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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 has been highlighted that the Rel-13 AAS EMC specification in [3] 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 provides an estimation of the field strength within the EMC chamber and contemplates on the aspects to consider when specifying the EMC requirements for AAS BS.
2 Discussion
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 Ports & Enclosures

Figures 2.1.1 and 2.1.2 shows the prime difference in architecture from an EMC view point when comparing the ports on a conventional BS to the ports on an AAS BS.
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It is to be noted that the architecture for Rel-13 AAS BS will allow for physical antenna ports and hence can be viewed as a conventional BS from an EMC perspective. However, 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. 
For EMC testing today, the TX antenna ports are connected to a load and terminated; while the BS is transmitting at full power. However, with the AAS architecture shown in Figure 2.1.2, there will be no possibilities 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.
Observation set 1:

1. Antenna ports will disappear from the current EMC apparatus. 
2. For EMC testing today, the TX antenna ports are connected to a load and terminated; while the BS is transmitting at full power.
3. Antenna would be a part of EUT with no possibilities for termination and the transmission within the test chamber would include the gain from the antenna.
4. BS radiating rather than placing its output into a terminating load will result in relatively higher radiated field strength.
2.2 EMC test measurement set-up 
A high level test setup for EMC is shown in Figure 2.2.1 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. 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 2.2.1: Example EMC test measurement set-up
If we expand on the RF part of the EUT in the EMC test measurement set-up, we find the elements identified in Figure 2.2.2. The Transceivers (AAS ANT in the figure) are connected to a band pass filter at the Transceiver antenna boundary (TAB) followed by a LNA and a phase shifter to enable beam forming.
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Figure 2.2.2: RF chain of EUT
2.3 Field Strength Estimation
This section provides an estimation of field strength within the EMC chamber & the test set-up elaborated in section 2.2
2.3.1 Path-loss within the Chamber

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 TX & RX. 
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Figure 2.3.1.1: 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 2.3.1.1 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 potentially damage the test equipment and harm the personal (if they are in th chamber during test, which is common for some EMC requirements).
Observation set 2:

1. Based on the free space path loss, it is observed that the presence of antenna gains influences the field strength significantly within the chamber.
2.3.2 TX Power (dBm) to Field Strength (V/m) conversion

Since the field strength within the EMC chamber is expressed in terms of electric field strength (i.e. V/m), it is important to establish the intensity of electric field strength generated when transmitting at a certain power (dBm). This conversion exists in prior art and is explained in [4]. In summary,  for a free space wave impedence of 377 ohm, the electric field (V/m) can be expressed as:
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This formula provides us a way to calculate the field strength within the chamber. For instance, this can be used to estimate what should be the power level used to generate a field strength of X V/m at a given distance from the transmitter and vice versa. 
2.3.3 Field Strength calculations

Based on the discussion above, it is rather straight forward to calculated the field strength within the EMC chamber. For the purpose of this calculation, the following assumptions are made:
	Parameter
	Value

	TX Power of BS
	80W, i.e. 49 dBm

	Number of TRX
	64

	BS TX Antenna gain
	6 dBi

	Receiver Distance
	3 m


TX Power per transceiver ( 10log(80/64) + 30 = 30.96 dBm
Accumulated TX power from all TRX ( 30.96 + 10log(64) = 49.02 dBm

Power level with antenna gain (i.e. EIRP) = 49.02 + 6 = 55.02 dBm

ERP = 55.02 – 2.15 = 52.87 dBm
Using equation (1) from section 2.3.2, this leads to a field strength level of

    E = 32.54 V/m

This means that a TX power of 49 dBm will result in a field strength of 32.54 V/m when the measurement RX is placed 3m away from the EUT. Such high field strength within the chamber will definitely harm the measurement device and mandates us to define exclusion bands for the TX to protect the measurement device.
Figure 2.3.3.1 illustrates the field strength at different distances from the EUT keeping the other assumptions as explained above:
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Observation set 3:

1. The field strength levels in the EMC chambers for AAS (with integrated antennas) are significantly higher than the field strength generated from a conventional BS.
2. It is evident that there is a need to define exclusion bands for the Tx to protect the measurement devices
3. We need to reconsider the distance between the EUT and the measurement device for spurious & radiated emissions. Today these requirements are specified for a 3m distance.
4. It needs to be considered if the BS needs to transmit at full power during the spurious emissions, radiated emissions & immunity tests or is it sufficient to transmit with a power that generates a field strength level corresponding to the existing EMC requirements
2.4 Way Forward

Based on the above discussion the following proposals are made:

Proposal 1: TX exclusion bands need to be defined to protect the measurement devices. The width of these exclusion bands is FFS.
Proposal 2: The distance between the EUT and the measurement device for spurious & radiated emissions need to be increased to mitigate the field strength level to match the existing levels today. 

Proposal 3: 1.
It needs to be investigated if the BS needs to transmit at full power during the spurious emissions, radiated emissions & immunity tests or is it sufficient to transmit with a power that generates a field strength level corresponding to the existing EMC requirements
3 Conclusion
This contribution provided an in depth analysis of the field strength levels within the EMC chamber AAS BS for Rel-14 and beyond, where there is no possibility to disconnect the antennas.
The following observations and proposals are made:

Observation set 1:

1. Antenna ports will disappear from the current EMC apparatus. 
2. For EMC testing today, the TX antenna ports are connected to a load and terminated; while the BS is transmitting at full power.
3. Antenna would be a part of EUT with no possibilities for termination and the transmission within the test chamber would include the gain from the antenna.
4. BS radiating rather than placing its output into a terminating load will result in relatively higher radiated field strength.
Observation set 2:

1. Based on the free space path loss, it is observed that the presence of antenna gains influences the field strength significantly within the chamber.

Observation set 3:

1. The field strength levels in the EMC chambers for AAS (with integrated antennas) are significantly higher than the field strength generated from a conventional BS.

2. It is evident that there is a need to define exclusion bands for the Tx to protect the measurement devices
3. We need to reconsider the distance between the EUT and the measurement device for spurious & radiated emissions. Today these requirements are specified for a 3m distance.
4. It needs to be considered if the BS needs to transmit at full power during the spurious emissions, radiated emissions & immunity tests or is it sufficient to transmit with a power that generates a field strength level corresponding to the existing EMC requirements
Proposals:

Proposal 1: TX exclusion bands need to be defined to protect the measurement devices. The width of these exclusion bands is FFS.

Proposal 2: The distance between the EUT and the measurement device for spurious & radiated emissions need to be increased to mitigate the field strength level to match the existing levels today. 

Proposal 3: 1.
It needs to be investigated if the BS needs to transmit at full power during the spurious emissions, radiated emissions & immunity tests or is it sufficient to transmit with a power that generates a field strength level corresponding to the existing EMC requirements.
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Figure 2.1.1 – Example of ports for a conventional BS





Figure 2.1.2 – Example of ports for a (Rel-14) AAS BS
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