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Summary

This contribution provides Band 41 OOBE modification proposal based on the new FCC rules on Band 41.
1
Introduction

FCC [1] modified its rules on the emission limits for the broadband mobile devices operating in the 2496-2690 MHz radio frequency band, which affect Band 41 OOBE in 3GPP TS 36.101 [2]. Two companies submitted their views on this issue to the last RAN4 meeting [3,4]. In this contribution, we provide our interpretation of the new FCC rules, and proposals on the modification of Band 41 OOBE.
2
Discussion
Generally the new FCC rules relax the emission limits in some frequency ranges. For the emission limits and the measurement procedure, the new rules are as following.

… 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 + 10log (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 § 27.53(m)(6). 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 …
… 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 …
…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…

The attenuation value for the 0-1 MHz adjacent to the channel was changed from 43+10log(P) to 40+10log(P), but measurement bandwidth was increased from 1% of the emission bandwidth to 2%. So, the requirement for the 0-1 MHz adjacent to the channel is kind of staying the same. For the 0-1 MHz at frequency range of 2495-2496 MHz, the new requirement is exactly the same as the old one, which is 43+10log(P) attenuation with measurement bandwidth of 1% of the emission bandwidth.
The attenuation value for the 1-5 MHz adjacent to the channel was relaxed by 3 dB.
The attenuation value for the 5-5.5 MHz adjacent to the channel was not changed.

The attenuation value for the 5.5-X MHz adjacent to the channel was relaxed by 12 dB, which X is the greater of 6 MHz or the actual emission bandwidth.

The attenuation value for X MHz away from the channel edge was not changed.

For the frequency range of 2490.5-2496 MHz and the frequency of below 2490.5 MHz, the requirements were not changed.

In the revised FCC rules, 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. From [3], we can see that the measured emission bandwidths are between 0.9x(nominal channel bandwidth) and (nominal channel bandwidth). Since LTE is an OFDM system, the allocated number of RB can be from 1 to full allocation, and RB allocations can be contiguous and non-contiguous. When it is not full allocation, the RB(s) are not necessarily located in the center of the channel, instead they can start at any location. So, for simplicity, we would suggest treating emission bandwidth as the nominal channel bandwidth in the spec, e.g. for 20MHz channel, the emission bandwidth being 20MHz.
We will compare the new FCC rules with the existing relevant requirements in 36.101, and identify which requirements need to be modified.

The following table shows the general E-UTRA spectrum emission mask, which is Table 6.6.2.1.1-1 in TS 36.101. By comparing this table with the revised FCC rules, it is noted that the revised FCC rules can meet the general E-UTRA spectrum emission requirements.
Table 1: General E-UTRA spectrum emission mask (Table 6.6.2.1.1-1 in 36.101) 

	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

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

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

	( 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	( 20-25
	
	
	
	
	
	-25 
	1 MHz


The following table shows the general E-UTRA CA spectrum emission mask for bandwidth Class C, which is Table 6.6.2.1A-1 in TS 36.101. By comparing this table with the revised FCC rules, it is noted that the revised FCC rules can meet the general E-UTRA CA spectrum emission requirements for bandwidth Class C.
Table 2: General E-UTRA CA spectrum emission mask for Bandwidth Class C (Table 6.6.2.1A-1 in TS 36.101)
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	25RB+100RB

(24.95MHz)
	50RB+100RB

(29.9 MHz)
	75RB+75RB (30 MHz)
	75RB+100RB

(34.85 MHz)
	100RB+100RB

(39.8 MHz)
	Measurement bandwidth

	( 0-1
	-22
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

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

	( 5-24.95
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 24.95-29.9
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 29.9-29.95
	-25
	-25
	-13
	-13
	-13
	1 MHz

	( 29.95-30
	
	-25
	-13
	-13
	-13
	1 MHz

	( 30-34.85
	
	-25
	-25
	-13
	-13
	1 MHz

	( 34.85-34.9
	
	-25
	-25
	-25
	-13
	1 MHz

	( 34.9-35
	
	
	-25
	-25
	-13
	1 MHz

	( 35-39.8
	
	
	
	-25
	-13
	1 MHz

	( 39.8-39.85
	
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	
	-25
	1 MHz


The following Table 3 shows the additional requirements for NS_04, which is Table 6.6.2.2.2-1 in TS 36.101. By comparing this table with the revised FCC rules, we would suggest revising the NS_04 additional requirements as shown in Table 4. By comparing Table 4 with Table 1 (General E-UTRA spectrum emission mask, Table 6.6.2.1.1-1 in 36.101), we can see that the revised NS_04 is the same as the general E-UTRA spectrum emission mask for bandwidths of 1.4/5/10/15/20MHz, and the revised NS_04 is more relax than the general E-UTRA spectrum emission mask for the bandwidth of 3 MHz. So, NS_04 can be removed from TS 36.101.
Table 3: Additional requirements (NS_04) (Table 6.6.2.2.2-1 in TS 36.101)
	
	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


Table 4: Additional requirements (NS_04) (Table 6.6.2.2.2-1 in TS 36.101)
	
	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
	
	-13
	-13
	-13
	-13
	-13
	1 MHz

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

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

	( 15-20
	
	
	
	
	-25
	-13
	1 MHz

	( 20-25
	
	
	
	
	
	-25
	1 MHz


The current additional requirement for CA_NS-04 is shown in the following table. It is noted bandwidth combination of 25RB+100RB was added to Band 41 CA. By comparing this table with the revised FCC rules, we would suggest revising the CA_NS_04 additional requirements, as shown in Table 6. By comparing Table 6 (revised additional requirements for CA_NS_04) with Table 2 (General E-UTRA CA spectrum emission mask for Bandwidth Class C, Table 6.6.2.1A-1 in TS 36.101), it is noted that they are exactly the same. So, we would suggest removing CA_NS_04 from TS 36.101.

Table 5: Additional requirements (CA_NS_04) (Table 6.6.2.2A-1 in TS 36.101)
	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 6: Additional requirements (CA_NS_04) (Table 6.6.2.2A-1 in TS 36.101)
	
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	25RB+100RB

(24.95MHz)
	50+100RB 

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

	( 0-1
	-22
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

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

	( 5-24.95
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 24.95-29.9
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 29.9-29.95
	-25
	-25
	-13
	-13
	-13
	1 MHz

	( 29.95-30
	
	-25
	-13
	-13
	-13
	1 MHz

	( 30-34.85
	
	-25
	-25
	-13
	-13
	1 MHz

	( 34.85-34.9
	
	-25
	-25
	-25
	-13
	1 MHz

	( 34.9-35
	
	
	-25
	-25
	-13
	1 MHz

	( 35-39.8
	
	
	
	-25
	-13
	1 MHz

	( 39.8-39.85
	
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	
	-25
	1 MHz


For the frequency range below 2496 MHz, we would suggest adding the requirements to Band 41 in the following table.
Table 7: Requirements (part of Table 6.6.3.2-1 in TS 36.101)
	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
	xx

	
	Frequency range
	2471
	-
	2490.5
	-25
	1
	

	
	Note xx: For the frequency range between 2495 and 2496MHz, the resolution bandwidth is set to 1% of the emission bandwidth.


For the frequency range below 2496 MHz, similarly we would suggest adding the requirements to CA_41C in the following table.

Table 8: Requirements (part of Table 6.6.3.2A-1 in TS 36.101)
	E-UTRA  CA Configuration
	Spurious emission

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

	CA_41C
	E-UTRA Band 1, 2, 3, 4, 5, 8, 10, 12, 13 , 14, 17, 23, 24, 25, 26, 27, 28, 29, 30, 34, 39, 40, 42, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	2490.5
	-
	2496
	-13
	1
	xx

	
	Frequency range
	2451
	-
	2490.5
	-25
	1
	

	
	Note xx: For the frequency range between 2495 and 2496MHz, the resolution bandwidth is set to 1% of the emission bandwidth.


3
Conclusions and proposals
Based on the above discussions, we come up with the following conclusions and proposals.

Conclusion 1: The revised FCC rules comply with the general E-UTRA spectrum emission requirements (Table 6.6.2.1.1-1 in 36.101)

Conclusion 2: The revised FCC rules comply with the general E-UTRA CA spectrum emission requirements for bandwidth class C (Table 6.6.2.1A-1 in TS 36.101).
Conclusion 3: The NS_04 additional requirements need to be revised, which are shown in Table 4. Since the revised NS_04 is the same as the general E-UTRA spectrum emission mask for bandwidths of 1.4/5/10/15/20MHz, and the revised NS_04 is more relax than the general E-UTRA spectrum emission mask for the bandwidth of 3 MHz. NS_04 can be removed from TS 36.101.
Conclusion 4: The CA_NS_04 additional requirements need to be revised, which are shown in Table 6. Since Table 6 is exactly the same as Table 6.6.2.1A-1 in TS 36.101 (General E-UTRA CA spectrum emission mask for Bandwidth Class C). CA_NS_04 can be removed.
Conclusion 5: Spurious emission band UE co-existence requirement for Band 41 is modified, which is shown in Table 7.
Conclusion 6: Spurious emission band UE co-existence requirement for CA_41C is modified, which is shown in Table 8.
Proposal 1: NS_04 can be removed from TS 36.101.

Proposal 2: CA_NS_04 can be removed from TS 36.101.
Proposal 3: Spurious emission band UE co-existence requirement for Band 41 is modified, which is shown in Table 7.
Proposal 4: Spurious emission band UE co-existence requirement for CA_41C is modified, which is shown in Table 8.
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