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Introduction

The Federal Communications Commission (“FCC”) recently issued an NPRM [1] modifying the Band 41 out of band emission (“OOBE”) limits in the first one MHz offset and relaxed the offsets where the UE has to meet the -13 dBm/MHz and the -25 dBm/MHz limits.  This change affects the values contained in the 36.101 NS_04[3] and the CA NS_04 [4] tables which are used to signal to a UE’s that it must comply with the FCC Band 41 OOBE regulations.  
Discussion
Figure 1 show the updated FCC OOBE limits for the BRS band.. 
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2.1 OOBE in the first MHz offset from the carrier

The commission established new rules for the OOBE in the first MHz offset; previously the FCC used a limit of -13 dBm/ RBW where the RBW was set to 1% of the emission bandwidth. Under the revised rules the OOBE is limited to -10 dBm/RBW were the RBW is set to 2% of the emission bandwidth except when the edge of the channel is at 2496 in which case the RBW is set to 1% of the emission bandwidth
Table 1 one compares the current and revised OOBE requirements in the first MHz offset. 

Table 1 : Current and revised OOBE requirements in the first MHz offset.

	Channel Bandwidth
	Current FCC requirements
	Current FCC Requirements dBm/30 KHZ
	New FCC Limit dBm/ RBW
	Current NS_04 requirements dBm/30 KHz
	New FCC Limit dBm/30KHz
	Current NS_01 Value dBm/ 30 KHz

	5
	-13 dBm/50 KHz
	-15.2
	-10/100 KHz
	-15
	-15.2
	-15.0

	10
	-13 dBm/100 KHz
	-18.2
	-10/ 200 KHz
	-18
	-18.2
	-18.0

	15
	-13 dBm/150 KHz
	-20.0
	-10/ 300 KHz
	-20
	-20.0
	-20.0

	20
	-13 dBm/200 KHz
	-21.2
	-10/ 400 KHz
	-21
	-21.2
	-21.0


As can be seen in the chart the current and revised values are very similar and thus there is no need to change the OOBE limits in the first MHz offset. 
Conclusion 1:  No need to revise the OOBE limits for the first MHz. offset in the General E-UTRA emission mask [2], the NS_04 mask [3] and the CA NS_04 emission mask [4]. 
2.2 OOBE Limits from 1 MHz to 5 MHz offset from the carrier

Table 2 below compares the General E-UTRA spectrum emission mask with the revised FCC requirements. The general emission mask [2] aligns well with revised FCC requirements for 1.4, 3 and 5 MHz channel bandwidths.  However there are significant differences in the current and revised OOBE levels specified in the General E-UTRA spectrum emission mask [2] for 10,15 and 20 MHz.. The differences in the first MHz. remain the same, however the introduction of a step to a lower emission based on the measured emission limit creates challenges for the 10, 15 and 20 MHz channel bandwidths. These will need to be addressed using NS_04 and CA_NS_04. 
Table 2: E-UTRAN General Emission Mask comparison
	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
	 -10
	-10
	-10
	-10
	-10
	-10 
	1 MHz

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

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

	( 6-10
	-25
	-25
	-25
	-13
	-13 
	-13 
	1 MHz

	( 10-15
	-25
	-25
	-25
	-25
	-13 
	-13 
	1 MHz

	( 15-20
	-25
	-25
	-25
	
	-25 
	-13 
	1 MHz

	( 20-25
	-25
	-25
	-25
	
	
	-25 
	1 MHz


Conclusion 2:  With the exception of the area highlighted in yellow the current General E-UTRA spectrum emission mask meets the new FCC requirements. 
2.3 OOBE step from -13 dBm to -25 dBm/MHz for 10, 15 and 20 MHz carriers
As mentioned above the frequency offset, from the channel edge, where the step from -13 dBm/MHz to -25 dBm/MHz is based on the measured emission bandwidth or a minimum of 6 MHz. The emission bandwidth is defined as the width of the signal between two points, one below the center frequency and one above the carrier center frequency, outside of which all emissions are attenuated by at least 26 dB below the transmitter power.  
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Table 3 shows the values of X based on type acceptance reports submitted to the FCC
[image: image3.emf]ManuFacturer Date Model FCC ID 10 15 20 10 15 20

Samsung Galaxy S5 3/7/2014SM-G900PA3LSMG900P 9.77 14.53 19.02 9.526 14.37 19.00

Samsung Galaxy S4

9/16/2013SPH-L720T

A3LSPHL720T

9.82 15.48 19.45 9.833 15.99 20.13

HTC One (M8) 2/20/2014OP6B700 NM80P6B700 9.338 13.91 18.47 9.339 13.94 18.5

HTC One max (CDMA) 9/23/2013OP3P510 NM80P3P510 9.368 13.97 18.4 9.393 14.03 18.45

Samsung Galaxy Mega (CDMA) 9/11/2013SPHL600 A3LSPHL600 9.7638 14.34 19.42 9.538 14.32 19.55

LG G Flex (Sprint) 12/16/2013LS995  ZNFLS995 10.34 14.69 20.81 10.17 14.73 19.43

LG Nexus 5 10/31/2013D820 ZNFD820 9.619 13.951 18.729 9.541 14.036 18.529

Maximum Value 10.34 15.48 20.81 10.17 15.99 20.13

Average Value 9.7169714 14.410143 19.185571 9.62 14.488 19.084143

Minimum value 9.338 13.91 18.4 9.339 13.94 18.45

Variance 1.002 1.57 2.41 0.831 2.05 1.68

Band 41 FCC Emission BW - QPSK Band 41 FCC Emission BW - 16 QAM


It is important to note that there are significant variances between manufacturers, channel bandwidths and modulation types. For this reason it is recommended to modify the NS_04 table as follows:
Table 4 shows the most recent version of the NS_04 table
Table 4:  36.101 section 6.6.2.2.2-1: NS_04 Additional requirements 

	
	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
	-13
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.5-2.8
	-25
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.8-5.5
	
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 5.5-6
	
	-25
	-25
	-25
	-25
	-25
	1 MHz

	( 6-10
	
	
	-25
	-25
	-25
	-25
	1 MHz

	( 10-15
	
	
	
	-25
	-25
	-25
	1 MHz

	( 15-20
	
	
	
	
	-25
	-25
	1 MHz

	( 20-25
	
	
	
	
	
	-25
	1 MHz


Note:
As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

Table: 5 Proposed version 1 of NS_04

	
	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 

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

	( 5 - X note1
	-13
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( >X note1
	-25
	-25
	-25
	-25
	-25
	-25
	1 MHz

	Note 1:  Where X is the greater of 6 MHz or the channel bandwidth multiplied by 0.9. 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 by at least 26 dB below the transmitter power.


Proposal 1: Modify the NS_04 table as shown in Table 5 above.
2.4 OOBE for Band 41 Carrier Aggregation
How the FCC will interpret the OOBE rules for closely spaced carriers is open for interpretation. Because the FCC basis the OOBE on the emission bandwidth there could be implementations that are able to base their OOBE limits on a single channel bandwidth and others that the 26 dBc points exists on the outer edges of the closely spaced carriers..  
The more conservative approach, in the first megahertz offset, is to assume the emission bandwidth is approximately the width of the combined carriers.  In that case the OOBE limits in the first MHz offset are shown in table 6
Table: 6 CA OOBE limits in the first MHz offset
	RB 
combination
	Channel BW
	FCC OOBE limit
	Current CA NS_04 Limits

	50RB+100RB
	29.9
	-33.0
	-22.5

	75RB+75RB 
	30
	-33.0
	-22.5

	75RB+100RB
	34.85
	-33.7
	-23.5

	100RB+100RB
	39.8
	-34.2
	-24


Using the same approach as NS_04 the proposed table for CA NS_04 looks like table 7
Table 7: Most recent version of CA NS_04 table

Table 6.6.2.2A-1: Additional requirements 

	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

	( 1-5.5
	-13
	-13
	-13
	-13
	1 MHz

	( 5.5-34.9
	-25
	-25
	-25
	-25
	1 MHz

	( 34.9-35
	
	-25
	-25
	-25
	1 MHz

	( 35-39.85
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	-25
	1 MHz


Table 8:  Proposed version 1 of CA NS_04
	
	Spectrum emission limit dBm/BWChannel_CA

	ΔfOOB
(MHz)
	50RB+100RB

(29.9 MHz)
	75RB+75RB

(30 MHz)
	75RB+100RB

(34.85 MHz)
	100RB+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 - X note1
	-13
	-13
	-13
	-13
	1 MHz

	( >X note1
	-25
	-25
	-25
	-25
	1 MHz

	Note 1:  Where X is the greater of 6 MHz or the actual emission bandwidth.   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 by at least 26 dB below the transmitter power.


Proposal 2:  Adopt Table 8 as version 1 CA NS_04 table. 

2.5 Effect on NS_04 and CA NS_04 AMPR tables. 

This is an area that needs further study and we would invite companies to bring in AMPR simulations. 
Proposal 3:  Study the impact the NS_04 and CA NS_04 AMPR tables and submit  results by RAN4# 72 bis in September 2014. 
2.6 OOBE Protection below the 2490.5 MHz frequency block and from 2490.5 to 2496 MHz frequency block

The new FCC rules impose new restrictions on the out of band emissions in the 2490.5 to 2496 frequency block.  Frequencies below 2490.5 must be protected to a level of -25 dBm/MHz or greater irrespective of the carrier center frequency.  The frequency block from 2490.5 to 2496 is protected to -13 dBm /MHz except when the lower edge of the carrier is between 2496 and 2497.  In the latter case the OOBE in the first MHz is set to -13 dBm/(1% of the channel bandwidth).  Entries in 36.101 Table 6.6.3.2-1 (Spurious emissions) are required to meet this requirement. 

The proposed entries and associated note are shown in Table 9
	E-UTRA  Band
	Spurious emission

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	41
	E-UTRA Band 1, 2, 3, 4, 5, 8, 10, 12, 13 , 14, 17, 23, 24, 25, 26, 27, 28, 29, 34, 39, 40, 42, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band  9, 11, 18, 19, 21
	FDL_low
	-
	FDL_high
	-50
	1
	30

	
	Frequency range
	1839.9
	
	1879.9
	-50
	1
	30

	
	Frequency range
	1884.5
	
	1915.7
	-41
	0.3
	8, 30

	
	Frequency range
	2490.5
	
	2496
	-13
	1 NoteZ
	Z

	
	Frequency range
	100
	
	2490.5
	-25
	1 
	Z

	
	Note Z: Applicable when CA_NS_04 in subclause 6.6.3.2A.1 is signalled by the network or when NS_04 in subclause 6.6.2.2.2 is signalled by the network.  If the lower edge of the carrier is between  2496 and 2497MHz then the resolution bandwidth is set to 1% of the emission bandwidth in the first MHz offset. 


Proposal 4:  Adopt the proposed changes highlighted in Table 9 
3. Conclusion

The new FCC OOBE limits for band 41 have considerable impact on the Band 41 OOBE limits and potentially impact the NS_04 and CA NS_04 AMPR tables.  The proposals/Conclusions contained in the contribution are: 
Conclusion 1:  No need to revise the OOBE limits for the first MHz. offset in the General E-UTRA emission mask [2], the NS_04 mask [3] and the CA NS_04 emission mask [4]. 
Conclusion 2:  With the exception of the 10, 15 and 20 MHz channel bandwidths the current General E-UTRA spectrum emission mask meets the new FCC requirements. 
Proposal 1: Modify the NS_04 table to as shown in Table 2.

	
	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 

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

	( 5 - X note1
	-13
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( >X note1
	-25
	-25
	-25
	-25
	-25
	-25
	1 MHz

	Note 1:  Where X is the greater of 6 MHz or the channel bandwidth multiplied by 0.9. 


Proposal 2:  Adopt Table 8 as version 1 CA NS_04 table. 

	
	Spectrum emission limit dBm/BWChannel_CA

	ΔfOOB
(MHz)
	50RB+100RB

(29.9 MHz)
	75RB+75RB

(30 MHz)
	75RB+100RB

(34.85 MHz)
	100RB+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 - X note1
	-13
	-13
	-13
	-13
	1 MHz

	( >X note1
	-25
	-25
	-25
	-25
	1 MHz

	Note 1:  Where X is the greater of 6 MHz or the actual emission bandwidth.   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 by at least 26 dB below the transmitter power.


Proposal 3:  Study the impact the new OOBE limits have on NS_04 and CA NS_04 AMPR tables and submit results by RAN4# 72 bis (September 2014). 
Proposal 4:  Adopt the proposed changes highlighted in Table 9
	E-UTRA  Band
	Spurious emission

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	41
	E-UTRA Band 1, 2, 3, 4, 5, 8, 10, 12, 13 , 14, 17, 23, 24, 25, 26, 27, 28, 29, 34, 39, 40, 42, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band  9, 11, 18, 19, 21
	FDL_low
	-
	FDL_high
	-50
	1
	30

	
	Frequency range
	1839.9
	
	1879.9
	-50
	1
	30

	
	Frequency range
	1884.5
	
	1915.7
	-41
	0.3
	8, 30

	
	Frequency range
	2490.5
	
	2496
	-13
	1 NoteZ
	Z

	
	Frequency range
	100
	
	2490.5
	-25
	1 
	Z

	
	Note Z: Applicable when CA_NS_04 in subclause 6.6.3.2A.1 is signalled by the network or when NS_04 in subclause 6.6.2.2.2 is signalled by the network.  If the lower edge of the carrier is between  2496 and 2497MHz then the resolution bandwidth is set to 1% of the emission bandwidth in the first MHz offset. 
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