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1. Introduction

Band n41 is the NR band analogous to LTE Band 41.  Similar to Band 41, FCC rules impose additional emission requirements when operating in this band and signaled by NS_04.  This contribution studies the A-MPR required to meet these emissions for single carrier NR operation in Band n41.
2. Discussion

2.1. Channel bandwidths

The following bandwidths and SCS have been proposed for Band n41.
	NR band / SCS / Channel bandwidth

	NR Band
	SCS

kHz
	5 MHz
	102,3  MHz
	153 MHz
	203 MHz
	253 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	
	Yes
	
	Yes


2.2. Emission requirements

The emission requirements have been described in [1] and are copied here for convenience.
Table 2: NR transmission bandwidths
	SCS [kHz]
	Channel bandwidths [MHz]

	
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	15
	4.5
	9.36
	14.22
	19.08
	23.94
	38.88
	48.6
	N.A
	N.A
	N.A

	30
	3.96
	8.64
	13.68
	18.36
	23.40
	38.16
	47.88
	58.32
	78.12
	98.28

	60
	N.A
	7.92
	12.96
	17.28
	22.32
	36.72
	46.8
	56.88
	77.04
	97.20


	Table 3: n41 SEM
ΔfOOB
MHz
	5 
MHz
	10 
MHz
	15 
MHz
	20 
MHz
	25 
MHz
	40 
MHz
	50 
MHz
	60 
MHz
	80 
MHz
	100 
MHz
	Measurement
bandwidth

	± 0 – 1
	-15
	-18
	-20
	-21
	-22
	-24
	-24
	-24
	-24
	-24
	30 kHz

	± 1 – 5
	-10
	1 MHz

	± 5 – 6
	-13
	-10
	

	± 6 – X
	-13
	

	± X - (BWChannel + 5 MHz)
	-25
	

	Note 1: X is defined in Table 2


The relevant FCC rules from CFR 27.53 are listed below
(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.
As characterized in [1], the FCC rules use the emission bandwidth, denoted by “X” and defined as the bandwidth bounded by -26 dBc emissions level, as a reference for defining the boundary where the SEM transitions from -13 dBm/MHz to -25 dBm/MHz.  3GPP has interpreted the emission bandwidth as the occupied bandwidth, i.e., 90% of channel bandwidth for LTE or SU bandwidth for NR.  Furthermore, the FCC rules also references emission bandwidth to define the resolution bandwidth within the 0 to 1 MHz region of the SEM.  The characterization of these FCC rules in [1] does reference the SU bandwidth as the boundary for transitioning from -13 dBm/MHz to -25 dBm/MHz; however, it does so only for the CP-OFDM waveform.  The SC-FDMA waveform, because its SU must be a factor of only 2, 3, and 5, has a smaller SU bandwidth.  Therefore, applying the same X as CP-OFDM may not strictly adhere to FCC rules since the -25 dBm/MHz boundary for a smaller X would result in a narrower (hence, tighter) SEM profile.  One approach could be to define separate SEM values for CP-OFDM and SC-FDMA, but this would be cumbersome to two different SEM masks in the same band.  Another approach is to apply the tighter mask obtained from SC-FDMA to both waveforms, but this may lead to higher A-MPR that necessary for CP-OFDM.
The emission bandwidth also plays a role in the emissions requirement within the first MHz adjacent to the channel according to FCC rules.  The resolution bandwidth and measurement bandwidth for the 0 to 1 MHz SEM region is allowed to be 2% of the emission bandwidth, except for the range 2495 – 2496 MHz where it must be 1% of emission bandwidth.  The application of the 1% or 2% FCC rule usually results in a tighter requirement than the general SEM based on ITU recommendations.  However, since the FCC rules are mandatory for operation in the US, they are the basis for the NS_04 and CA_NS_04 specified for LTE Band 41.  In [1], it is proposed to maintain the same SEM in the first MHz as the general NR mask.  However, for the reasons described above, this proposal introduces a risk that the device will fail regulatory approval.
In addition to the SEM, NS_04 and CA_NS_04 also include a spurious emission requirement below the band.  This requirement is -13 dBm/MHz from 2490.5 MHz to 2496 MHz and -25 dBm/MHz from 0 Hz to 2490.5 MHz.  This additional spurious emission requirement implies a higher A-MPR backoff requirement for channels placed in the lower frequency ranges of Band 41.
2.3. A-MPR table format

It is assumed that A-MPR will be defined such that it is additive to MPR.  MPR for NR was recently agreed in [2].  However, the format of the A-MPR table is still undecided.  One approach is to define regions of the A-MPR table separate to the regions already defined for the MPR table.  This approach, followed by LTE, allows for optimization of the A-MPR table by careful observation of the distribution of values within the A-MPR “triangle”.  However, the end result is often a very complicated table where the A-MPR is still not highly optimized since the number of regions should not be too large and the simulation results from multiple companies do not always align to the same region definitions.  The other approach is to reuse the same regions as already defined for MPR.  This second approach has merit since the NS_04 emission requirements are similar to general requirements in format (slightly different SEM) except for low channels where they are bound by the additional spurious emissions.
2.4. A-MPR simulation results

A-MPR simulation results are presented below.  For these simulations, a single PA was calibrated according to MPR of 1 dB for fully allocated, SC-FDMA QPSK waveform.  LO and IQ image were added at -28 dBc, though they are not expected to impact these results since the emission limits are relatively high.  Only QPSK modulation has so far been simulated across all bandwidths and SCS, for both CP-OFDM and SC-FDMA.  Further simulations will be necessary to confirm and slight adjustment may be needed, but it is likely that a single value can be specified for A-MPR that is agnostic of modulation, since modulation differences may be sufficiently covered by MPR.  The emission requirements listed in [1] were used in these simulations, although as suggested above, the limits may require modification for more strict compliance with FCC rules.  A-MPR is assumed to be additive to MPR with the same region definition and table format adopted for reporting A-MPR results.  Although simulations have been run for all channel bandwidths and SCS, only those bandwidths and SCS defined for Band 41 are evaluated in the tables below.
Table 1.  A-MPR for Band n41 NS_04, lower channels.  These results are based on emission limits from [1], but are subject to change based on agreement of final limits.
	Modulation
	A-MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM PI/2 BPSK
	TBD
	TBD

	DFT-s-OFDM QPSK
	≤ 2.5
	≤ 2.5

	DFT-s-OFDM 16 QAM
	TBD
	TBD

	DFT-s-OFDM 64 QAM
	TBD

	DFT-s-OFDM 256 QAM
	TBD

	CP-OFDM QPSK
	≤ 2.5
	≤ 2

	CP-OFDM 16 QAM
	TBD
	TBD

	CP-OFDM 64 QAM
	TBD

	CP-OFDM 256 QAM
	TBD


Table 2.  A-MPR for Band n41 NS_04, upper channels.  These results are based on emission limits from [1], but are subject to change based on agreement of final limits. 
	Modulation
	A-MPR (dB)

	
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM PI/2 BPSK
	TBD
	TBD

	DFT-s-OFDM QPSK
	≤ 0
	≤ 0.5

	DFT-s-OFDM 16 QAM
	TBD
	TBD

	DFT-s-OFDM 64 QAM
	TBD

	DFT-s-OFDM 256 QAM
	TBD

	CP-OFDM QPSK
	≤ 0
	≤ 0.5

	CP-OFDM 16 QAM
	TBD
	TBD

	CP-OFDM 64 QAM
	TBD

	CP-OFDM 256 QAM
	TBD


3. Conclusion

This contribution presents simulation results for A-MPR to meet NS_04 emission requirements in NR Band n41.  The emission limits are first analyzed.  The FCC rules are compared against a previous SEM proposal made in [1].  It was found that the previous SEM proposal does not strictly adhere to the FCC rules.  There appear to be discrepancies for SC-FDMA waveforms and for the limits in the first MHz adjacent to the channel.  These apparent discrepancies will first need to be understood and resolved, with the possible outcome that all simulations will need to be re-run.  Another aspect discussed is the format of the A-MPR table.  The tables are always a tradeoff between complexity and optimization of A-MPR.  Given that the NS_04 requirements for band n41 are in the same format as general SEM, and that the resulting A-MPR values are relatively small in value, there does not appear to be strong motivation to spend the time to optimize the format of the A-MPR tables.  In the simulation results presented in this paper, the same format as MPR was chosen.  Lastly, it is possible that the A-MPR values can be defined independent of modulation so long as the maximum value across all modulations is chosen.  If the spread of A-MPR values across modulations is zero or small, this can be worthy simplification.  There is a good possibility that this can be the case if MPR already accounts for most of the differences in modulation.
4. Reference
[1] R4-1800062, “n41 A-MPR simulation results,” Nokia, Nokia Shanghai Bell

[2] R4-1801203, “WF for FR1 MPR,” Qualcomm, Intel, LGE, Skyworks

1
1

