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1 Introduction
During the RAN4 meeting #80 and 80-BIS, various outstanding issues regarding EMC for AAS Rel-14 were discussed in [1] & [2]. The contribution submitted for this meeting in [3] highlights the differences between the AAS BS and the conventional BS from an EMC perspective and also provides an in depth analysis of the field strength within the EMC chambers for BS with integral antennas (i.e. without the possibility of terminating the antenna port or disconnecting the antennas).

In this contribution, we investigate the Rf spurious emissions and EMC radiated spurious emissions aspects. In particular, we review the existing RF spurious emission requirements and the EMC radiated spurious emission requirements and provide a concept on how these requirements can be specified for AAS Rel-14 compliant BS.

2 Discussion
It is well known that 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. Hence from an EMC perspective, the existing requirements could be re-used and the Rel-13 AAS EMC specification was drafted by re-using the existing EMC requirements and referring back to the existing UTRA, E-UTRA and MSR EMC specifications.
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.
2.1 RF Spurious Emission and EMC Radiated Spurious Emission Requirements
In terms of spurious emission, two type of requirements are relevant for the testing of equipment. The first is the RF spurious emission requirements specified in TS 3x.104 & 37.105 for AAS BS and the second is the EMC radiated spurious emission requirements specified in 37.113 & 37.114 for AAS BS.
For the sake of simplicity, we will refer to these as SE (for RF spurious emission) and RE (for EMC radiated spurious emissions) from here on wards in the discussion.

In terms of the applicability of the SE and RE requirements; according to the existing specifications, 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 spurious emission requirements

2.1.1 RF Spurious Emission Requirements

Analysing the SE requirements considering the MSR specifications as an example, we find that the minimum requirements are specified as follows:
-----start of excerpt from 37.104-----

6.6.1.1.2
Minimum requirement (Category B)

The power of any spurious emission shall not exceed the limits in Table 6.6.1.1.2-1

Table 6.6.1.1.2-1: BS Spurious emissions limits, Category B

	Frequency range
	Maximum Level
	Measurement Bandwidth
	Note

	9 kHz ( 150 kHz
	-36 dBm
	1 kHz 
	Note 1 

	150 kHz ( 30 MHz
	-36 dBm
	10 kHz 
	Note 1

	30 MHz ( 1 GHz
	-36 dBm
	100 kHz
	Note 1

	1 GHz ( 12.75 GHz
	-30 dBm
	1 MHz
	Note 2

	12.75 GHz ( 5th harmonic of the upper frequency edge of the DL operating band in GHz
	-30 dBm
	1 MHz
	Note 2, Note 3

	NOTE 1:
Bandwidth as in ITU-R SM.329 [2] , s4.1

NOTE 2:
Bandwidth as in ITU-R SM.329 [2] , s4.1. Upper frequency as in ITU-R SM.329 [2] , s2.5 table 1 

NOTE 3:
Applies only for Bands 22, 42 and 43.


-----End of excerpt from 37.104-----

Observation 1: RF spurious emission (SE) requirements are specified as -36 dBm or -30 dBm with different measurement bandwidth depending on the operating frequency of the BS.
2.1.2 EMC Radiated Spurious Emission (RE) Requirements

Similarly, if we analyze the EMC RE requirements in 37.113, we note that the minimum requirements are specified as follows:

-----Start of of excerpt from 37.113-----

8.2.1.3
Limits

The frequency boundary and reference bandwidths for the detailed transitions of the limits between the requirements for out of band emissions and spurious emissions are based on ITU-R Recommendations SM.329 [10] and SM.1539 [23].

The BS shall meet the limits below:

Table 8.2.1.3-1: Limits for radiated emissions from BS 

	Frequency range
	Minimum requirement (e.r.p.)/Reference Bandwidth

	30 MHz( f <1000 MHz
	-36 dBm/100 kHz

	1 GHz( f <12,75 GHz
	-30 dBm/ 1MHz

	FBW RF,low - 10 MHz < f < FBW RF,high  + 10 MHz (Note 1)
	Not defined

	NOTE 1:
For BS capable of multi-band operation, the frequency ranges relating to the RF bandwidths of all supported bands apply.


Key:

FBW RF,high:
Upper RF bandwidth edge
FBW RF,low :

Lower RF bandwidth edge

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

It is however to be noted that these RE requirements are applicable at the enclosure port and the antenna port is connected to a terminating load while the BS is transmitting at full power. The RE emissions are then tested in this setup to make sure that the requirements are fulfilled. This is illustrated in figure 2.1.2.1
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Figure 2.1.2.1: Radiated spurious emission requirements in an EMC environment
Observation 2: It is noted that the EMC Radiated spurious emission requirements are same as the RF SE requirements and are specified as -36 dBm or -30 dBm with different measurement bandwidth depending on the operating frequency of the BS.

2.2 SE & RE Requirements for AAS BS

Since the Rel-14 AAS BS will not have the possibility of disconnecting antennas, the antenna ports can no longer be connected to a terminating load. This means that there is a need to define a concept to specify the SE & RE requirements. This is illustrated in figure 2.2.1
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Figure 2.2.1: Example of Rel-14 AAS BS architecture with integral antennas

This also means that the SE & RE requirements for Rel-14 AAS BS cannot be differentiated since both these requirements will be specified OTA and in both cases, the BS will be radiating.

Observation 3: The SE and RE requirements for Rel-14 AAS BS cannot be differentiated since both these requirements will be over the air (OTA) and the BS will be radiating in both cases.

Since the RE & SE requirements cannot be differentiated any longer, we need to define these requirements in a combined way such that the requirements are now specified on the enclosure as one box. At the same time, we should ensure that the requrements are specified following the same principle as for other AAS requirements; i.e. the SE & RE requirements from an EMC perspective should not be relaxed when compared to a non-AAS BS.
The combined requirement will then contain a SE component and a RE component and the total spurious emission requirement will be a linear sum of these two requirements. Considering that the existing SE & RE requirements (-30dBm) are specified individually, combining (linear sum of) these two requirements in one total emission requirement essentially means that the new requirements will be slightly (3 dB) stricter as compared to the existing requirement. 

Figure 2.2.2 illustrates how these requirements are specified today and how the requirements should be specified for Rel-14 AAS BS. 
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Proposal 1: Since the RF spurious emissions and EMC radiated spurious emissions can no longer be distinguished, it is proposed to specify a combined spurious emission requirement as a linear sum of RF SE & EMC RE.

2.3 Calculating Total Spurious Emission requirement

This section illustrates a simple procedure of calculating the total spurios emission requirement. As noted in the earlier discussion, the total spurious emissions comprise of the RF spurious emissions and the EMC RE. 

The RF spurious emissions are specified in TS 37.105 as:

-----Start of of excerpt from 37.105-----
6.6.6.2
Minimum requirement for MSR operation
The MSR spurious emission basic limits are the same as those specified in TS 37.104 [9], sub-clauses 6.6.1.1, 6.6.1.2, 6.6.1.3 and 6.6.1.4
The spurious emission requirements for an MSR AAS BS are that for each TAB connector TX cell group and each applicable basic limit specified in TS 37.104 [9], the power summation emissions at the TAB connectors of the TAB connector TX cell group shall not exceed an AAS limit specified as the basic limit + 10log10(Ncountedpercell).
NOTE:
Conformance to the AAS spurious emission requirement can be demonstrated by meeting one or both of the following criteria as determined by the manufacturer:

1. The sum of the emissions power measured on each TAB connector in the TAB connector TX cell group shall be less than or equal to the AAS limit as defined in this sub-clause for the respective frequency span. 

Or

2. The unwanted emissions power at each TAB connector shall be less than or equal to the AAS limit as defined sub-clause for the respective frequency span, scaled by -10log10(n), where n is the number of TAB connectors in the TAB connector TX cell group.

-----End of of excerpt from 37.105-----
Assumptions for calculation

	Parameter
	Value

	Spurious emission basic limit
	-30dBm

	Ncountedpercell
	8


RF Spurious emissions = -30 + 10log(8) = -21 dBm

EMC Radiated spurious emissions = -30 dBm (as specified today)
Total spurious emissions = SE + RE = -20.48 dBm

Observation 4: The RF spurious emission calculations also highlight the importance of using TRP as a measurement metric since using EIRP will introduce an antenna gain and lead to a significant tightening of the requirement.

3 Conclusion
This contribution reviewed the existing spurious emission requirements and the EMC RE reqiuirements and provided a proposal of how to specify these requirements for Rel-14 AAS BS. 
The following observations and proposals are made:

Observation 1: RF spurious emission (SE) requirements are specified as -36 dBm or -30 dBm with different measurement bandwidth depending on the operating frequency of the BS.
Observation 2: It is noted that the EMC Radiated spurious emission requirements are same as the RF SE requirements and are specified as -36 dBm or -30 dBm with different measurement bandwidth depending on the operating frequency of the BS.
Observation 3: The SE and RE requirements for Rel-14 AAS BS cannot be differentiated since both these requirements will be over the air (OTA) and the BS will be radiating in both cases.
Observation 4: The RF spurious emission calculations highlight the importance of using TRP as a measurement metric since using EIRP will introduce an antenna gain and lead to a significant tightening of the requirement.
Proposal: Since the RF spurious emissions and EMC radiated spurious emissions can no longer be distinguished, it is proposed to specify a combined spurious emission requirement as a linear sum of RF SE & EMC RE.

4 References

[1] R4-165467 – On EMC requirements for Rel-14 AAS, Ericsson, RAN4#80.

[2] R4-167946 – On EMC requirements for Rel-14 AAS, Ericsson, RAN4#80-BIS
[3] R4-1610446 – EMC field strength estimation for AAS BS, Ericsson, RAN4#81

[4] 3GPP TS 37.114, Active Antenna System (AAS) Base Station (BS) Electromagnetic Compatibility (EMC) (Release 13)

SE req. applies





SE req. applies





10 MHz





10 MHz





Operating Band








