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RAN WG4 thanks CEPT/ECC WG SE for the opportunity to give feedback to the revision of ERC Recommendation 74-01. As a follow-up to previous communication, RAN WG4 would like to provide additional information regarding unwanted emission limits for 5G NR and on the topics of previous LS exchange, including the use of TRP to define emission limits. RAN WG4 also notes the LS from ETSI MSG TFES to ECC PT SE21 [3], which brings up similar issues.
RAN WG4 has reached a conclusion on the limits for unwanted emissions (“spectrum mask”) also for the frequency ranges 24.25 – 33.4 GHz and 37 – 52.6 GHz and would like to provide updates on the earlier LS sent in [1]. The updated emission limits for NR base stations are provided in the attached Annex A. Since the Release 15 core specification work is going to be completed in June, further modifications to the agreed mask limits are unlikely based on the present assumptions for spurious emissions. The agreed mask is band centric, as described in the LS from TFES [3] (item 4). RAN WG4 has left the previously documented limit for spurious emissions with a note that it may be revised for Category B emissions pending further input. RAN WG4 is also awaiting further input on additional spurious emission limits for protection of specific services.
In Annex B, the unwanted emission requirements for UE operating in the bands defined in the frequency range 24.25 – 52.6 GHz – frequency range 2 (FR2) in 3GPP terminology - are also provided [4]. 

In addition, RAN WG4 would like to provide some further clarification on the background given in the LS in [1] for introducing TRP as a measure for unwanted emissions and the applicability for different frequency bands. This is provided in Annex C. 

RAN WG4 would welcome updates from ECC WG SE on the revision of ERC Recommendation 74‑01.
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ANNEX A:
Unwanted emissions in Rel-15 of 3GPP specifications
(Excerpts from TS 38.104 [2], subclauses 9.7.3 to 9.7.5.)
A.1. NR BS and UE Operating Bands

The bands currently specified in Frequency Range 2 (24250 MHz – 52600 MHz) are listed in Table 1. All unwanted emission requirements in FR2 are expressed in terms of TRP.

Table 1: NR operating bands in FR2
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD


A.2. NR BS Operating Band Unwanted Emissions (OBUE) limits
The following is extracted from the latest RAN WG4 endorsed update of TS 38.104 [2] for Base stations operating in Frequency range 2 (24.25 – 52.6 GHz) defined with Over-the-Air requirements, also called BS Type 2-O. 

BS unwanted emissions shall not exceed the maximum levels specified in tables 2 and 3, where.
-
(f is the separation between the contiguous transmission bandwidth edge frequency and the nominal -3dB point of the measuring filter closest to the contiguous transmission bandwidth edge.

-
(f max is the offset to the frequency ΔfOBUE outside the downlink operating band (defined below).
-
Prated,t,TRP is the declared Total Radiated Power of the Base Station.

Table 2: OBUE applicable in the frequency range 24.25 – 33.4 GHz 

	Frequency offset of measurement filter -3B point,  (f 
	Limit
	Measurement bandwidth

	0 MHz ( (f < 0.1*BWcontiguous
	Min(-5 dBm, Max(Prated,t,TRP – 35 dB, -12 dBm))
	1 MHz

	0.1*BWcontiguous ( (f < (fmax
	Min(-13 dBm, Max(Prated,t,TRP – 43 dB, -20 dBm))
	1 MHz


Table 3: OBUE applicable in the frequency range 37 – 52.6 GHz

	Frequency offset of measurement filter -3B point,  (f 
	Limit
	Measurement bandwidth

	0 MHz ( (f < 0.1*BWcontiguous
	Min(-5 dBm, Max(Prated,t,TRP – 33 dB, -12 dBm))
	1 MHz

	0.1*BWcontiguous ( (f < (fmax
	Min(-13 dBm, Max(Prated,t,TRP – 41 dB, -20 dBm))
	1 MHz


The maximum offset of the operating band unwanted emissions mask from the operating band edge is ΔfOBUE. The value of ΔfOBUE is defined in table 4 for BS type 2-O for the NR operating bands.

Table 4: Maximum offset ΔfOBUE outside the downlink operating band

	BS type
	Operating band characteristics
	ΔfOBUE [MHz]

	BS type 2-O
	All FR2 bands
	1500


A.3. NR BS Adjacent channel leakage power ratio (ACLR)
The OTA ACLR limit is specified in table 5 and the OTA ACLR absolute limit is specified in table 6. The OTA ACLR or the absolute ACLR, whichever is less stringent, shall apply.
Table 5: BS type 2-O ACLR limit 

	BS channel bandwidth of lowest/highest NR carrier transmitted

BWChannel [MHz]
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

[dB]



	50, 100, 200, 400
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	NOTE 1:
BWChannel and BWConfig are the BS channel bandwidth and transmission bandwidth configuration of the lowest/highest NR carrier transmitted on the assigned channel frequency.

NOTE 2:
With SCS that provides largest transmission bandwidth configuration (BWConfig).

NOTE 3:
Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz

NOTE 4:
Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz


Table 6: BS type 2-O ACLR absolute limit

	BS class
	ACLR absolute limit

	Wide-area BS
	-13 dBm/MHz

	Medium-range BS
	-20 dBm/MHz

	Local-area BS
	-20 dBm/MHz


A.4. NR BS Spurious emissions

The power of any spurious emission shall not exceed the limits in table 7.
Editor’s note: The spurious emission limits may be updated, pending further input concerning recommended Category B limits.

Table 7: BS radiated Tx spurious emission limits in FR2

	Frequency range
	Limit
	Measurement Bandwidth
	Note

	30 MHz – 1 GHz
	-13 dBm
	100 kHz
	Note 1

	1 GHz – 2nd harmonic of the upper frequency edge of the DL operating band
	
	1 MHz
	Note 1, Note 2

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

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


Editor’s note: Additional spurious emissions requirement for protecting specific services are ffs.

ANNEX B:
UE unwanted emissions in Rel-15 of 3GPP specifications for bands in mmW frequency range
(Excerpts from TS 38.101-2 [4], subclauses 6.5.2 and 6.5.3)
B.1. NR UE spectrum emission mask
Table 8 shows the general emission mask for FR2.

Table 8: General NR spectrum emission mask for frequency range 2.

	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	50

MHz
	100

MHz
	200

MHz
	400

MHz
	Measurement bandwidth

	( 0-5
	-5 
	-5
	-5
	-5
	1 MHz 

	( 5-10
	-13
	-5
	-5
	-5 
	1 MHz

	( 10-20
	-13
	-13
	-5
	-5 
	1 MHz

	( 20-40
	-13
	-13
	-13
	-5
	1 MHz

	( 40-100
	-13
	-13
	-13
	-13
	1 MHz

	( 100-200
	
	-13
	-13 
	-13 
	1 MHz

	( 200-400
	
	
	-13 
	-13 
	1 MHz

	( 400-800
	
	
	
	-13 
	1 MHz


B.2. NR UE Adjacent channel leakage power ratio (ACLR)
Table 9 shows the ACLR requirements for bands defined in FR2.

Table 9: General requirements for NRACLR
	
	Channel bandwidth / NRACLR / Measurement bandwidth

	
	50

MHz
	100

MHz
	200

MHz
	400

MHz

	NRACLR for band n257, n258, n261
	17 dB
	17 dB
	17 dB
	17 dB

	NRACLR for band n260
	16 dB
	16 dB
	16 dB
	16 dB

	NR channel measurement bandwidth
	47.52 MHz
	95.04 MHz
	190.08 MHz
	380.16 MHz

	Adjacent channel centre frequency offset [MHz]
	+50

/

-50
	+100.0

/

-100.0
	+200

/

-200
	+400

/

-400


B.3. NR UE Spurious emissions

Table 10 and Table 11 show the OOB boundary and the general UE spurious emission limits for FR2, respectively.

Table 10: Boundary between NR out of band and spurious emission domain

	Channel bandwidth 
	50

MHz
	100

MHz
	200

MHz
	400

MHz

	OOB boundary FOOB (MHz)
	100
	200
	400
	800


Table 11: Spurious emissions limits 

	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

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

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz
	

	12.75 GHz ≤ f < 2nd harmonic of the upper frequency edge of the UL operating band in GHz
	-13 dBm
	1 MHz
	


ANNEX C:
Further technical feedback in relation to the revision of ERC Recommendation 74-01

The text below is copied from the LS in [1] and further clarification is given with tracked changes.

2. Definitions and reference point (TRP, EIRP, etc.)
OTA requirements have recently been introduced into 3GPP specifications in order to enable massive MIMO transmissions and efficient base station and mobile device implementations by removing the need for test connectors. Massive MIMO in this context is applicable below 6 GHz, where propagation properties allow a high number of independent signal paths, being both LOS and non-LOS. At higher frequencies (in the mm-Wave range) the number of possible paths will be limited and be dominated by the direct (LOS) path.
Prior to introducing OTA requirements, RF requirements were tested using conducted testing. Spurious emissions were measured at the antenna connector output of the transmitter, prior to the antenna. The measured conducted emissions power is an upper bound on the total radiated power of the base station.

Requirements stated as EIRP in regulatory specifications could be related to conducted requirements because with passive antenna systems, the gain is relatively constant and known, and thus EIRP at the boresight, the TRP and the conducted power level are directly related.

In developing OTA requirements, during studies on AAS BS and subsequently New Radio (NR), 3GPP RAN4 investigated the relationship of EIRP and TRP of unwanted emissions to victim systems. It was found that regardless of the radiation pattern of the unwanted emissions, the TRP level correlated well with the degree of degradation to victim systems. This occurs for several reasons. In some cases, although the unwanted emissions may have some spatial distribution, the fact that the spatial pattern of the excitation signal is varied in time causes the mean power radiated in any given direction to vary, with the average relating to the total radiated power level. In addition, for a victim system with multiple geographical receivers, different receivers are subjected to different levels of interference at different points in time. 

Furthermore, for massive MIMO (below 6 GHz) unwanted emissions are not strongly beamformed in space. There are several reasons why some of the emissions may not be strongly beamformed:

· At frequencies near to the wanted signal, when several beams are transmitted, the unwanted emissions are a product of all of the beam directions and become spatially flat (i.e., the spatial pattern is evenly distributed across space) as shown in Figure 3.

· In a non-line of sight / multipath fading scenario, advanced beamforming algorithms optimize the transmissions to the instantaneous channel profile between the BS and the mobile station by adaptively transmitting energy with different intensity and phase in different directions. Although this adaptation maximises received power at the intended receiver, at other points in space the multipath channel profile differs from the one that the transmission has been optimized to, which results in a randomization of the phase from each of the received paths. Thus, other receivers are more likely to receive energy with no gain. Moreover, the unwanted emissions are the product of intermodulation of all of the directions of radiation of the wanted signal and are even further spatially flattened.

· At frequencies further away from the wanted carrier, the antenna response and phase response of filtering differs significant from the wanted carrier, destroying the beamforming effect and the antenna behaves instead similar to the element gain.
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Figure 1: Example of spatial distribution of transmitted energy for the wanted signal to a single user in a multipath environment. The spurious emissions will be the product of an intermodulation between the different beams and will be spatially flat.

Thus, impact to other victims relates to the total power radiated from the base station. If the spurious emissions requirement would be based on EIRP, then only the power in one direction would be captured. It would be possible for a transmitter radiating a large amount of power in all directions to exhibit the same amount of power in the EIRP direction as a system transmitting a low amount of power in all directions as demonstrated in Figure 2. Thus, the EIRP measurement would not properly relate to the total radiated power and to the impact to victim systems.
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Figure 2: Exaggerated example showing dispersed and concentrated spatial radiation of unwanted emissions.

Apart from not properly relating to the impact on victim systems, an EIRP requirement is difficult to define. Thus, RAN4 has adopted TRP as the metric for unwanted emissions, defined as follows:
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where PD(r,,) is the power density in W/m2 at a distance r of two orthogonal polarizations.

It should be noted that the definition of TRP is valid regardless of whether it is evaluated in the antenna near field or far field.
In the current version of the AAS BS (in 3GPP TS 37.105 [1]) and NR BS specification (in 3GPP TS 38.104 [2]), despite the conducted requirement and radiated directional requirements, the following RF requirements are defined based on the TRP metric: 

· OTA BS output power

· OTA Transmitter unwanted emissions

· OTA ACLR

· OTA Operating Band Unwanted Emissions / OTA Spectrum Emissions Mask

· OTA Transmitter spurious emissions

· OTA RX spurious emissions

NOTE: The relation between RF radiated spurious emissions and EMC radiated emissions requirements have been considered in RAN4. EMC radiated emissions are captured in AAS BS and NR BS radiated requirements through the RF radiated spurious emissions requirement, since the two cannot be separated during testing.
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