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1 Introduction
During the RAN4 meeting #80 and 80-BIS, various aspects regarding EMC for AAS Rel-14 were discussed in [1] & [2]. It is known that for Rel-14 AAS, there will not be a possibility of disconnecting antennas and terminating the antenna port as it is done today for EMC testing. This means that new methods for EMC testing are needed.
Since the EMC requirements specified in 3GPP are derived keeping the regulatory requirements in view, it is useful to investigate how the regulatory requirements stand today (for AAS type of BS) and what is the on-going work in this arena.

This contribution provides a summary of the regulatory requirements in EU & US markets. The intention is to keep these requirements in view when specifying the EMC requirements for AAS in 3GPP.

2 Discussion
The Electromagnetic Compatibility (EMC) specifications specify the various test conditions, performance assessment and performance criteria for emissions and immunity testing of the Base stations. The EMC specification for release 13 AAS standard is captured in TS 37.114 [1]. 

From a regulatory perspective, the EMC requirements for the BS EUT can be categorized in to emission requirements and immunity requirements. On the TX side, the emission requirements of major interest are the Radiated spurious emission requirements and EMC radiated emission requirements. Similarly on the RX side, the immunity of the BS is tested towards radiation from RF electromagnetic field, electrostatic discharge, voltage dips and surges etc. However, except the immunity requirements from RF electromagnetic field, the other requirements are expected to not be affected significantly as we migrate towards the AAS architecture and OTA EMC testing of BS. These requirements are discussed specific to the EU and US markets in the next section.
In general, we note that despite the initiation of discussions in technical regulatory bodies, no new requirements are specified for AAS type of BS today and the existing requirements are expected to be applicable to the AAS BS as well. However we further note that this may in some cases not be possible due to integrated antennas and discussions to adapt the regulations with new requirements for AAS BS are ongoing.
Additionally, it should be noted that the discussion here is limited to the frequency ranges included within the scope of the eAAS work item (i.e. <6 GHz). For higher frequency ranges such as >15 GHz, the requirements will be significantly different and the current regulatory framework in various regions does not fully specify how these requirements will be postulated.
2.1 Emission Requirements
As mentioned in the section above, the EMC emission requirements can be categorized in to two categories. The spurious emission requirements and the radiated emission requirements. In terms of the applicability of the emission requirements, it can be noted that these requirements 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. In these 10 MHz excluded regions, it is the operating band unwanted emission requirements that apply. The applicability of SE & RE requirements is illustrated in figure 2.1.1 below
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Figure 2.1.1: Applicability of EMC emission requirements

Emission Requirements in EU Market:
As mentioned in the earlier section, despite the ongoing discussions, ETSI has not specified any new requirements for AAS type of BS. This means that the existing spurious emission and EMC radiated emission requirements still apply. These requirements are elaborated in the following discussion.
· Radiated Spurious emission requirements: This test assesses the ability of BS and repeater to limit unwanted emission from the enclosure port. The requirements specified today include:
· -36dBm/100kHz ERP below 1 GHz and -30dBm/1MHz ERP above 1 GHz

· These requirements are specified in ETSI EN 301 908-1, and are tested with the antenna port connected in a terminating load. 
· EMC Radiated emission: The radiated emission requirements ensure that the total emissions from the BS from all other electronics (e.g. AC port, control port etc.) are below a certain level. 
· This is a general requirement applicable on the enclosure and specified in EN 55032.

· The current requirement is -50dBm/1MHz above 1GHZ, ERP. However, this requirement is not applicable for BS and only the radiated spurious emission requirements are applied. 
· Exclusion bands for transmitter (TX) -  Exclusion band is a frequency range which is not subject to test or assessment of the spurious emission requirements. Exclusion bands are intended to protect the EMC measuring equipment.
· Generally exclusion bands for transmitters are defined in EN 301 489-1, based on the 250% rule (i.e. 250% of the occupied bandwidth either side of the center frequency),
· However, TX exclusion bands are not specified for BS equipment today. This aspect needs to be reconsidered since the BS with integrted antennas will generate a significantly higher field strength and the measurement receiver needs to be protected.
· Conducted EMC emission – conducted EMC emission requirements are specified on power and wired Network ports, stated in EN 301 489-1 for  wired network port and ETSI EN 301 489-50 for DC Power port.
· These requirements are expected to remain unchanged for AAS since all other ports besides the antenna port will continue to exist.
Emission Requirements in US Market:
Even though there is no specific mention of BS with AAS architecture in FCC, FCC has specified emission requirements for BS with integral antennas and these requirements are considered to be applicable for AAS BS today.
· Radiated Out of band emissions requirements: The radiated OOBE requireemnts are the FCC counter part of the EMC spurious emission requirements
· The general requirement of -13 dBm/1 MHz ERP is applicable (in some special cases allowed narrower RBW)
· These requirements are specified in FCC Part 2 and for some special cases (i.e. operation in 2200-2290 MHz band), additional requirements are specified in FCC Part 27.
· EMC Radiated emission: FCC also specifies radiated EMC emission requirements excluding OoB emission.

· As in ETSI, these requirements are applied on the enclosure port 
· The current requirement is -50dBm/1 MHz above 1 GHz. Unlike EU, this is a mandatory requirement

· Specified in FCC Part 15, §15.35.

· Exclusion bands for transmitter (TX) -  Exclusion band is a frequency range which is not subject to test or assessment of the spurious emission requirements. Exclusion bands are intended to protect the EMC measuring equipment.

· Generally exclusion bands for transmitters are defined based on the 250% rule (i.e. 250% of the occupied bandwidth either side of the center frequency),
· However, similar to ETSI, FCC does not define any TX exclusion bands for BS equipment today.
· Conducted EMC emission – conucted EMC emission requirements are specified on power and wired network ports.
· These requirements are expected to remain unchanged for AAS since all other ports besides the antenna port will continue to exist.
· These requirements are specified in FCC Part 15, §15.3.
2.2 Radiated Immunity Requirements:

This radiated immunity requirements are specified to test the ability of radio equipment and ancillary equipment to operate as intended in the presence of a radio frequency electromagnetic field disturbance at the enclosure. The intention is to assesses the ability of the BS to withstand the external field strength and operate as intended in the presence of disturbance at the enclosure. This tests ensures that the shielding of the equipment is such that it can co-exist with other electronic equipment and operate without degradation.
It should be noted that in the context of this discussion, radiated immunity refers to the immunity requirements for RF electromagnetic field as specified in the EMC specifications (e.g. TS 37.114). Figure 2.2.1 illustrates an example of testing the immunity in an anechoic chamber where a certaiin amount of field strength is generated to test the BS operation.
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Figure 2.2.1: Example EMC immunity test environment

Immunity requirements for EU market:
For the EU market, immunity requirements are specified in ETSI EN 301 489-1 and ENSI EN 301 489-50. It is worthwhile to note that the existing requirements may need to be adapted for AAS type of BS due to integrated antenna arrays and there some discussions have been triggered in the regulatory arena to address this. However, so far, no new requirements have been specified for the AAS type of BS and the existing requirements are deemed to be applicable for AAS products as well.
· Radiated immunity: The existing regulations specify two type of RI requirements:
· 3 V/m, 80 MHz – 690 MHz, and

· 10 V/m 690 MHz – 6 GHz.
The equipment is expected to be tested with these field strengths to test if it does not experience any degradation in performance due to these external disturbances.

As noted earlier, these requirements mean that for AAS, we may need to specify additional exclusion bands for the RX to ensure that the signal levels arriving at the TAB connector are similar to the existing blocking requirements and does not place additional constraints on the filter design.
· Exclusion band for receiver (RX), Exclusion bands are defined to ensure that the receiver does not get blocked due to the increased level of the disturbance (interfering signal). The existing exclusion bands extend from the lower frequency of the BS receive band minus 20 MHz to the upper frequency of the Base Station receive band plus 20 MHz. For AAS products, these exclusion bands need to be recconsidered since the presence of integrated antennas (instead of a terminated antenna port) will result in significantly high field strengths at the receiver.
Immunity requirements for US market
The FCC regulations do not specify any specific immunity requirements today. These requirements are specified in a different fashion under the Network Equioment Building Specifications (NEBS) requirements specified by the operators.
3 Summary
This paper discussed the EMC regulatory requirements for the EU & US markets.

In general, it was noted that despite the ongoing discussions in the regulatory arena about adapting the regulations to specify new requirements for AAS type of BS, no new requirements have been specified as of today. A summary of existing requirements is provided in the table below.
As noted in the discussion above, some of these requirements need to revisited in the regulatory framework and there are ongoing discussions on how to adapt these requirements for AAS type of BS.
A summarized version of the applicable requirements is provided in the table below:

	
	EU Market
	US Market

	Radiated Spurious Emission requirements
	· -36dBm/100kHz ERP below 1 GHz and -30dBm/1MHz ERP above 1 GHz

· Requirements specified in ETSI EN 301 908-1, and are tested with the antenna port connected in a terminating load.
· No TX exclusion bands defined for BS equipment today.
	· General requirement of -13 dBm/MHz ERP is applicable

· Requirements specified in FCC Part 2.

· FCC does not define any TX exclusion bands for BS equipment today.

	EMC Radiated Emission Requirements
	· -50dBm/MHz ERP general requirement. Not applicable for BS equipment

· Defined in ETSI EN 55032.
	· -50dBm/MHz above 1 GHz mandatory requirement. 
· Specified in FCC Part 15, §15.35.

	Radiated Immunity (RF electromagnetic field) requirements
	· Two type of requirements defined:

· 3 V/m, 80 MHz – 690 MHz, and

· 10 V/m 690 MHz – 6 GHz.
· Defined in ETSI EN 301 489-1 and ENSI EN 301 489-50

· RX Exclusion bands defined 20 MHz above and below the operating band
	· No requirements today
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