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1 Introduction
The Electromagnetic Compatibility (EMC) specifications specify the various test conditions, performance assessment and performance criteria for emissions and immunity testing of the Base stations. For the Rel-13 AAS work item, the EMC specification [1] was drafted with a simple principle of re-using the existing EMC requirements and referring back to the existing UTRA, E-UTRA and MSR EMC specifications. It was possible to use this approach since release 13 of AAS specification only allows for BS architectures with antenna connectors (TAB connectors) on all RF ports, which means that the antennas can be disconnected and TAB connectors can be terminated. This implied that in principle, each RF port can be treated in the same way as in the existing specifications and therefore the EMC requirements remained applicable in exactly the same way.

Going forward, in release 14 and beyond, the AAS BS architecture may not allow the antennas to be disconnected or provide TAB connectors on all RF ports. This means that the conducted methods where the antenna ports are terminated will no longer be possible and hence new methods for EMC testing are needed. This contribution aims to highlight the various aspects that need to be considered and investigated when addressing EMC testing for such BS architectures. As a first step, the aim is to develop a common understanding of the issues that need to be resolved and then discuss the methods of addressing these issues.

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 37.113 [1]. 

It is important to note that from release 14 onwards, the AAS architecture may not have dedicated TAB connectors or the BS may not have the possibility to disconnect the antennas. This means that the current EMC approach requires an overhaul and we need to find methods to test the radiated EMC requirements. 
The following discussion raises various issues as a first step to develop a common understanding of the problems that need to be addressed. The next step would be to discuss the alternatives to resolve these issues.

2.1 Ports & Enclosures

Figures 2.1.1 to 2.1.3 show the various illustrations from the existing EMC specifications [1] to identify the preliminary differences in the new architecture from an EMC view point. 
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Figure 2.1.1 - Examples of ports
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From the ports perspective, the difference for the new EMC specification would be that there will be no physical/conducted antenna port. The antenna would in this case be integrated within the Equipment under test (EUT) and be a part of the apparatus. This additionally means that the transmissions from the EUT within the test chamber will have antenna gain included in them. All other ports will continue to remain as they are today. The significance of antenna port and its prime usage is to establish a communication link as part of the EMC testing. In the absence of the antenna port we will need other mechanisms to set-up and maintain the communication link.

Observation set 1:
1. Antenna ports will disappear from the EMC apparatus. Hence other mechanisms to set-up and maintain the communication link will be needed.

2. Antenna would be a part of EUT and the transmission within the test chamber would include the gain from the antenna.

From an enclosure view point (shown in figures below), we do not foresee a difference as both the options of single enclosure and multiple enclosure scenarios would be possible since there is a possibility for having a separate digital unit for AAS.
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2.2 Establishing a communication link

For the conventional EMC testing (i.e. in the presence of antenna ports), the communication link is established with an external measuring equipment with a shielded transmission line, such as a coaxial cable. The communication link is established by transmitting a wanted RF signal with specific signal characteristics such as TX channel and power etc.

In case of the scenario where antenna ports are not available or antennas are integrated within the EUT apparatus, the communication link needs to be established over the air (OTA). Additionally, due to the integrated antennas, the gain from the antennas will result in significantly high powers in certain directions within the test chamber. It is also worthwhile to note that currently the TX ports are connected into a terminating load and simply the fact that the BS radiating rather than placing its output into a terminating load will result in relatively higher radiated field strength within the test chamber, even if the antenna were to be omnidirectional and have no gain factor.

This means that there will be an impact on the radiated emissions and the radiated immunity. Additionally, the radiated communication link will also depend on the antenna elements and beam forming capabilities etc. These aspects need to be considered and a link budget analysis will be required to identify the EIRP that will result in SNR similar to the corresponding SNR of the conducted signal generated with the coaxial cable.

Additionally, further considerations may be needed for the test object or mobile unit that is to receive the transmissions from the BS within the test chamber. The test object needs to have sufficient filtering and attenuating capabilities to withstand the power transmitted within the chamber. This means additional immunity requirements may need to be defined for the test object.
Observation set 2:

1. The communication link needs to be established over the air (OTA) and will potentially have an impact on the radiated emissions and the radiated immunity.

2. The TX ports cannot be terminated any longer and the radiated power from the antennas will lead to significantly higher radiated field strength within the test chamber.

3. For the communication link, a link budget analysis will be required to identify the EIRP that will result in SNR similar to the corresponding SNR of the conducted signal generated with the coaxial cable.

4. The test object will need to have sufficient filtering and immunity capabilities to withstand the power levels within the test chamber

2.3 
Requirement Aspects
In terms of the major impact due to the absence of antenna ports, we find two major aspects which will be impacted on different levels and will need further investigation. These can be categorized as:
· Radiated Emission aspects

· Radiated Immunity aspects

The prime reason for an impact on these is the fact that the TX ports cannot be terminated anymore and integrated antennas will be radiating which will intensify the TX power of the BS. Similarly at the RX end, the gain of the antennas will enhance the RX power of the BS and hence enhanced protection is required.

2.3.1 Exclusion bands

An exclusion band is a band of frequencies over which no tests of radiated immunity are made.

The current EMC standard defines certain exclusion zones or exclusion bands on the BS receiver side. In the current EMC standards, the receiver exclusion bands for base stations extend from the lower frequency of the base station receive band minus 20 MHz to the upper frequency of the base station receive band plus 20 MHz. Due to the presence of integral antennas, these exclusion bands might not be sufficient and an extension of these bands may be required. 
Similarly, on the TX side, the current EMC specification does not specify any exclusion bands for the radiated immunity tests. This is because the TX port is connected to a load and terminated. However, the TX is still on and transmitting at full power. In case of integrated antennas, since there is no way of terminating the TX ports, TX exclusion bands will be required since the high transmit powers within the test chamber will result in damages to the EUT and the measuring equipment. Similarly, exclusion bands may also need to be defined for the radiated emission requirements on the TX so as to protect the measuring system/receiver. 
Observation set 3:
1. Exclusion bands for the TX need to be defined, which currently do not exist.

2. Exclusion bands for the RX may need to be extended.

2.3.2 Radiated Emissions

The current radiated emission requirements (defined in subclause 8.2 of e.g. 37.113) are set to test the EIRP levels from the spurious emissions from the BS. For EMC testing, the TX ports are connected to a load and terminated. The radiation is then measured from the chassis/enclosure to ensure that the spurious emissions are under a certain limit. This means that the transmission of the carrier itself is not part of the radiated field and it is mainly the spurious emissions that contribute to the radiated field strength. 

Going forward, when there is no possibility of terminating the antenna ports, the carrier powers will also contribute to the radiated field strength. The radiated emission requirements on the spurious emissions should not change, but we need to define new mechanisms to measure and exclude the power generated from the carrier transmission so that it does not contribute to the overall spurious emissions. Alternatively, we may need to re-think the limits on the radiated emissions so that the tolerance from this carrier transmission is somehow reflected in the requirements.
Observation set 4:
1. The current radiated emission requirements are specified to test the spurious emissions from the BS. When there is no possibility to terminate the antennas, the carrier transmission will also contribute to the radiated field strength.

2. New mechanisms are needed to exclude this field strength from the carrier or to re-define the requirement such that it includes certain tolerance to reflect the impact from this carrier transmission.

2.3.3 High RF power field inside the EMC test chamber

As mentioned in the discussion above, the high gains and number of elements of the integral antennas will result in very high radiated field levels within the EMC test chambers in some directions. This means that we need to:
· Define requirements on the measuring devices to ensure protection. Additional filtering may be required at the receiver to cater for high field strength levels in the test chamber. 

· Requirements may also be needed on the test chamber itself (for e.g. on the RF power absorption capacity) so as to ensure it can withstand the increased field strength levels. Alternatively, long distance testing may be considered as an alternative to the current EMC chambers which are short distance (up to 10m)
Observation set 5
1. Requirements on the measurement devices may need to be defined to cater for high field strength levels in the test chamber.
2. Requirements may also be needed on the test chambers so as to ensure it can withstand the increased field strength levels

3 Conclusion
This contribution provides an overview of the issues that need to be considered when specifying the EMC requirements for AAS BS for Rel-14 and beyond, where there is no possibility to disconnect the antennas.

The following main observations were made:

Observation set 1:

1. Antenna ports will disappear from the EMC apparatus. Hence other mechanisms to set-up and maintain the communication link will be needed.

2. Antenna would be a part of EUT and the transmission within the test chamber would include the gain from the antenna.
Observation set 2:

1. The communication link needs to be established over the air (OTA) and will potentially have an impact on the radiated emissions and the radiated immunity.

2. The TX ports cannot be terminated any longer and the radiated power from the antennas will lead to significantly higher radiated field strength within the test chamber.

3. For the communication link, a link budget analysis will be required to identify the EIRP that will result in SNR similar to the corresponding SNR of the conducted signal generated with the coaxial cable.

4. The test object will need to have sufficient filtering and immunity capabilities to withstand the power levels within the test chamber

Observation set 3:

1. Exclusion bands for the TX need to be defined, which currently do not exist.

2. Exclusion bands for the RX may need to be extended.

Observation set 4:

1. The current radiated emission requirements are specified to test the spurious emissions from the BS. When there is no possibility to terminate the antennas, the carrier transmission will also contribute to the radiated field strength.

2. New mechanisms are needed to exclude this field strength from the carrier or to re-define the requirement such that it includes certain tolerance to reflect the impact from this carrier transmission.

Observation set 5

1. Requirements on the measurement devices may need to be defined to cater for high field strength levels in the test chamber.

2. Requirements may also be needed on the test chambers so as to ensure it can withstand the increased field strength levels
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Figure 2.1.3 - BS with multiple enclosure solution



