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1
Introduction
During RAN4#71, the amendment on the Band 41 OOBE in the R&O FCC 14-76 was discussed and in particular how to interpret the offset “X” specified by the FCC at which the transmitted signal power needs to be attenuated by at least 55+10logP [2], [3]. The interpretation of the rules needs considerations for the non-CA case. The complexity increases for the carrier aggregation scenario. In this contribution we discuss a possible resolution for CA.
2
Discussion 
2.1
The OOBE specified in §27.53

The first paragraph of §27.53(m) reads 

(m) For BRS and EBS stations, the power of any emissions outside the licensee's frequency bands of operation shall be attenuated below the transmitter power (P) measured in watts in accordance with the standards below. If a licensee has multiple contiguous channels, out-of-band emissions shall be measured from the upper and lower edges of the contiguous channels
The paragraphs (m)(4) and (m)(6) of §27.53(m) have been modified and now reads:
(4) For mobile digital stations, the attenuation factor shall be not less than 40 + 10 log (P) dB on all frequencies between the channel edge and 5 megahertz from the channel edge, 43 + 10 log (P) dB on all frequencies between 5 megahertz and X megahertz from the channel edge, and 55 + 10 log (P) dB on all frequencies more than X megahertz from the channel edge, where X is the greater of 6 megahertz or the actual emission bandwidth as defined in paragraph (m)(6) of this section. In addition, the attenuation factor shall not be less that 43 + 10 log (P) dB on all frequencies between 2490.5 MHz and 2496 MHz and 55 + 10 log (P) dB at or below 2490.5 MHz. Mobile Satellite Service licensees operating on frequencies below 2495 MHz may also submit a documented interference complaint against BRS licensees operating on channel BRS Channel 1 on the same terms and conditions as adjacent channel BRS or EBS licensees.

 (6) Measurement procedure. Compliance with these rules is based on the use of measurement instrumentation employing a resolution bandwidth of 1 megahertz or greater. However, in the 1 MHz bands immediately outside and adjacent to the frequency block a resolution bandwidth of at least one percent of the emission bandwidth of the fundamental emission of the transmitter may be employed; for mobile digital stations, in the 1 megahertz bands immediately outside and adjacent to the frequency block a resolution bandwidth of at least two percent may be employed, except when the 1 megahertz band is 2495-2496 MHz, in which case a resolution bandwidth of at least one percent may be employed. A narrower resolution bandwidth is permitted in all cases to improve measurement accuracy provided the measured power is integrated over the full required measurement bandwidth (i.e. 1 megahertz or 1 percent of emission bandwidth, as specified; or 1 megahertz or 2 percent for mobile digital stations, except in the band 2495-2496 MHz). The emission bandwidth is defined as the width of the signal between two points, one below the carrier center frequency and one above the carrier center frequency, outside of which all emissions are attenuated at least 26 dB below the transmitter power. With respect to television operations, measurements must be made of the separate visual and aural operating powers at sufficiently frequent intervals to ensure compliance with the rules.

It is clear from (m) and (m)(6) that the OOBE shall be measured from the edge of the contiguous channels of a frequency block of a licensee, but the offset X is defined with respect to the carrier frequency. 
2.2
The offset “X”
The parameter “X” is specified as the maximum between 6MHz and the emission bandwidth, where the emission bandwidth is specified as the 26dB bandwidth. In this section, we discuss the translation of “X” in the 3GPP specifications.
2.2.1 
Single carrier

In [3], it was proposed to consider X as the maximum between 6MHz and the spectrum occupied by the transmission bandwidth configuration, which is less than the 26dB bandwidth. This was also acknowledged during offline discussion [4]. This was proposed by considering the purpose of the revised OOBE. The FCC states in [1] that the amendment is being done to “enable operators to use BRS and EBS spectrum more efficiently and provide higher data rates to consumers”.According to this reasoning, Table 1 contains the specification of “X” in the 3GPP specifications.

Table 1: Frequency offset “X” from the frequency block at which the transmitted power needs to be attenuated by at least 55+10logP

	Channel bandwidth (MHz)
	Spectrum occupied by transmission bandwidth configuration (MHz)
	X (MHz) = max (6, spectrum occupied by transmission bandwidth configuration)

	5
	4.5
	6

	10
	9
	9

	15
	13.5
	13.5

	20
	18
	18


2.2.2
Intra-band CA

For intra-band CA, the specification of “X” is critical not to specify unnecessarily tight requirements. Two possible interpretations of this parameter are
Alternative 1) “X” in the context of CA is understood as the maximum between 6MHz and the spectrum occupied by the aggregated transmission bandwidth configuration. With this interpretation, X would be 27.9 MHz for a 10+20MHz intra-band contiguous CA configuration. 
Alternative 2) “X” is in relation with the edge carriers of the operator licensee. In this case, the SEM would become asymmetric for a CA combination on which the carriers have different bandwidth. For example for a CA configuration of 10+20MHz, the 10MHz and 20MHz SEM would apply below and above the license, respectively.  
The FCC specifies the OOBE requirements in a technology neutral manner. Now, if we consider a new technology being deployed in this spectrum for which the transmission bandwidth is 30MHz single channel, the offset “X” will be the maximum between (6,30). Furthermore, there appears to be no limitation as to the transmissions within the carrier in §27.53(m)(6) whether it is contiguous or non-contiguous, nor is there any definition in FCC Part 1.  Hence, the single 30 MHz carrier may equally well support non-contiguous transmission with X measured with respect to its carrier frequency, supposedly the centre frequency. From an emissions viewpoint, this is similar to aggregation of two component carriers with a channel spacing that may also accommodate a single carrier frequency 
Another uncertainty for LTE is time-varying UL allocation, thus the actual “X” is time dependent. This is applicable both for non-CA and CA. However, it is “allowed” and possible to allocate an UL bandwidth similar to the (aggregated) transmission configuration for almost all transmissions, hence we can interpret “X” as the maximum.

Although not explicitly supported in wording in the amended rules, adopting option 1 appears reasonable. The adoption of alternative 1 is also supported by the following statement in [1]:
23. With respect to the remaining questions raised in the BRS/EBS OOBE FNPRM, the answers to those questions support adopting the rule changes we make today.79 In response to the question of whether the changes would work for channels wider than 20 megahertz, every commenter that addressed the issue supported allowing channels wider than 20 megahertz […]. Moreover, keeping the existing protections to operations below 2496 MHz will eliminate any impact on adjacent channel licensees.

The SEM following alternative 1) will be symmetric in both sides of the allocation, consistent with the 3GPP mask for CA. In order to conform to the 26 dB bandwidth requirement, we consider the aggregated transmission bandwidth configuration, assuming nominal channel spacing (as per minimum requirements in 3GPP). For e.g. 20 + 20 MHz, the aggregated bandwidth transmission bandwidth configuration is 50*180+19.8 MHz(nominal channel spacing)+ 50*180=37.8 MHz
Table 2 includes the interpretation of the frequency offset “X” following alternative 1).
Table 2: Frequency offset “X” from the frequency block at which the transmitted power needs to be attenuated by at least 55+10logP (alternative 1)
	CC1 Channel bandwidth + CC2 Channel bandwidth (MHz)
	Spectrum occupied by aggregated transmission bandwidth configuration (MHz)
	X (MHz) = max (6, spectrum occupied by aggregated transmission bandwidth configuration)

	5+20
	22.95
	22.95

	10+20
	27.9
	27.9

	15+15
	28.5
	28.5

	15+20
	32.85
	34.25

	20+20
	37.8
	37.8


2.3
The SEM associated with NS_04 and CA_NS_04

Table 3 and 4 include the modifications needed in the Additional requirements associated to NS_04 and CA_NS_04. This is under the interpretation of the parameter “X” in chapter  2.2  
Table 3: Modification to the Additional requirements associated with NS_04 in TS 36.101 considering “X” in relation to the transmission bandwidth configuration
	
	Spectrum emission limit (dBm)/ Channel bandwidth 

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18 
	-20 
	-21
	30 kHz 

	( 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-9
	
	
	-25
	-13
	-13
	-13
	1 MHz

	( 9-10
	
	
	-25
	-25
	-13
	-13
	1 MHz

	( 10-13.5
	
	
	
	-25
	-13
	-13
	1 MHz

	( 13.5-15
	
	
	
	-25
	-25
	-13
	1 MHz

	( 15-18
	
	
	
	
	-25
	-13
	1 MHz

	( 18-20
	
	
	
	
	-25
	-25
	1 MHz

	( 20-25
	
	
	
	
	
	-25
	1 MHz


Table 4: Modification to the Additional requirements associated with CA_NS_04 in TS 36.101 considering “X” in relation to the aggregated transmission bandwidth configuration
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	50+100RB 

(29.9 MHz)
	75+75B (30 MHz)
	75+100RB (34.85 MHz)
	100+100RB (39.8 MHz)
	Measurement bandwidth

	( 0-1
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

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

	( 5-27.9
	-13
	-13
	-13
	-13
	1 MHz

	( 27.9-28.5
	-25
	-13
	-13
	-13
	1 MHz

	( 28.5-32.85
	
	-25
	-13
	-13
	1 MHz

	( 32.85-37.8
	
	-25
	-25
	-13
	1 MHz

	
	
	
	
	
	

	( 37.8-42.8
	
	
	
	-25
	1 MHz


Special provisions must be made at the lower edge of Band 41 in order to ensure protection for the services below 2496 MHz. Independent of where the E-UTRA carrier is located within Band 41, -13dBm needs to be ensured below 2496MHz, with a measurement bandwidth of 1% of the emission bandwidth for carriers at the lowest edge or Band 41 or 1MHz otherwise. -25dBm/MHz also needs to be ensured below 2490.5MHz.This will require an A-MPR profile dependent on the carrier position (i.e. frequency dependent).
3
Conclusion
This contribution further analyzes the interpretation of the revised OOBE for Band 41 approved by the FCC and how to reflect this in the SEM associated to NS_04 and CA_NS_04. After examination of the FCC mandate, we conclude that the offset “X” can be specified in relation to the transmission bandwidth configuration for single carrier transmissions. Furthermore, for the CA scenario, on which 2CCs compose the operator block, the offset can be referred to the aggregated transmission bandwidth configuration with nominal spacing.
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