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Background 
Unwanted emission limits for Base Stations (as well as UEs) depend heavily on regulation. Present NR BS limits are defined with an Operating Band Unwanted Emission requirement covering the operating band, including the Out-of-band domain and a small part of the spurious domain outside of the operating band. This contribution looks at how an OBUE requirement could be developed for the 7-24 GHz range.
Discussion
NR BS OBUE limits in FR1 and FR2
The unwanted emission limits for NR BS follow the same principles as was used for LTE BS, and to some extent also UTMS BS. These are shown in Figure 1. Instead of just defining a spectrum mask for the out-of-band domain close to the transmitter BS carrier, an Operating Band Unwanted Emissions (OBUE) mask is defined across the operating band, extending also outside the band. Close to the RF carrier, the OBUE mask has limits that drops in several step down to a “baseline” level that extends out to an offset ΔfOBUE outside the edges of the operating band.
The OBUE limits will in general cover both the out-of-band domain and parts of the spurious domain of unwanted emissions, as defined by the ITU-R [1]. The OBUE limits close to the transmitted carrier are in general within the Out-of-band domain. These limits are based on RAN4 considerations including implementation aspects and to some extent also regulation. The steps in the mask are mostly between “flat” limits, but “sloped” limits are also used in some cases. 


[bookmark: _Ref14354257]Figure 1: Principle for OBUE limits used for NR BS.

The “extended” part of the mask will to a large extent be within the spurious domain and must therefore align with regulation for spurious emissions. For Category A limits, there is no concept defined in regulation that supports having different limits in the OBUE range than in the rest of the spurious domain, so the limits are the same as the spurious emission limits defined outside the OBUE range.
For Category B limits, the recent version of European regulation [2] explicitly allows for a reduced reference bandwidth within a frequency range set relative to the operating band edges (instead of relative to the centre frequency of emission). This in 3GPP implemented through the OBUE, with the reduced measurement bandwidth translated into an adjusted emission limit. For operation above 24.25 GHz, the regulation in [2] defines an explicit OBUE mask with limits set in three steps, which has been implemented in NR BS specs for FR2.
Note that additional limits may apply regionally in the OBUE frequency range to protect other services.
In FR1, the OBUE limits for NR BS [4] are implemented in different freqeuncy ranges as outlined in Table 1. The offset ΔfOBUE for the OBUE limits is 10 or 40 MHz depending on BS type and the width of the downlink operating band. The higher number is used for BS defined with OTA or Hybrid limits in bands 100 MHz or wider, and for BS with conducted limits in bands 200 MHz or wider. The shape of the mask is very similar to the LTE masks. A tighter Option 2 mask for Category B is defined for some bands, based on specific European regulation.
In FR2, OBUE limits for NR BS [4] are defined for a limited number of bands up to 40 GHz as outlined in Table 2. They all have an offset ΔfOBUE of 1500 MHz. The OBUE mask shape is based on the IMT characteristics submitted to the ITU-R during the initial work on NR [3]. While this is basically unchanged for Category B in the 3GPP specs, the Category B mask has an additional step defined and a limit based on the new regulation for operation above 24.25 GHz in [2].
While the limits follow the same principle, there are both similarities and differences:
· Both in FR1 and FR2, there is a 3GPP specified NR specific mask defined in the out-of-band domain close to the transmitter carrier(s). This part of the mask is fixed in FR1 independent of bandwidth (out to 10 MHz), while it scales with the transmitted bandwidth (BWcontiguous) in FR2.
· Both in FR1 and FR2, the OBUE limit outside the NR specific part mentioned above, are based on international regulation for spurious emissions (Category A and Category B) taken from [1] and [2].
· In FR1, the offset ΔfOBUE outside the band edges is quite small (10-40 MHz), originally based on the 5 MHz channel bandwidth of UTRA and later also applied for LTE, plus some considerations of implementation for AAS BS (BS type 1H and BS type 1-O).
· In FR2, the offset ΔfOBUE outside the band edges is much larger (10 -40 MHz), considering the much higher maximum channel bandwidth of NR and the more difficult implementation aspects in mm-Wave freqeuncy ranges.
[bookmark: _Ref14359406]Table 1: OBUE limits for NR in FR1 (0.41 to 7.125 GHz) [4]
	Frequency range for OBUE limits
	Steps in OBUE mask

	ΔfOBUE = 10 or 40 MHz:
	[bookmark: OLE_LINK95][bookmark: OLE_LINK96]BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	[bookmark: _Hlk502677945]BS type 1-H
BS type 1-O
	[bookmark: OLE_LINK66][bookmark: OLE_LINK69][bookmark: OLE_LINK21]FDL,high – FDL,low < 100 MHz  
	[bookmark: OLE_LINK64][bookmark: OLE_LINK65]10

	
	100 MHz  FDL,high – FDL,low  900 MHz
	40

	BS type 1-C
	[bookmark: OLE_LINK27][bookmark: OLE_LINK28]FDL,high – FDL,low  200 MHz
	10

	
	[bookmark: OLE_LINK25]200 MHz < FDL,high – FDL,low  900 MHz
	40



	Category A, Category B (Option1):
5, 10 MHz, then extends out to ΔfOBUE from band edges


	
	Category B (Option 2):
0.2, 1, 10 MHz, then extends out to ΔfOBUE from band edges



[bookmark: _Ref14360291]Table 2: OBUE limits for NR in FR2 (24.25 to 52.6 GHz) [4]
	Range of OBUE limits
	Steps in OBUE mask

	ΔfOBUE = 1500 MHz:
(for a limited number of bands up to 40 GHz)
	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	BS type 2-O
	FDL,high – FDL,low 
 3250 MHz  
	1500



	Category A:
0.1*BWcontiguous, extends out to ΔfOBUE from band edges

	
	Category B:
0.1*BWcontiguous, 2*BWcontiguous, extends out to ΔfOBUE from band edges


 
Observation:	The main difference between OBUE in FR1 and FR2 is the much higher ΔfOBUE in FR2, which takes both the higher NR channel bandwidths and the implementation aspects at higher frequencies into account.
In the 7-24 GHz range, there will also be a need for higher ΔfOBUE values than in FR1. The specific ΔfOBUE value will vary for different example frequencies and depend mainly on width of the downlink operating band and the relation to the fundamental frequency. Example filter characteristics are shown in [5]. Further investigations on suitable offsets to reach Category B limits will be needed. 
Proposal 1:	The unwanted emissions mask should use the same OBUE principle as used in FR1 and FR2. Higher ΔfOBUE, than in FR1 needs to be considered and should be further studied in relation to possible implementations at example frequencies.
The shape of the OBUE mask in the out-of-band domain (close to the carrier) will also need consideration. Since there is presently no explicit regulation of mobile services in the bands, the starting point should be the existing mask shapes used in FR1 and FR2.
Proposal 2:	Consideration of the OBUE mask shape should be made, using the masks in FR1 and FR2 as starting point.

Summary and proposal
The following was observed:
Observation:	The main difference between OBUE in FR1 and FR2 is the much higher ΔfOBUE in FR2, which takes both the higher NR channel bandwidths and the implementation aspects at higher frequencies into account.
For further studies and work, the following is proposed as starting point:
Proposal 1:	The unwanted emissions mask should use the same OBUE principle as used in FR1 and FR2. Higher ΔfOBUE, than in FR1 needs to be considered and should be further studied in relation to possible implementations at example frequencies.
[bookmark: _GoBack]Proposal 2:	Consideration of the OBUE mask shape should be made, using the masks in FR1 and FR2 as starting point.
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