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1. Introduction

It has been recently communicated [1],[2] that the out-of-band emission requirements for the Band 41 UE will be revised by the FCC for operation in the United States.  However, there are uncertainties which remain to be resolved in order to properly account for these new requirements in the 3GPP specifications.  The impact to the 3GPP specifications will likely be that NS_04 and CA_NS_04 requirements will be adjusted and A-MPR tables will be revised.  

2. Discussion

Emission requirement

The pertinent rules for UE emissions in this band from section 27.53 of the CFR are copied below for convenience.

(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.

Requirements in the first 1 MHz

In the first 1 MHz immediately outside and adjacent to the Band 41 channel, it is proposed in [1] that the existing general SEM mask is sufficient.  This claim is based on an assessment using a measurement bandwidth of 2% of the emission bandwidth.  As was pointed out in [2], there is some ambiguity in the definition of "emission bandwidth".  We note that in this case of emissions in the first 1MHz, Sprint has interpreted the emission bandwidth to be the same as the channel bandwidth.  We agree with this interpretation.  In the case that the band to be protected is 2495 - 2496 MHz; that is, the Band 41 channel is located at the lowermost portion of the band, the FCC rules stipulate that a 1% measurement bandwidth be used.  This range and measurement bandwidth can also be accommodated by the existing general spectrum emission mask since the measurement bandwidth as specified in Table 6.6.2.1.1-1 in the first 1 MHz is 30 kHz.  Thus, we agree with "Conclusion 1" in [1] that emissions in the first 1 MHz adjacent to the channel is met by the general spectrum emission mask.
Requirements from 1 to 5 MHz

In the frequency range from 1 MHz to 5 MHz away from the channel edge, the FCC requirement is equivalent to -10 dBm/MHz.  This is also met for 5, 10, 15, and 20 MHz channel bandwidths -- the only bandwidths defined for Band 41 -- in the general spectrum emission mask table.  
Requirements beyond 5 MHz

Requirements beyond 5 MHz are -13 dBm/MHz and -25 dBm/MHz.  The transition from -13 dBm/MHz to -25 dBm/MHz is subject to interpretation since it is defined by the FCC rules as the larger of 6 MHz and X MHz offset from the channel edge.  "X" is the emission bandwidth of the signal, which is defined as the bandwidth outside of which all transmissions are attenuated by at least 26 dB below the transmitter power.  In [1], the interpretation of emission bandwidth is based on measured device performance when transmitting fully allocated waveforms.  The conclusion is that 90% of the channel bandwidth is smaller than the emission bandwidth of all measured devices, so by setting the transition point at 0.9*channel bandwidth, the FCC requirement is met.  On the other hand, [2] calls into question whether the emission bandwidth should be interpreted as the actual transmitted bandwidth including the possibility that the transmission is narrowband if only a small number of RB's is scheduled.  Such an interpretation would imply that the requirement is dependent on the actual transmitted waveform which is not likely the intention.  Such an interpretation would then also apply to the measurement bandwidth, specified as 1% of emission bandwidth, in the requirements in the first 1 MHz.  In that case, it has been understood in the past where similar conditions are specified that the emission bandwidth is the same as the channel bandwidth, for purposes of test specification.  As another argument, the definition of emission bandwidth provided by the FCC indicates that it is the frequency separation between two points, one below the carrier center frequency and one above the carrier center frequency, where all emissions outside the two points are attenuated by at least 26 dB.  This definition would not support an RB transmission that does not include the DC carrier since such a transmission would not have one point below and one point above the carrier center frequency.  Thus, we believe that the only reasonable interpretation is that the emission bandwidth for determining the offset to which emission requirements apply is representative of a fully allocated transmission.  It is reasoned in [2] that the emission bandwidth should be interpreted as the transmission bandwidth configuration, which is equivalent to 90% channel bandwidth as suggested in [1] for the bandwidths of interest.
Another related point of ambiguity is where the offset is specified relative to.  We have reasoned above that the offset should be defined as max(6 MHz, 90% channel bandwidth), but it may be questioned to what reference is the offset defined against.  Should the offset be defined against the channel edge or the emission edge?  In this case, we believe the proper interpretation is that the offset should be defined against the channel edge.  This is how the 3GPP spectrum emission masks are defined, including those masks such as NS_06 defined to comply with FCC regulations.  

Following this interpretation, we mark up the general spectrum emission mask as needed to create a new emission mask for Band 41 under NS_04.  Note that the only change necessary is adjusting the fOOB boundaries to represent 90% channel bandwidth, rather than channel bandwidth itself for the transition from -13 dBm/MHz to -25 dBm/MHz.  If the interpretation had been that emission bandwidth is the same as channel bandwidth (which in our opinion was the original intent), then no modification at all would be necessary and UE's today could operate without the need for any change simply by having the Band 41 basestation signal NS_01 instead of NS_04.

Table 1.  New NS_04 emission limits
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

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

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

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

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

	( 5-6
	-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


Requirements for protection of below the band

In addition to the spectrum emission mask as described above, there is a requirement to protect services below the band.  Specifically, there is a requirement to limit emissions to -13 dBm/MHz from 2490.5 MHz to 2496 MHz and to -25 dBm/MHz at or below 2490.5 MHz.  This requirement is in addition to the SEM requirements discussed above.  This requirement can be captured in the "Additional spurious emissions" sub-clause 6.6.3.3 in 36.101; however, the numbering within this sub-clause would be unfortunate as the existing numbering accommodates NS_05 to NS_24, without a convenient means to add a new clause for NS_04. 
Table 6.6.3.3.x-1: Additional requirements 

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	 5, 10, 15, 20 MHz
	

	2490.5 ≤ f < 2496
	-13
	1 MHz

	0 < f < 2490.5
	-25
	1 MHz


A similar requirement would be added to sub-clause 6.6.3.3A for carrier aggregation and CA_NS_04.

Requirements for carrier aggregation

The FCC limits apply regardless of whether the transmission is single carrier or if it is multi-carrier.  In Band 41, contiguous carrier aggregation with up to two component carriers (intra-band carrier aggregation class C) has been defined.  Thus, the value of "X" for the emission limit requires further scrutiny.  Since there are two uplink carriers, the transmissions from the UE can be discontiguous.  Thus, two possible interpretations are possible where the first is that each contiguous transmission should be treated independently and the second is that the combined transmission is treated singly.  Since this is a single UE transmission through a single PA, the most reasonable interpretation in our opinion is that the disjoint transmission across two component carriers is regarded as a single transmission.  In fact, this interpretation is also well-supported by the definition of emission bandwidth provided by the FCC.  The emission bandwidth as defined by the FCC is the bandwidth between two points where all transmissions outside of these points is attenuated by at least 26 dB.  Therefore, the extent of these two points and therefore the emission bandwidth must by definition include all intended transmissions.  In other words, the emission bandwidth should be interpreted as the aggregated channel bandwidth.  
However, another complication arises.  The aggregated channel bandwidth has so far been considered only in the case of nominal carrier spacing.  However, as agreed in [3], there is interest in deploying intra-band contiguous CA in Band 41 with minimum channel spacing, where minimal channel spacing is defined is 300 kHz separation between edge RB's from each component carrier.  Since the minimum channel spacing configuration results in a tighter requirement, we propose that for CA_NS_04, the requirements are defined with minimum channel spacing.  If the operator deploys with nominal channel spacing instead, the requirements will be inherently met; however, the A-MPR may be larger than necessary by a small margin.  With this interpretation, we derive the CA_NS_04 emission limits as shown in Table 2.
The new bandwidth combination of 25RB+100RB has also been included in this table.

Table 2.  New CA_NS_04  limits

	
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	25RB+100RB

(24.95 MHz)
	50RB+100RB

(29.3 MHz)
	75RB+75RB (28.8 MHz)
	75RB+100RB

(33.95 MHz)
	100RB+100RB

(38.3 MHz)
	Measurement bandwidth

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

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

	( 5-23
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 23-27.3
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 27.3-29.8
	-25
	-25
	-25
	-13
	-13
	1 MHz

	( 29.8-32
	
	-25
	-25
	-13
	-13
	1 MHz

	( 32-34.3
	
	-25
	-25
	-25
	-13
	1 MHz

	( 34.3-36.3
	
	
	
	-25
	-13
	1 MHz

	( 36.3-38.8
	
	
	
	-25
	-25
	1 MHz

	( 38.8-43.3
	
	
	
	
	-25
	1 MHz


A-MPR simulations

A-MPR simulation results were not available at the time of writing.

Legacy devices

There has also been recent discussion on the impact to legacy devices when NS values are modified.  In this case, the NS value is already defined and already applicable to all bandwidths defined for the band, so there is no concern regarding a legacy UE receiving an unknown NS value.  However, there is a potential concern that the legacy UE is not aware of the redefinition of emission requirements and A-MPR associated with the NS.  One solution would be to define a new NS value for these new requirements.  The disadvantage to that solution is that legacy UE's would not comprehend the new NS and it has been proposed that in such a case, the UE should considered itself cell barred.  However, recognizing that the changes to the NS reflect a relaxation of emission requirements, then there is no danger that the legacy UE by not being aware of the change will violate emission requirements.  In fact, since the change is to relax the requirement, the danger is only that the legacy UE will comply with the legacy A-MPR table and reduce its transmit power more than necessary to meet an emission limit that it no longer is required to fufill.  We therefore conclude that for Band 41, it is recommended that the existing NS_04 and CA_NS_04, their limits and A-MPR tables, be redefined rather than to define new NS values.

3. Conclusion
In this contribution, the new FCC requirements for out-of-band emissions for a Band 41 UE have been evaluated.  The required changes to the NS_04 and CA_NS_04 emission masks have been proposed.

Proposal 1:  For single carrier in Band 41, we propose to agree to capture the new FCC requirements as modifications to the existing NS_04 as provided in Table 1 of this contribution.  We further propose thata  new table be created for additional spurious emission requirements.

Proposal 2:  For contiguous intra-band CA in Band 41, we propose to capture the new FCC requirements as modifications to the existing CA_NS_04 tables as provided in Table 2 of this contribution.  We propose that new tables be created for additional spurious emissions requirements.  
Proposal 3:  A-MPR simulations shall be provided by companies based on this formulation of the requirements.
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