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1 Introduction
During the last RAN4 meeting, various aspects regarding EMC for AAS Rel-14 were discussed in [1]. 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 questions 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. 
2.1 EMC test measurement set-up
A high level test setup for EMC is shown in Figure 2.1.1 where the Equipment Under Test (EUT) is placed in an anechoic chamber with fixed test distances. A range antenna or probe antenna is placed in the camber at a distance of a few meters corresponding to the far-field distance related to a single element. A band stop filter is used to protect the measurement receiver from the wanted signal. The LNA is used to increase the noise figure for the measurement receiver. 
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Figure 2.1-1: Example EMC test measurement set-up
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Based on the test setup above, if we expand the test object, we find the ports as illustrated in the following figure. Now, for the EMC testing the TX antenna ports are connected to a load and terminated. However, the BS is transmitting at full power. Going forward, when there is no possibility of terminating the antenna ports, 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.

[image: image2]
Additionally, since the antennas would be integrated within the Equipment under test (EUT) and be a part of the apparatus, the transmissions from the EUT within the test chamber will have antenna gain included in them — leading to a further increase in the field strength within the chamber. This is exemplified in the following discussion.
2.2 Field strength within the Chamber
Considering the fact that the antenna ports can no longer be terminated for EMC testing, it is highly relevant to characterize the impact of the integrated antennas in the EUT. Assuming free space propagation loss in an anechoic chamber, the path loss can be calculated as:
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, where Gt and Gr are the antenna gains (with respect to an isotropic radiator) of the transmitting and receiving antennas respectively,  is the wavelength, and R is the distance between the antennas. 
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Figure 2.2.1: Free-space path loss, assuming Gt=Gr=0 dBi
Assuming a 0dBi antenna gain for the TX and RX, the iso-tropic free space path loss is plotted in figure 2.2.1 for 30, 1000, 2000, 4000, 6000 and 12000 MHz. It can be noted that for a typical distance between the EUT and the probe antenna within the chamber, (e.g. 5 meters), the path loss at 2GHz is more than 50 dB. However, if the EUT has integrated antennas with X number of antenna elements, the path loss will change proportionally. For instance, at 2GHz, considering only one antenna element with a TX Gain = 10 dBi and assuming 10 dBi gain for the probe antenna, the path loss at 5 meters will be roughly 30 dB, i.e. 20 dB lower than the path loss assuming 0 dBi antenna gains. With this observation, it can be contemplated that an AAS EUT with an antenna array of e.g. 32TRX will lead to significantly increased field strength within the chamber which could hurt test equipment and personal (if they are in th chamber during test, which is common for some EMC requirements).
2.3 RF Spurious Emissions vs. EMC Spurious Emissions
Today, the RF spurious emissions are tested as part of the RF requirements specified in 3X.104 & 3X.141 specifications. With these requirements, we test the spurious emissions generated from the RF transmission of the equipment. In addition, we test EMC spurious emissions by connecting the TX ports to a terminating load and transmitting at full power. The intention is to test the spurious emissions from the black box/EUT when it is transmitting to a physically connected port. These EMC related spurious emission requirements are specified in the corresponding EMC specifications.

However, as we go towards an “all-OTA” design philosophy, these two requirements converge. Both the RF spurious emissions and the EMC spurious emissions will now have to be tested in a radiated/OTA manner. It then makes sense to possibly combine these requirements or to perform tests in a manner to minimize repetition. A similar principle can be applied when we test EMC immunity and RF blocking for the BS RX.
2.4 Summary of questions to be addressed for AAS EMC Rel-14 work
In our previous discussion on EMC in [1], we highlighted different aspects that need to be considered when investigating EMC aspects for AAS during Rel-14. Here we narrow these down in the form of questions that need to be addressed as part of this work:
1. Can we minimize the repitition of tests or possibly specify common requirements for EMC spurious emissions and RF spurious emissions? The same principle can also be applied for BS RF blocking and EMC immunity tests.

2. How to establish the communication link given the field strength levels within the EMC chamber? 
3. How to protect the devices within the EMC chamber given the increased field strength?
4. Exclusion zones on the RX side: Current exclusion bands are defined +- 20 MHz from the BS lower and upper frequencies. Are these exclusion zones sufficient given the integrated antennas?
5. Exclusion zones on the TX Side: There are no exclusion zones defined for the TX since we terminate the port and transmit on full power on this grounded port. With integrated antennas, we cannot terminate the port and TX with full power. The BS receiver and the measurement equipment needs to be protected. How much exclusion zones are needed for this?
4. Radiated Emissions (TRP/EIRP): Given the field strength within the chamber, it makes sense to measure TRP instead of the current EIRP tests. It is yet to be determined how to set the TRP requirements in this case? Additionally, this needs to be aligned with the EMC spurious emission tests.
5. How to address the PIM aspects during immunity testing given the existing chamber types? Is there a need for requirements on the chambers?
6. The chamber dimensions that we have today may not sufficient to perform certain tests (for e.g. immunity tests) where the EUT is rotated 90 degrees while maintaining a fixed distance to the disturber. Does this require additional requirements on the chambers?
7. When moving the EUT as part of the immunity tests, the TX may need to be moved as we rotate the EUT. This may lead to a case where the disturber interferes with the TX of the communication link and the communication link may be lost.
3 Conclusion
This contribution provided 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.

It was noted that there will not be a possibility of terminating the antenna ports and simply the fact that the BS radiating within the chamber rather than placing its output into a terminating load will result in relatively higher radiated field strength within the test chamber. The EMC test measurement setup and a simple link budget calculation shows an estimation of the increased field strength within the test chamber.
It was also noted that as we go towards an “all-OTA” design philosophy, the EMC requirements and conventional RF requirements converge. For instance, the RF spurious emissions and the EMC spurious emissions will now have to be tested in a radiated/OTA manner. It then makes sense to possibly combine these requirements or to perform tests in a manner to minimize repetition. A similar principle can be applied when we test EMC immunity and RF blocking for the BS RX.

A summarized list of questions is also provided as a baseline for investigating various aspects concerning Rel-14 EMC issues. The aim for the coming meetings is to investigate these issues and reach consensus in RAN4 on defining requirement that provide a robust framework for EMC testing of future AAS BS.
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Figure 2.1.2 – Example of ports for Rel-13 AAS








