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1 Introduction
There has been an on going discussion on specifying various EMC requirements for AAS Rel-14 during the last few RAN4 meetings [1] & [2]. The contributions submitted for this meeting in [3] & [4] address some issues with regards to EMC field strength estimation and specification of spurious emission requirements for AAS BS. 

This contribution aims to analyze the existing radiated immunity requirements and the out of band blocking requirements to identify the differences between these requirements for conventional BS architectures and for AAS BS. We make some key observations in terms of specifying these requirements for an AAS BS and provide proposals on key aspects to consider for when specifying these Rel-14 AAS (i.e. without the possibility of terminating the antenna port or disconnecting the antennas)..
2 Discussion
It is well known that 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. Tho following discussion analyzes the out of band blocking and radiated immunity requirements and paves the way to specify these requirements for Rel-14 AAS BS. 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). Similarly, blocking here refers to the out of band blocking requirement.

When specifying the radiated immunity (RI) and blocking requirements for Rel-14 AAS, it is very important to keep in mind the original intention of these requirements and the existing limits today. Additionally, the EMC requirements for Rel-14 AAS should follow the same principle as the RF requirements and the AAS requirements should not be stricter than the corresponding existing requirements for singl-RAT or MSR operation.
2.1 Review of Existing RI and Blocking requirements
The existing RI and out of band blocking requirements are extracted from TS 37.113 and TS 37.104 below. Important aspects for the discussion in this contribution are highlighted in yellow.
-----start of excerpt from 37.113-----

9.2
RF electromagnetic field (80 MHz - 1000 MHz, 1400 MHz to 2700 MHz)

The test shall be performed on a representative configuration of the equipment, the associated ancillary equipment, or representative configuration of the combination of radio and ancillary equipment.

9.2.1
Definition

This test assesses 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.
9.2.2
Test method and level

The test method shall be in accordance with IEC 61000‑4‑3 [23]:

-
for transmitters, receivers and transceivers the following requirements shall apply:

-
the test level shall be 3 V/m amplitude modulated to a depth of 80 % by a sinusoidal audio signal of 1 kHz;

-
the stepped frequency increments shall be 1 % of the momentary frequency;

-
the test shall be performed over the frequency range 80 MHz - 1 000 MHz and 1400 MHz - 2700 MHz with the exception of the exclusion band for receivers (see subclause 4.4);

-
responses in stand-alone receivers or receivers which are part of transceivers occurring at discrete frequencies which are narrow band responses, shall be disregarded, see subclause 4.3;

-
the frequencies selected during the test shall be recorded in the test report.

-----End of excerpt from 37.113-----

-----start of excerpt from 37.104-----

7.5
Out-of-band blocking

The Out-of-band blocking characteristic is a measure of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer outside the uplink operating band.
7.5.1
General minimum requirement

For a wanted and an interfering signal coupled to BS antenna input using the parameters in Table 7.5.1-1, the following requirements shall be met:

-
For any E-UTRA carrier, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel defined in TS 36.104 [4], subclause 7.2.

-
For any UTRA FDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.104 [2], subclause 7.2.

-
For any UTRA TDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.105 [3], subclause 7.2.

-
For any GSM/EDGE carrier, the conditions are specified in TS 45.005 [5], Annex P.2.1.

For BS capable of multi-band operation, the requirement applies for each supported operating band. The in-band blocking frequency ranges of all supported operating bands according to Table 7.4.1-1 shall be excluded from the requirement.

Table 7.5.1-1: Blocking performance requirement

	Operating Band Number
	Centre Frequency of Interfering Signal [MHz]
	Interfering Signal mean power [dBm]
	Wanted Signal mean power [dBm]
	Type of Interfering Signal

	1-7, 9-11, 13, 14, 18, 19, 21-23, 24, 27, 33-44
	1 

(FUL_high +20)
	to

to
	(FUL_low -20) 

12750
	-15
	PREFSENS + x dB* 
	CW carrier 

	8, 26, 28
	1 

(FUL_high +10)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS + x dB* 
	CW carrier 

	12
	1 

(FUL_high +13)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS + x dB* 
	CW carrier 

	17
	1 

(FUL_high +18)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS + x dB* 
	CW carrier 

	20
	1 

(FUL_high +20)
	to

to
	(FUL_low  -11) 

12750
	-15
	PREFSENS + x dB* 
	CW carrier 

	25
	1 

(FUL_high +15)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS + x dB* 
	CW carrier 

	NOTE*: 
PREFSENS depends on the RAT, the BS class and the channel bandwidth, see subclause 7.2.

“x” is equal to 6 in case of E-UTRA or UTRA wanted signals and equal to 3 in case of GSM/EDGE wanted signal.


-----End of excerpt from 37.104-----
From the above text, the following key observations can be made:

Observation set 1:

1. The intention of the RI test 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.
2. The intention of the blocking test is to assess the ability of RX to receive a wanted signal in the presence of an unwanted interferer. The test ensures the quality of the the receiving equipment and has a very different intention when compared to RI test.
3. The existing RI requirement is 3V/m and the equipment is tested for operation up to 2.7 GHz.

4. The existing blocking requirements are fulfilled with an interfering signal power is -15 dBm and a higher level of interferer (i.e. any level >-15 dBm) will result in the tightening of the requirement.

5. We also note that for the RI requirements, new regulations are in place (for some regions) as pointed out in the contribution in [5] which apply a stricter requirement of 10V/m instead of 3V/m and extend the operating or testing frequency range up to 6 GHz.

2.2 Measurement set-up for testing RI & Blocking requirement
A high level test setup for testing RI 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 for RI test
The expanded test object shows that the antenna port is connected to a terminating load and the BS is transmitting at full TX power during the RI test. The Range angenna is used to generate an electric field strength of 3V/m as the EUT is tested for the RI requirement. However, if we were to test an AAS BS under this set-up, then the measurement setup will include integrated antennas instead of an antenna port and will look like the example illustrated in figure 2.2.2
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Figure 2.2.2: Example EMC test measurement set-up for RI test for AAS BS
From the difference in the above two figures, it is evident that when testing the RI requirement for AAS BS, the non-terminatable antennas will result in the receiver being exposed to comparatively higher field strength as compared to the non-AAS BS test setup. Since the antenna port cannot be terminated any longer, the field strength enters the RF chain and will block (& in some cases damage) the receiver.

Observation set 2:

· Integrated antennas during the RI test will lead to significant field strength that enters the RF chain of EUT (that was previously connected to a terminated load).

If we further expand on the RF part of the EUT in the EMC test measurement set-up, we find the elements identified in Figure 2.2.3. 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 2.2.3: RF chain of EUT
If the requirement is kept as the existing non-AAS requirement today, then the level of the interferer at the TAB connector in figure 2.2.3 should not be more than -15 dBm in both the blocking & RI tests. In case the RI test results in a higher level of interferer at the TAB connector, this means that the requirement has been altered and the RX will potentially be blocked.
Proposal 1: The level of the interfering signal at the TAB connector should be as defined as TS 37.105 and the interfering signal in the RI test should not be higher than the specified blocking level (i.e. -15dBm).

2.3 Calculation of level of interfering signal during RI test

This section estimates the level of the interfering signal that will arrive at the TAB connector during the RI test. An example test setup is shown in figure 2.3.1

[image: image4]
Figure 2.3.1: example test setup of RI testing

Assumptions for calculation
	Parameter
	Value

	Electric field strength
	10V/m

	Path loss
	Free space path loss

	AAS ANT gain
	10 dBi

	Receiver Distance
	3 m

	Operating frequency
	3.5 GHz


The contribution in [3] explains how to translate between electric field strength and the TX power at a given distance. Using this calculation, we can find the TX power needed to generate the desired field strength around the EUT.

Using the method elaborated in [3], we find that TX power needed to generate a field strength of 10V/m at a distance of 3m is  44.8 dBm
Since the EUT is 3m away from the interferer, the interfering signal arriving at the AAS antenna will experience a pathloss of -53 dB. This means that the interfering signal power before the EUT will be -8.1 dBm.
Assuming a pessimistic gain of 10 dBi, the interfering signal level at the TAB connector will be: -8.1+10= 1.9 dBm
This simple calculation shows that the level of the interfering signal at the TAB connector will be much (~17 dB) higher than the existing requirement of -15dBm. We need to define mechanisms (such as extending exclusion bands or reducing the RI requirement) to ensure that the level of the interfering signal does not increase the existing -15dBm blocking requirement.
Observation set 3:

The RI calculations with an AAS BS as an EUT show that the interfering signal level arriving at the TAB connector is significantly (~17dB) higher than the existing requirement of -15 dBm.
Proposal 2:

Mechanisms (such as extending exclusion bands or reducing the RI requirement) need to be defined to ensure that the level of the interfering signal does not increase the existing -15dBm blocking requirement.

3 Conclusion
This paper discussed the out of band blocking and radiated immunity aspects for a Rel-14 AAS BS from an EMC view point. The following observations and proposals are made.
Observation set 1:

1. The intention of the RI test 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.
2. The intention of the blocking test is to assess the ability of RX to receive a wanted signal in the presence of an unwanted interferer. The test ensures the quality of the the receiving equipment and has a very different intention when compared to RI test.
3. The existing RI requirement is 3V/m and the equipment is tested for operation up to 2.7 GHz.

4. The existing blocking requirements are fulfilled with an interfering signal power is -15 dBm and a higher level of interferer (i.e. any level >-15 dBm) will result in the tightening of the requirement.

5. We also note that for the RI requirements, new regulations are in place (for some regions) as pointed out in the contribution in [5] which apply a stricter requirement of 10V/m instead of 3V/m and extend the operating or testing frequency range up to 6 GHz.

Observation set 2:

· Integrated antennas during the RI test will lead to significant field strength that enters the RF chain of EUT (that was previously connected to a terminated load).

Observation set 3:

· The RI calculations with an AAS BS as an EUT show that the interfering signal level arriving at the TAB connector is significantly (~17dB) higher than the existing requirement of -15 dBm.

Proposal 1:
The level of the interfering signal at the TAB connector should be as defined as TS 37.105 and the interfering signal in the RI test should not be higher than the specified blocking level (i.e. -15dBm).

Proposal 2:
Mechanisms (such as extending exclusion bands or reducing the RI requirement) need to be defined to ensure that the level of the interfering signal does not increase the existing -15dBm blocking requirement.
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