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1. Introduction

In a companion paper [3], the FCC Report and Order was evaluated for implications to UE specifications.  In this paper, the need for A-MPR in the UE to comply spurious emission requirements is studied.  For the purposes of this study, the latest rules from the FCC are applied while it is understood that they are subject to change pending outcome of petitions for reconsideration.  To enable harmonization of the spectrum in the US with 3.5 GHz band utilization in Region 1 and Region 3, specific filtering for the US frequencies is not assumed.  In that sense, the A-MPR described in this contribution applies regardless of whether Band 42 and Band 43 are reused and enhanced to support the US spectrum, or whether a new band for the US is defined.  Moreover, it was found that band filtering will not remove the need of A-MPR to meet channel-based SEM requirements.
2. Discussion

In a review [3] of the technical rules given in the FCC’s Report and Order with respect to an “End User Device” (analogous to a UE), it was identified that a new spectrum emission mask and additional spurious emission requirements would need to be added in 3GPP specifications.  In order to be able to comply with these emission requirements, the UE would need to be allowed A-MPR.  We conduct a simulation and measurement study to determine the A-MPR required.
2.1. Emission requirements

The emission requirements are summarized below in Figure 1, extracted from Figure 2, page 60 of the FCC’s R&O [2].
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Figure 1.  Emission requirements taken from FCC R&O in [2].
These emission requirements are partitioned into a spectrum emission mask defined as relative to a channel or contiguously aggregated set of channels, and an additional spurious emission requirement at fixed frequencies below 3530 MHz and above 3720 MHz.

The SEM requirement can be expressed as follows when taking into consideration the requirement of -13 dBm/MHz from 0-10 MHz offset to the channel edge, -25 dBm beyond 10 MHz offset to the channel edge, and the measurement procedure defined within the first MHz offset to the channel edge.  We recognize that spurious emission requirements beyond the out-of-band emission domain boundary are required to be less than -30 dBm/MHz according to existing 3GPP specifications in alignment with ITU specifications.  This is tighter than the FCC requirement.
Table 1.  SEM requirement to comply with FCC emission limits and measurement procedure

	
	Spectrum emission limit (dBm)/ Channel bandwidth 

	ΔfOOB
(MHz)
	5
MHz
	10
MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-13
	-13
	-13
	-13
	Note 1 

	( 1-10
	-13
	-13
	-13
	-13
	1 MHz

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

	( 15-20
	
	
	-25
	-25
	1 MHz

	( 20-25
	
	
	
	-25
	1 MHz

	Note 1: The measurement bandwidth is 1% of the applicable E-UTRA channel bandwidth.


The additional spurious emission requirement of -40 dBm/MHz below 3530 MHz and above 3720 MHz can be captured as follows.
Table 2.  Additional spurious emission requirement to comply with FCC emission limits

	Frequency band

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

	
	5, 10, 15, 20 MHz
	

	0 f 3530
	-40
	1 MHz

	3720 f 5th harmonic of the upper frequency edge of the UL operating band
	
	


2.2. Study assumptions

We analyze the A-MPR required assuming that these SEM and additional spurious emission requirements will be conditioned on NS signaling.  To conduct the analysis, the following parameters and assumptions were used

1. A 3.5 GHz PA was modeled/measured.  This PA is capable of supporting the entire range 3400 – 3800 MHz.
2. No filter attenuation is assumed since a multi-layer ceramic filter used in 3.5 GHz applications will not be able to provide any attenuation at the offsets required here.  It is assumed that to enable harmonization and to minimize fragmentation of the 3.5 GHz ecosystem, a common RF front-end will be used for all 3.5 GHz TDD bands worldwide.  In any event, it will be shown below that even if a filter were to be assumed, it would not help in meeting the SEM requirement.
3. -25 dBm/MHz LO and IQ image rejection
4. -60 dB counter-IM3 rejection
These assumptions and the analysis results below are equally valid whether Band 42 and Band 43 are reused, or whether a new band specific to 3550 – 3700 MHz is defined.

2.3. Study results

An evaluation of A-MPR required to meet the additional spurious emission requirement of -40 dBm/MHz at 20 MHz offset from the band edge was first conducted.  It was found from measurements of a 3.5 GHz PA that located at the edge of the band, no A-MPR is required for 10 MHz channels, but up to 3 dB A-MPR is required for 20 MHz channels.  Spectral regrowth from large allocations and 5th order IMD products from smaller allocations were responsible for the emissions infraction.  Since the spurious emission requirement only applies above and below the band, the A-MPR described here is only required for channels located at the band edge.
	Channel BW (MHz)
	Fc (MHz)
	Waveform (L_CRB)
	Emissions No A-MPR (dBm/MHz)
	Failing reason
	A-MPR to meet -40 dBm/MHz (dB)

	10
	3555
	50
	-44.3
	
	0

	
	
	1
	-
	
	0

	
	3695
	50
	-43.9
	
	0

	
	
	1
	-
	
	0

	20
	3560
	100
	-32.5
	Regrowth
	3

	
	
	1
	-39
	IMD5
	0.5

	
	3690
	100
	-31.8
	Regrowth
	3

	
	
	1
	-37.4
	IMD5
	1.1


Secondly, an evaluation of A-MPR to meet additional spectrum emission requirements was conducted by simulation and confirmed by measurements.  Since SEM requirements are defined relative to channel boundaries, the A-MPR needed to meet the emission mask is required of all channels throughout the band, rather than limited to only band edge channels.  Equally important, since the SEM requirements must be met within the band, an RF filter is not able to provide any relief.  Before presenting the simulation results, we first observe the similarity in SEM requirements proposed for this band compared to those defined by NS_06 for US 700 MHz bands where no A-MPR is allowed.  However, NS_06 is only defined for bandwidths up to 10 MHz.  Therefore, it can be anticipated that A-MPR for up to 10 MHz channels in this 3.5 GHz band would similarly not require A-MPR assuming that the PA models at 3.5 GHz do not deviate signficantly compared to those at 700 MHz when constrained by ACLR and other general requirements.  
Simulation results confirm these expectations.  For 10 MHz channels, no A-MPR was needed to meet the SEM requirement.  However, since the SEM requirement for US 3.5 GHz does not scale with bandwidth, it was found that there is a need for A-MPR with larger bandwidths.  Specifically, the results shown in Figure 2 below show that up to 3 dB of A-MPR is needed to meet SEM.  The allocations needing the largest A-MPR are small allocations located at the edge of the channel due to IMD products exceeding the -25 dBm/MHz limit at 10 MHz offset from the channel edge.  We note that this could have been avoided if the SEM mask were to scale with bandwidth such that the -25 dBm/MHz boundary is located at an offset equal to the channel bandwidth.  Unfortunately with the existing SEM limit for channels larger than 10 MHz, the required backoff can have a significant impact to reliability of PUCCH channels, thereby suggesting that over-provisioning of the PUCCH resource may be needed.
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Figure 2.  Simulation results for 20 MHz channel to meet SEM
3. Conclusion
In this contribution, the FCC rules for emission requirements from End User Devices operating in the US 3.5 GHz band have been distilled into additional spurious emission and spectrum emission mask requirements.  It is anticipated that these new requirements can either be added for applicability to Band 42 and Band 43 under a new NS or included as part of a new band definition.  In either case, it has been demonstrated that for channels wider than 10 MHz, A-MPR will be required to meet the emission requirements.  Preliminary simulations and measurements indicate that the needed A-MPR for 20 MHz channels is up to approximately 3 dB.  Since the backoff is required both to meet the additional out-of-band emission requirements as well as the in-band channel SEM requirements, an A-MPR of approximately 3 dB is needed regardless of whether a US-specific band filter is utilized.  We note that these conclusions are subject to change and A-MPR reduced or eliminated in the event that the FCC revises the rules to relax the emission requirements.
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