits:
“The assessment of block edge masks with absolute power limits should be done using a conducted measurement directly at the transmitter output. Although a radiated measurement is possible in principle it’s not recommended, as it will introduce a number of additional uncertainties (e.g. measurement distance). Especially in the case of a BEM based on transmitter output power or output power density for a radiated measurement the knowledge of certain parameters is necessary, which can be acquired only on-site; i.e. feeder loss and antenna gain.”
2.4 FCC regulation
There seems to be no directly applicable text published by the FCC for Active Antenna Array Systems in general.

There are two recent publications by the FCC of an Administrative Requirements [11,12] concerning measurements made on a device that employs a single transmitter with multiple outputs in the same band. The documents treat both in-band and out-of-band/spurious emissions measurements.

For out-of-band/spurious emissions measurements from multiple outputs, two alternatives are given in [11]:
(1) Measure and sum the spectra across the outputs and compare to the emission limit.

(2) Measure each output and add 10 log(N) dB to the value before comparing to the emission limit, where N is the number of outputs.
There is also guidance in [11] on calculating directional gain from antennas, which are applied e.g. when a conducted measurement is combined with a directional gain calculation to show compliance with a radiated limit: 

· For cases where signals on different antennas are correlated (beam forming is given as an example), the antenna gain is GANT + 10log(N) dBi. 

· For cases where all antennas signals are completely uncorrelated (Space Time Block Codes and Spatial Multiplexing MIMO are given as examples), the antenna gain is GANT.

Additional guidance is given in [12] for MIMO operation with cross-polarized antennas.
3 Summary
The overview of international regulation in this paper should not be seen as complete, but rather as a sample of areas where AAS and multiple antenna systems are treated. 

While emission limits are in general stated as conducted limits and should according to regulation be assessed at an antenna connector/port/transmission line, regulation often state that if it is not possible to make a conducted measurement, radiated measurements (e.i.r.p.) are recommended. Some regional regulation also gives guidance for how to convert e.i.r.p. values to values at a reference point at the antenna port. There exists however also clear guidance that conducted measurements are in general preferred to e.i.r.p. measurements, even when the limits are stated as e.i.r.p.
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