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1 Background 
CEPT/ECC SE21 is presently finalizing a Work Item to update the recommendation on spurious emissions [1]. Several updates were made at the most recent meeting in Munich, Germany [2], where Ericsson, Nokia, Huawei and Qualcomm participated. The outcome of the meeting concerning spurious emissions for mobile services is provided in this document.
2 Outcome for mobile services in ERC Recommendation 74-01 
During SE21 meeting #103, several additional proposals were merged into the Working document for ERC Recommendation 74-01 on Spurious emissions [1]. The outcome of the meeting is shown in the Annex to this document, which is an excerpt of the relevant parts of the draft revised recommendation. Note that it is a working document and is not agreed.
The following elements relevant to RAN4 can be found in the working document:

In Recommends 6:

· Provisions for assessment of Active Antenna Systems through TRP measurements.

In Annex 2, Table A.2.1:

· General limits for terminals and base stations in item 2.1.1. (unchanged)

· Four options for mmWave BS operation:
· Option 1 with limits unchanged but enabling a reduced reference BW (Figure A.2.3/A.2.4).

· Option 2a with limits relaxed to -20 to -25 dBm.

· Option 2b with limits relaxed, combined with an increased measurement bandwidth.

· Option 3 with dual limits: One narrowband and one wideband limit.

· Two options for mmWave UE operation:

· Option 1 with dual limits: One narrowband and one wideband limit.

· Option 2 with a relaxed limit close to -13 dBm.

· Two options for sub-6 GHz BS operation:

· Option 1 introducing a [0 to 9 dB] scaling above 1 GHz only.
· Option 2 introducing a 9 dB scaling.

· A new note 4 with a definition of TRP, applicable to all AAS limits.

In Annex 2, Figure A.2.3/A.2.4:
· Two draft proposals for new reference BW masks applicable to mmWave operation:
· Option 1 applicable to mmWave based on LS input from 3GPP RAN4, where the masks (BS and UE) have two break points.

· Option 2 applicable above 1 GHz, where the mask (band centric for BS) has one break point on could be combined with a general modified limit (Option 2a/2b above).
Note that the “Options” shown in the Annex are not in any way agreed and there is for each case a default “Option 0”, which would give an unchanged recommendation. Options can also be combined in the end, or new options be introduced.
3 Summary

The information above and in the annex should be of interest for the continuing work in RAN WG4.

Next S21 meeting will be on 12-14 December 2014 in London, UK. The work on revising ERC Recommendation 74-01 is planned for completion at that meeting and approval for public consultation at ECC WS SE in January.
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ANNEX: Excerpt from Working document for ERC Recommendation 74-01
The following excerpts are taken from the working document, to be included as Annex 5 in the meeting report [2] from ECC SE21 meeting #103.

recommends 
…
6. 
that the appropriate spurious domain emission limits should be applicable to all services as detailed by Table 2. Unless the Peak Envelope Power (PEP) is explicitly quoted, the spurious domain emission limits specified in this Recommendation from the transmitter into the antenna port or over-the-air are in terms of mean power. The mean power (P) of any spurious domain transmission from a burst transmitter is the mean power averaged over the burst duration.

Note 1: 
In special cases, such as those referred in considering h), tighter limits may be required.

Note 2:
It is recognised that, in principle, in some cases of narrowband and/or high power transmitters for all categories of services, there may be difficulties in meeting limits close to +/- 250% of the necessary bandwidth. These cases are reported in the service specific annexes, referred to in Table 2.

Note 3: 
When a system is coupled to an "Active Antenna System", the limits of Table 2 should be met by the combined system; therefore compliance should be verified through an e.i.r.p. measurement (either near-field or far-field). and subsequent conversion to absolute power/attenuation values delivered to the transmission line, taking into account only the conventional "passive" gain (directivity) of the antenna, or as a TRP measurement (either near-field or far-field) as described in Annex 2.
ANNEX 1: LAND MOBILE SERVICE AND MARITIME MOBILE SERVICE (VHF)

A1.1 Limits

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


	2.1.1
	Terminals and 
Base Stations
(in transmit mode),
except the equipment specified below
	9 kHz ( f ( 1 GHz
	-36 dBm

	
	
	1 GHz < f ( Fupper (see recommend 3)
	-30 dBm

	2.1.2
	- Short range devices;

- RLAN; 

- CB;

- Cordless Telephones;

- Radio Microphones
(all systems in transmit mode)
	
	

	
	
	[Option2

Source - Doc 28:]

f  within the bands : 
87.5(118 MHz, 174(230 MHz, 470(862 MHz, 880–915 MHz (Note X)
	-54 dBm

	
	
	
	

	
	
	Option3b

f  within the bands : 
87.5(118 MHz, 174(230 MHz, 470(694 MHz  (Note Y)
	-54 dBm 

	
	
	
	

	
	
	
	

	
	
	9 kHz ( f  ( 1 GHz 
(except above frequency bands)
	-36 dBm

	
	
	1GHz < f ( Fupper (see recommend 3)
	-30 dBm 

	2.1.3
	Short range inductive devices operating below 30 MHz

(in transmit mode)
	9 kHz ( f ( 10 MHz
	27 dB(A/m 
(at 9 kHz then decaying by 10 dB/decade) (Note 1)

	
	
	10 MHz < f ( 30 MHz (Note 3)
	-3.5 dB(A/m

	
	
	f  within the bands :
87.5(118 MHz], 174(230 MHz, 470(694 MHz, 
	-54 dBm

	
	
	30 MHz < f  ( 1 GHz 
(except above frequency bands)
	-36 dBm

	
	
	1GHz < f ( Fupper (see recommend 3)
	-30 dBm

	2.1.4
	Receivers and idle/standby transmitters
	9 kHz ( f ( 1 GHz
	- 57 dBm

	
	
	1 GHz < f ( Fupper (see recommend 11)
	- 47 dBm

	2.1.5
	Short range inductive receivers and idle/standby transmitters operating below 30 MHz
	9 kHz ≤ f < 4.78 MHz
	5.5 dBµA/m, descending 3 dB/octave

	
	
	4.78 MHz ≤ f < 30 MHz
	-22 dBµA/m 

	
	
	30 MHz ≤ f < 1 GHz
	-57 dBm

	2.1.6
	[mmWave BS Option 1- See also Figure A2.3:]
Base Stations using AAS and beamforming with integrated antennas operating above 10 GHz]
	9 kHz ( f ( 1 GHz
	-36 dBm (Note 4)

	
	
	1 GHz < f ( 10 GHz (see recommend 3)

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

	-30 dBm (Note 4)

-30 dBm (Note 4)



	2.1.6


	[mmWave BS Option 2a]

Base Stations using AAS and beamforming with integrated antennas [operating above 10 GHz]

	9 kHz ( f ( 1 GHz
	-36 dBm

	
	
	1 GHz < f ( 10 GHz
	-30 dBm

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


	‑20…‑25 dBm (Note 4)

	2.1.6


	[mmWave BS Option 2b]

Base Stations using AAS and beamforming with integrated antennas [operating above 10 GHz

	9 kHz ( f ( 1 GHz
	-36 dBm

	
	
	1 GHz < f ( 10 GHz
	-30 dBm

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


	TBC [‑10…‑15 dBm] / 10 MHz  (Note 4)

	2.1.6


	[mmWave BS Option 3]]

Base Stations using AAS and beamforming with integrated antennas 

[operating above 10 GHz

	9 kHz ( f ( 1 GHz
	-36 dBm

	
	
	1 GHz < f ( 10 GHz
	-30 dBm

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


	Combination of narrow band limit (x dBm/Mhz) and wide band limit (Y dBm/ > 10 MHz)

	2.1.8


	[mmWave UE Option 1]]- PREFERED
Terminals using AAS and beamforming with integrated antennas 


	9 kHz ( f ( 1 GHz
	-36 dBm

	
	
	1 GHz < f ( 10 GHz
	-30 dBm

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


	Combination of narrow band limit (-13 dBm/Mhz) and wide band limit (Y dBm/ > 10 MHz)

	[2.1.8


	[mmWave UE Option 2]]

Terminals using AAS and beamforming with integrated antennas 


	9 kHz ( f ( 1 GHz
	-36 dBm

	
	
	1 GHz < f ( 10 GHz
	-30 dBm

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


	[-13 dBm] – delta (which needs to be consistent with RR Appendix 3)]


	2.1.7
	[BS  AAS< 10 GHz Option 1]

Base Stations using AAS and beamforming with integrated antennas operating below 10 GHz 
	9 kHz ( f ( 1 GHz
	-36 dBm 

	
	
	1 GHz < f ( Fupper (see recommend 3)


	[-21 to -30] dBm (Note 4)



	2.1.7
	[BS AAS< 10 GHz- Option 2]

Base Stations using AAS and beamforming with integrated antennas operating below 10 GHz 
	9 kHz ( f ( 1 GHz
	[-27] dBm (Note 4)

	
	
	1 GHz < f ( Fupper (see recommend 3)


	[-21] dBm (Note 4)




Notes : 

for systems that use digital modulation and narrow-band high power ((1 Watt) analogue modulated systems, the reference bandwidth is specified in section 2 of this annex, while for any other analogue modulation the reference bandwidth specified in recommend 4 is applicable. 
Note X: WB SRD operating in 915-921 MHz: -54 dBm/100 kHz in the frequency range 880-915 MHz

Note Y: additional spurious emission requirements may apply to certain equipment for protection of applications in other frequency bands [(see CEPT report 59?)]

Note 3: 
Levels are H-field limit at 10 m distance, measured by shielded loop antenna as specified by CISPR.
Note 4: For Terminals and Base Stations using AAS and beamforming with integrated antennas the metric for unwanted emission is defined as Total Radiated Power (TRP):
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where PD(r,,) is the power density in W/m2 at a distance r of two orthogonal polarizations. 

Over-the-air spatial parameters are specified in a Cartesian coordinate system (x, y, z) using spherical coordinates (r,,). is the angle in the x/y plane and it is between the x-axis and the projection of the vector onto the x/y plane and is defined between -180° and +180°.  is the angle between the projection of the vector in the x/y plane and the vector and is defined between -90° and +90.
The TRP measurement procedure for emissions in the spurious domain with large frequency separation are slightly different from that of wanted signal and unwanted emissions closer to the wanted signal.

For wanted signal, if the directivity is known, it is enough to measure the peak EIRP and adjust it with the directivity to obtain TRP. Care must be taken for using this method for unwanted emissions since the directivity can be different from the wanted signal directivity, in particular at large frequency separations. If directivity is not known but it can be verified that the emission is from the antenna array, TRP can be obtained by measuring EIRP in the cardinal cuts and use pattern multiplication to extrapolate the EIRP values in other directions. Pattern multiplication exploits the fact that the array factor of a rectangular array can be separable in two factors along the two symmetry planes. If none of the above options are applicable, the final option is to measure the EIRP on a full-sphere grid with the reference angular step. The measured values can then be integrated to obtain the TRP. All the above options are accurate methods for TRP assessment provided that the mentioned pre-conditions are fulfilled. 

For spurious emissions at larger frequency separation, it is important to first identify the frequencies with notable emissions for further measurement. This is achieved through pre-scan which can be performed on a very sparse grid. If no notable emission is identified at a certain frequency during the pre-scan, no further investigation is needed for that frequency. For frequencies which are identified for further measurement, a number of orthogonal cuts (two or three) or a sparse spherical grid can be used. These methods are based on the assumption that spurious emissions at larger frequency separation are not fully correlated and are less directive. For spurious emissions, an upper bound assessment for TRP is enough to ensure the compliance and the exact TRP value is of less importance. Therefore, a systematic correction factor is added to the estimated TRP value in order to ensure an overestimate with a certain confidence. The systematic correction factor is dependent on the chosen grid type and angular step. Orthogonal cuts measurements should be measured with the reference angular steps. The sparse full sphere measurement can be performed on angular steps larger than the reference step and smaller than 15 degrees. Larger angular step results in a shorter measurement time while it imposes a larger systematic correction
A1.2 Application of reference bandwidths to digitally modulated and narrow-band high power analogue modulated systems

Narrow-band analogue modulated systems, with output power higher than 1 Watt and operated above 30 MHz, and digitally modulated systems although generally providing good spectrum efficiency, are unable to comply with the above limits for nearby the centre frequencies due to the wideband noise generated by such systems. It is therefore necessary to provide specific steps of reference bandwidth in order to produce suitable transition area for the spectral density.

The specific reference bandwidth mask is shown in Figure A2.1 for frequencies below 1 GHz and in Figure A2.2 for frequencies above 1 GHz, with frequency limits which are a function of the channel separation or the necessary bandwidth (NB).
As an alternative for mobile services operating in a band assigned for MFCN in particular for large bandwidths and defined with specific frequency arrangements and technical conditions (the “operating band”), the transition points in the reference bandwidth masks below can be set relative to the operating band edges instead of relative to the centre frequency of emission, In this case, the offsets should consider spectrum management aspects and allow for reasonable transmitter implementation, accounting for the largest necessary bandwidth possible in the operating band.
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Figure A2.1: Specific mask for spurious domain emissions for mobile services operating between 30 MHz - 1 GHz (see Table A2.2)

Table A2.2: Frequency references for Figure A2.1
	Parameter
	Value

	Fa*
	100 kHz or 4 times NB, whichever is the greater 

	Fb*
	  500 kHz or 10 times NB, whichever is the greater 


(*): The frequency limits are defined from the centre frequency of the emission. For measurement purposes, the reference bandwidths given in Table A2.2 apply to the frequency range extending from the 250% CS point to the first frequency limit indicated, or from Fa to Fb as appropriate.
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Figure A2.2: Specific mask for spurious domain emissions for mobile services operating above 1 GHz (see Table A2.3)

Table A2.3: Frequency references for Figure A2.2

	Parameter
	Value

	Fa*
	500 kHz or 10 times NB, whichever is the greater 

	Fb*
	1 MHz or 12 times NB, whichever is the greater 


(*): The frequency limits are defined from the centre frequency of the emission. For measurement purposes, the reference bandwidths given in Table A2.3 apply to the frequency range extending from the 250% CS point to the first frequency limit indicated, or from Fa to Fb as appropriate.
Editors note: proposal prior to WGSE sept. 2018 from 3GPP RAN4 LS
Editors note: This is linked to Option1 for 2.1.6 in table Table A2.1
Editors note: Additionally there is the possible inclusion of an upper frequency limit where the resolution bandwidth increased to the recommended reference bandwidth.
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Figure A2.3: Specific mask for spurious domain emissions for mobile services using AAS and beamforming with integrated antennas and operating above 12.75 GHz (see Table A2.4)

Table A2.4: Frequency references for Figure A2.3

	Parameter
	Value

	Fa*
	500 kHz or 10 times NB, whichever is the greater 

	Fb*
	1 MHz or 12 times NB, whichever is the greater 


(*): The frequency limits are defined from the centre frequency of the emission. For measurement purposes, the reference bandwidths given in Table A2.3 apply to the frequency range extending from the 250% CS point to the first frequency limit indicated, or from Fa to Fb as appropriate.
Editors note: proposal after  WGSE sept. 2018 from 3GPP RAN4 LS
Option 1
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Figure A2.3: Specific mask for spurious domain emissions for mobile service Base Stations operating above 12.5 GHz (see Table A2.4)
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Figure A2.4: Specific mask for spurious domain emissions for mobile service UEs operating above 
12.5 GHz (see Table A2.4)
Table A2.4: Frequency references for Figure A2.3

	Parameter
	Value

	X
	1.5 GHz 

	Y
	10 GHz 


Option 2
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Figure A2.3: Specific mask for spurious domain emissions for mobile services operating above 1 GHz (see Table A2.4)

Table A2.4: Frequency references for Figure A2.3

	Parameter
	Value

	X
	1.5 GHz 


A1.3 Boundary between the out-of-band and spurious domains for multicarrier transmitters

A multicarrier transmitter is intended to operate only within a single contiguous allocation to a service and application.

For base and mobile stations in the mobile service with multicarrier transmitters, the transmitter bandwidth is used instead of the necessary bandwidth for determining the boundary between the out-of-band and spurious domains. In the context of multicarrier base and mobile stations in the mobile service, the transmitter bandwidth is defined as the width of the frequency band covering the envelope of the transmitted carriers, which is just sufficient to ensure the transmission of information at the rate and with the quality required under specified conditions for all transmitted carriers.

For wide-band transmitters, Note 2 of recommends 1 identifies that Recommendation ITU-R SM.1539 [2] and Appendix 3 of the ITU Radio Regulations [3] give further guidance on the boundary between the out-of-band and spurious domains. However, for multicarrier base and mobile stations in the mobile service, operating up to 6 GHz, using the definitions of BU and BN in Annex 1 of Recommendation ITU-R SM.1539
, the upper threshold value for applying the 250% boundary definition should be BU = 10 MHz and the necessary bandwidth BN should be the transmitter bandwidth.

� In the case of multicarrier PMR transmitters further studies are needed. For the time being the above provisions may apply for these transmitters only on a case-by-case basis.


� Definition of BU from Recommendation ITU-R SM.1539: BU is the upper threshold value for BN (necessary bandwidth) above which the frequency separation between the centre frequency and the spurious boundary equals 1.5 * BN + BU.





�Ref BW are in accordance with table XX, unless specified otherwise


�See doc SE21(18)113


�See doc 109 rev1 for explenations


�The proposal in Figure A2.3 of the draft updated recommendation had three intermediate steps at 30, 100 and 300 kHz measurement BW. Two steps as shown in Figure A2.3 above seems to be sufficient.


The present OBUE mask in 3GPP NR specifications [2] has an OBUE mask that sets the first transition point X = 1.5 GHz. This offset would remain at 1.5 GHz with the new proposal.


There is no conclusion of where a second transition point (Y in Figure 1) would be placed. It is noted however that the present offsets in the recommendation are defined out to 10-12 times the necessary bandwidth and that offsets should “allow for reasonable transmitter implementation, accounting for the largest necessary bandwidth possible in the operating band”. Since aggregated carrier bandwidth could exceed 1 GHz, it is reasonable that the second transition point (Y) could be several multiples beyond X, possibly above 10 GHz.





One aspect of Option 1 (applicable to both BS and UE) is that a narrower reference bandwidth when applied also as a resolution bandwidth for measurements will give excessive and probably unpractical testing time over the large frequency ranges in question. In this context, RAN WG4 notes that the draft recommendation (Recommends 4, Note 5) describes how efficiency can be improved by using a different resolution bandwidth for measurements.


�


“Option 1” proposal for mm-Wave UE operation 


Option 1 presents a possibility to use same limit for power but different reference bandwidth. The proposed value is still 12 dB tighter than the existing spurious emissions specification in 38.101-2. To match the existing 3GPP specification, a limit of -30 dBm / 20 kHz would be required. However, from UE perspective even in this case meeting the requirement for LO leakage would be problematic since the actual bandwidth of the CW signal is very narrow and with high PSD. It is also worth noticing that LO leakage is power independent, so it cannot be reduced by decreasing UE transmit power (other spurious emission which are power dependent (e.g. image) can be reduced through power reduction). As a consequence, there would be need of exceptions even for the case of 30 kHz. 





�“Option 2” proposal for mm-Wave BS operation


The second option is to allow for a general modified limit to be [-20…-25] dBm. This is clearly a feasible solution and easily implemented in 3GPP specifications. It would however still need be combined with a OBUE mask that extends out to X = 1.5 GHz from the operating band as shown above.
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