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1 Introduction
ERC recommendation 74-01 [4] specified the limits of unwanted emissions in the spurious domain and is used as a generic guide when drafting new and revising ETSI standards. Previous versions of the recommendation have not included guidance for AAS (LTE/5g). 
It is in the process of being updated to include mm wave and generally TRP limits for AAS BS and terminals. 

The spurious emissions limits in recommendation ERC 74-01 are considered and used for all compatibility studies in spurious domain and are used to  define regulatory block edge mask requirements for a number of band by CEPT and ECC including ECC PT1[2], [3]
RAN4 in the last meeting replied to an LS from ECC PT1 on the subject of category B spurious emissions limits [1].

The current proposed TRP spurious emissions limits for AAS BS in Table A2.1 (Annex 2) of the draft updated ERC 74-01 [4] document does not distinguish between Sub-6GHz bands and mmWaves. 

Moreover these proposed limits and related measurement bandwidths for sub-6GHz bands (option 1 and options 2 for 9 kHz ( f ( 1 GHz and 1 GHz < f ( 12.75 GHz) are equal to the limits and measurement bandwidths applicable per antenna port for non-AAS BS in current active version of ERC7401. 

The proposed TRP spurious emissions limits for AAS BS operating in Sub-6GHz bands in draft updated ERC 74-01 seem 9dB stricter than the related minimum requirements defined in 3GPP for AAS BS (LTE and NR) operating below 6GHz. This paper highlights the consequences of the current proposals and how they differ from the 3GPP specifications.

2 Discussion

2.1 Emissions limits in TS 38.104 and TS 37.105

For FR2 NR the current 3GPP requirements have no scaling on the spurious emissions, this differs from FR1 where for BS type 1-O a scaling factor of 8 (9dB) is applied to all absolute emissions requirements.

The reason for the scaling in OTA AAS systems is well known within RAN4 and is based on the equivalence between a multi-TRX MIMO non-AAS system and a multi-TRX MIMO AAS system.

1 OTA AAS BS = 8 non-AAS TRX/antenna connectors/antennas

To specify an FR1 AAS BS without scaling the emissions makes the AAS requirements unnecessarily strict compared to the non-AAS conducted limits. This scaling factor is indeed not a relaxation of spurious requirements as measured per antenna connector for non-AAS BS but rather a factor to ensure equivalence between AAS BS (using TRP limits) and non-AAS BS of equivalent functionality (using conducted limits measured per antenna connector).
For the mm wave system there are no legacy non-AAS systems and there are no conducted requirements, the decision made to have no scaling in mm wave systems was hence different to the decision taken for FR1. This paper discusses primarily FR1 systems.

In TS 38.104 the spurious emissions are defined as follows:

9.7.5.2.2
General OTA transmitter spurious emissions requirements

The Tx spurious emissions requirements for BS type 1-O are that for each applicable basic limit in subclause 6.6.5.2.1, the TRP of any spurious emission shall not exceed an OTA limit specified as the basic limit + X, where X = 9 dB, unless stated differently in regional regulation.

And in TS 37.105

9.7.6.2.1.1
Minimum requirement (Category A)

The TRP of any spurious emission shall not exceed the limits in table 9.7.6.2.1.1-1

Table 9.7.6.2.1.1-1: AAS BS OTA Spurious emission limits, Category A

	Frequency range
	Maximum level
	Measurement Bandwidth
	NOTE

	30MHz ‑ 1GHz
	-13 + X dBm

NOTE 4,
	100 kHz
	NOTE 1

	1GHz ‑ 12.75 GHz
	
	1 MHz
	NOTE 2

	12.75 GHz – 5th harmonic of the upper frequency edge of the DL operating band in GHz
	
	1 MHz


	NOTE 2, NOTE 3

	NOTE 1:
Bandwidth as in ITU-R SM.329 [14] , s4.1

NOTE 2:
Bandwidth as in ITU-R SM.329 [14] , s4.1. Upper frequency as in ITU-R SM.329 [14] , s2.5 table 1

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

NOTE 4:
X = 9 dB for E-UTRA, X = 6 dB for UTRA. With the exception of operation in Region 2 where the FCC guidance for MIMO systems in [18] is applicable and any other territories where regulation requires, X=0dB. 


9.7.6.4.1.2
Minimum Requirement (Category B)

The TRP of any spurious emission shall not exceed the limits in table 9.7.6.4.1.2-1

Table 9.7.6.4.1.2-1: AAS BS OTA Spurious emissions limits, Category B

	Frequency range
	Maximum Level
	Measurement Bandwidth
	Notes

	30 MHz ( 1 GHz
	-27 dBm


	100 kHz
	NOTE 1

	1 GHz ( 12.75 GHz
	-21 dBm


	1 MHz
	NOTE 2

	12.75 GHz ( 5th harmonic of the upper frequency edge of the DL operating band in GHz
	-21 dBm


	1 MHz
	NOTE 2, NOTE 3

	NOTE 1:
Bandwidth as in ITU-R SM.329 [14] , s4.1

NOTE 2:
Bandwidth as in ITU-R SM.329 [14] , s4.1. Upper frequency as in ITU-R SM.329 [14] , s2.5 table 1 

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


In both cases there are exceptions allowed where regional regulation differs from the specification (37.105 does not include this exception for CAT B as there was no known regulation or potential regulation which would require such an exception at the time of drafting).

However in both specifications it is clear that specification includes the scaling.

The LS provided by RAN4 to ECC PT 1 [1] separated the replies for FR2 (mm wave) BS and for FR1 (sub 6GHz), in the response to the sub-6GHz range RAN4 pointed out that the present version of 74-01 does not differentiate between frequency ranges and that the 3GPP NR requirements do not only cover FR2 but also FR1 and a reference is given to the CAT B FR1 requirements in TS 38.104.

Whilst all the information is correct it perhaps does not clearly state what RAN4’s position on sub 6GHz spurious emissions is as the reply requires the reader to read through TS 38.104 to extract the relevant information.

2.2 SE 21, ERC recommendation 74-01

The current working document on the updates to 74-01 [5] does not include this differentiation between the frequency bands and treats FR1 and FR2 5G and AAS BS in the same way.

There was a web meeting of SE21 on 5G spurious emission limits (WI SE21_20) on 24/9/18 where this issue was discussed. The proposal discussed at that meeting [5] has the following addition in order to add 5G to the recommendation.
Table A2.1: Spurious domain emission limits for the land mobile service and maritime mobile service (VHF)

	Reference number
	Type of equipment
	Frequency of the spurious domain emission f
	Limits: mean power or, when applicable, average power during bursts duration in the reference bandwidth

	2.1.6
	[Option 1- See also Figure A2.3:]
Terminals and Base Stations using AAS and beamforming with integrated antennas
	9 kHz ( f ( 1 GHz
	-36 dBm (Note 4)

	
	
	1 GHz < f ( 12.75 GHz (see recommend 3)
12.75 GHz ( Fupper (see recommend 3)
For broadband spuriosu emissions

	-30 dBm (Note 4)

-30 dBm (Note 4)



	2.1.6


	[Option 2]

Terminals and Base Stations using AAS and beamforming with integrated antennas


	9 kHz ( f ( 1 GHz
	-36 dBm

	
	
	1 GHz < f ( 12.75 GHz
	-30 dBm

	
	
	12.75 GHz ( Fupper (see recommend 3)
For broadband spuriosu emissions


	‑20…‑25 dBm (Note 4)


The additional category in table A2.1 is in line with the 3GPP approach for FR2 (mm wave), which was communicated in the LS however it does not differentiate between FR1 and FR2 so applies the same limits to sub-6GHz AAS systems. This is effectively 9dB tougher requirement than in TS 38.104 for NR and TS 37.105 for E-UTRA.
Huawei has made a proposal to SE21 [6] that table A2.1 should have separate rows for mm wave and sub 6 GHz systems, with the limits for the sub 6GHz systems to be compatible with those specified by RAN4 in TS 38.104 and TS 37.105.

Table A2.1: Spurious domain emission limits for the land mobile service and maritime mobile service (VHF)

	Reference number
	Type of equipment
	Frequency of the spurious domain emission f
	Limits: mean power or, when applicable, average power during bursts duration in the reference bandwidth

	2.1.6
	[Option 1- See also Figure A2.3:]

Terminals and Base Stations using AAS and beamforming with integrated antennas operating above 12.75 GHz
	9 kHz ( f ( 1 GHz
	-36 dBm (Note 4)

	
	
	1 GHz < f ( 12.75 GHz (see recommend 3)

12.75 GHz ( Fupper (see recommend 3)

For broadband spuriosu emissions

	-30 dBm (Note 4)

-30 dBm (Note 4)



	2.1.6


	[Option 2]

Terminals and Base Stations using AAS and beamforming with integrated antennas operating above 12.75 GHz

	9 kHz ( f ( 1 GHz
	-36 dBm

	
	
	1 GHz < f ( 12.75 GHz
	-30 dBm

	
	
	12.75 GHz ( Fupper (see recommend 3)

For broadband spurious emissions 


	‑20…‑25 dBm (Note 4)

	2.1.7
	Terminals and Base Stations using AAS and beamforming with integrated antennas operating below 6GHz 
	9 kHz ( f ( 1 GHz
	[-27] dBm (Note 4)

	
	
	1 GHz < f ( 12.75 GHz (see recommend 3)

12.75 GHz ( Fupper (see recommend 3)


	[-21] dBm (Note 4)

[-21 dBm (Note 4)




In [6] we tried to make it clear that the requirements in TS 38.104 and TS 37.105 do not represent a relaxation but are a capped scaling, and a stricter limit should not be applied to AAS than to non-AAS which are currently deployed and operating without causing any interference in Europe (and elsewhere).
2.3 ECC Regulatory framework: ECC decision (06)01(2100MHz) and ECC decision (05)05 (2600MHz), ECC decision 06(13) (1800MHz) and ECC decision 11(06) (3.4-3.8GHz)
In ECC PT1 the OTA BEM requirements for the 2.1GHz  [2] ,the 2.6GHz [3], 1.8GHz and 3.4-3.8GHz bands are being revised to ensure suitability to 5G and AAS. The studies are following on interference between these 3GPP bands and adjacent services e.g. space services,  radars, DECT etc.

The issue of scaling is also being discussed and the interference characteristics of the AAS vs. the non-AS systems are being presented. Whilst BEM mask are not exactly the same issue as spurious emissions the masks do merge with the spurious emissions limit so there is some interrelations between the two. The BEM masks are therefore also reliant on the SE recommendations of 74-01.
Currently, 2 way MIMO BS’s are widely deployed in Europe and 4 way MIMO BS are common in bands where RRUs are widely deployed. These systems have been designed and deployed assuming conducted spurious emissions limit corresponding to ERC7401 limit applied per antenna port. The aggregate spurious emission for the non-AAS MIMO system are obviously higher compared to spurious emissions from a non-AAS BS with a single antenna.

Initial/recent AAS compatibility studies discussed in ECC PT1 (using single UE assumption, correlated AAS emissions, fixed victim at 0° azimuth I,..e worst case) have shown that emissions from non-AAS BS using the 3GPP spurious limits (scaling cap of 8 or 9dB) are equivalent to or less than the emissions of a 4 antenna non-AAS system to 95% probability [6].
Therefore, it is important that the regulator understand better the rationale behind the way 3GPP RAN4 defined AAS OTA absolute requirements with the current scaling factor. This is critical to ensure the regulatory bodies such as SE21 and ECC PT1 define limits that ensure protection of adjacent services while avoiding unnecessary over protection. Too restrictive TRP spurious emissions limits for AAS BS below 6GHz might lead to delays of imminent deployment of AAS NR and/or AAS LTE BSs in Europe (e.g. 3.4-3.8GHz, 2.6GHz, 2.1GHz, 1.8GHz) which are designed based on 3GPP specifications.
3 Summary

This document attempts to summarize the current status of the updates to the ERC recommendation 74-01 and highlights how it differs from the spurious emissions requirements in 3GPP documents TS 38.104 and TS 37.105.
In addition it shows the Huawei proposal to SE21 to specify mm wave and sub-6GHz systems separately and to apply the scaling limits specified by 3GPP to the sub-6GHz category.
Given that there is such a big difference in RAN4 requirements and SE21 requirements, it is imperative that RAN4 sends an LS to ECC PT1 (and SE21 if possible) to clearly describe the way and reasons why 9dB scaling is needed and should not be considered relaxation.

Proposal 1: send an LS to ECC PT1 (and SE21 if possible).
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